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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.
organizations, governmental and non-governmental, in liaison with ISO, also take part

International
in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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This document was prepared by Technical Comtnittee ISO/TC 113, Hydrometry.

This third edition cancels and replaces the;second edition (ISO 1070:1992), which has bee
revis¢d. It also incorporates the amendment 1ISO 1070:1992/Amd.1:1997. The main chang

to thg previous edition are as follows:

— the document has been reorganized to first present two-section computations followe
reach computations;
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three annexes havé’been added.

Any fi

complete listing)of these bodies can be found at www.iso.org/members.html.

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody

pedback or@guestions on this document should be directed to the user’s national stang

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

explanation of the voluntary nature of standards)the meaning of ISO specific terms and
expregssions related to conformity assessment, as well as information about ISO’s adhe

rence to the
see WwWw.iso

n technically
les compared

d by multiple

lards body. A

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=76ec1f20fff0905bbd080413f895b836

ISO 1070:2018(E)

Introduction

The slope-area method is an indirect method of determining discharge in open channels when direct
measurement of the flow is not possible because of the timing of the flow or because the site is too
hazardous for direct measurement techniques. The method is usually used to document the discharge
of a flood and to extend the stage-discharge rating of a stream flow gauging station above direct
measurements of discharge. The method can also be used at locations where bridge, cableway or boat
measurements are not possible. Water discharge is computed using flow resistance formulae based on
channel characteristics, water-surface profiles, and a roughness or friction coefficient.
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Hydrometry — Slope-area method
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This document specifies a method of determining discharge in open channels from observations of the
surface slope and cross-sectional area of the channel.
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br flow observed at the time of determining gauge heights froma'series of gauges.

tethod is commonly used to undertake the extension of stage-discharge relationshi
5t gauged flows.

s not apply to determining discharges in tidal reaches:

ormative references

bllowing documents are referred to incthe text in such a way that some or all of
tutes requirements of this document.*For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

V2, Hydrometry — Vocabulary and symbols

873, Hydrometry — Waterilevel measuring devices

erms and defiritions
e purposes of this document, the terms and definitions given in ISO 772 apply.

1d IEC maintain terminological databases for use in standardization at the following
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their content
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ents) applies.

addresses:

£ C F‘lpr“rrnppdin- available at h‘rfp-'/'/www Plp(‘h‘nppdia m‘g’/

4 Principle of the method of measurement

A measuring reach is chosen for which the mean area of the stream or river cross section is determined,
and the surface slope of the flowing water in that reach is measured. The mean velocity is then
established using known empirical formulae that relate the velocity to the hydraulic radius. The surface
slope is corrected to account for the kinetic energy of the flowing water and the characteristics of the
bed and bed material. The discharge is computed as the product of the mean velocity and the mean area
of the stream cross section.

Hydraulic assumptions of the method limit its suitability for use in very large channels with very flat
surface slopes, steep mountainous channels where free fall over riffles and boulders occurs, or channels
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having significant curvature. Such conditions require experienced judgement to determine whether the
method is applicable.

The most common governing formulae for flow resistance are the Manning and Chezy formulae. The
Manning formula is shown by Formula (1):

2
3 1
R 3 -
Q=—" 52 M
n
where
Q isthddischarge, in cubic metres per second;
A isth¢ cross-sectional area, in square metres;
Ry, is thd hydraulic radius, in metres;
S is thqfriction slope;
n is thd channel roughness, in seconds per metres to the one-third power.
The Chezy formula is shown by Formula (2):
r 2
Q= CARﬁ §2 (2)
where C is the Chezy form of roughness, in metres to the one-half power per second.
NOTE Manning n and Chezy C values of roughness forvarious open channel conditions are given in Annex A.
The Strickler ¢oefficient, Kj, is the reciprocal of n and.it is‘used in some countries (see Annex B).
Another floyv resistance formula is the Darcy-Weisbach (Colebrook-White) formula, whicH is a
theoretically| based formula commonly used.in the analysis of pressure pipe systems. It applies equally
well to any fluid flow rate and is general'enough to be applied to open-channel flows. Although it has not
been widely fised (because the solutien-to the formula is difficult), it is gaining more acceptance because
it successfully models the variability-of effective channel roughness with respect to channel material,
geometry anfd velocity. The Darcy*Weisbach (Colebrook-White) formula is shown by Formula (3):
8glz =+ >
g 2
where
f is the Darcy=-Wersbacth frictiom factor;

g

is the acceleration due to gravity, in metres per second squared.

The Darcy-Weisbach friction factor, f, can be determined using the Colebrook-White formula for fully
developed turbulent flow, as shown by Formula (4):

1

Jr

where

=-10

1g10{

k252
14,83 R, R,./f

|

(4)
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k isroughness height, in metres;

Re is the Reynolds number.

Since the Darcy-Weisbach friction factor is on each side of the formula, an iterative computation
algorithm is required to solve for f.

The three formulae and associated friction coefficients are employed best in streams or rivers with
a uniform or slightly constricting reach in which the cross-sectional profile and bed material are
consistent throughout the reach. The use of this method in non-uniform reaches, composite cross
sections (a main channel and one or more overflow sections), and/or changes in channel geometry and

intha computations

rouglﬂ nass factarc will intradica additional nncartainty
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Selection and demarcation of site

..... COTITptrtor e roTToT

Initial survey of site

bcommended that approximate measurements of widths, depths and-surface slopes
hinary survey to decide whether the site is suitable and conformis (to the extent poss
Lkions specified in 5.2 and 5.3. Interviews with witnesses, if any,should be done to get
the flood timing, flow paths, high water levels, and possibtebed changes during the
Fain the availability of photographs or videos of the flood évent.

Selection of site

y, the river reach should be straight, and should tontain no large curvatures or mea
H not be any abrupt change in the bed slopegZint the measuring reach, as can occur in
jels. The cross section should be as uniform as possible or slightly constricting th
and free from obstructions. Preferably,vegetation should be minimal and distribut

be made in a
ble) with the
information
event, and to

nders. There
steep, rocky
roughout the
ed uniformly

throughout the reach. Ideal reach conditiens are rare, so a reach with the best combination of desirable

chara

Good

high-
The b

Wher
at the

Flow
distu

The f
over-

cteristics should be chosen.

high-water mark definition ‘is éssential to the slope-area method. The presence a
vater marks are therefore key factors in selecting the measurement site.

ed material should be'similar in nature throughout the reach.

ever possible, thelength of the reach should be such that the difference between the
upstream and.downstream ends of the reach is at least 0,25 m.

n the reael/should be free from significant tributary inflows (or distributary outfloy
‘bances’in‘the high-water profile caused by any tributaries or distributaries.

ow in' the channel should be contained within defined boundaries. If possible, read

nd quality of

water levels

vs), and from

hes in which

hank flow conditions exist should not be selected. Where this is nnavoidable, howev

r, a reach in

which there are no very shallow flows over the floodplain should be sought. This will require additional

comp

utations for determining the discharge.

The site should not be subject to change in the flow regime from subcritical to supercritical or from
supercritical to subcritical.

While a uniform reach is ideal, a converging reach should be selected in preference to an expanding
reach. The energy losses induced by large expansions over the entire reach cannot be properly
accounted for, thus reaches with large or rapid expansions should not be selected (see 9.3.3).
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5.3 Demarcation of site

If the site is used for periodic slope-area measurements or continuous measurement of high flows,
permanent cross sections normal to the direction of flow shall be chosen and markers (clearly visible
and identifiable) shall be placed on both banks.

The site should be monitored to identify and assess any physical changes to the cross sections or reach
that occur over time.

6 Measurement of slope

6.1 High-

The slope-a
slope define
banks withi
the velocity
water marks|
downstream
on trees, mu
good, fair or
seed lines o1
are usually g
from the for(
on trees and
total energy

The high-wa
marks shoul

6.2 Crest-

If the site is
on each side
at least one
should refled

water profilg,

6.3 Press

If the site is
hydrographs
the high-wat

ater marks

ea method is most often used to document a flood or very high flow event. The fr|
in the flow resistance formulae is approximated by surveying high-watet; marks or

the measuring reach to determine the change in water surface elevation, detern
heads at each section, and evaluating the loss due to contraction or-expansion. The
should extend upstream of the most upstream cross section and dowhstream of the
cross section. The high-water marks may consist of drift on banks; wash lines, seed
d lines, and drift in bushes or trees. Each high-water mark.should be rated as exc
poor, which will help with interpreting the high-water profile and slope. Mud line
tree trunks or structures typically are excellent high-watér marks. Drift and wash
ood, fair or poor depending on the tendency of the stream bank vegetation to bouncg

other obstacles in high-velocity areas because thiéy may be more representative
than the water level, which will reduce the accuracy of the computed discharge.

rer marks should be surveyed as soon as passible after the flood. If this is not practic
| be preserved with paint, nails, flagging or labels until the survey can be done.

stage gauges
o be used for periodic meastirement of high flows, a series of crest-stage gauges ins

Crest-stage gauge at thé left and right bank of each cross section; cross-section loc
t known hydraulic changes in the measurement reach (observed slope breaks in the
for example). The'cvest-stage gauges should conform to ISO 4373.

Ire transmitters

to be used for periodic measurement of high flow or continuous measurement of
a series of recording gauges installed on each side of the reach can be used to dete
er profile and slope; as noted in 6.2, cross-section locations should reflect any k

iction
both
1ining
high-
most
lines
bllent,
s and
lines
b back

es exerted on it by the flowing water. Care should béexercised in using high-water marks

bf the

1, the

talled

of the reach can be used(to determine the high-water profile and slope. There should be

itions
high-

flood
‘mine
nown

hydraulic ch

nges in the measurement reach. The rnr‘nrdlna devices can be individual water

-level

recording gauges, or a series of pressure transmitters connected to a single data logger or recorder.

6.4 Reference gauge

The water levels determined by surveying high-water marks or from crest-stage or recording gauges
should be referenced to national or local datum by precise levelling to the nearest benchmark. If the
site is maintained as a stage-discharge gauging station, the water levels should be surveyed to the
reference gauge whether it is a vertical staff gauge or inclined gauge. The reference gauge shall conform
to ISO 4373 and be securely fixed to an immovable, rigid support in the stream or river.
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7 Determination of slope

The high-water profile or surface slope is usually determined from a plot of high-water marks from
both river banks. The average of the intersections of the lines of best fit of the high-water marks on
both banks with the cross sections represent the water levels at each cross section. Each high-water
mark will be defined by its position and quality rating on a graphical plot of water level versus distance,
as measured along the stream thalweg or centre line of conveyance through the reach.

Alternatively, the water levels can be the difference in the average of the left and right bank crest-stage
gauge measurements at the upstream and downstream cross sections of the measuring reach.

A large number of high mark levels, even if apparently redundant and not located in the considered
cross|sections, will help to identify and discount inconsistent flood marks and confirm

the flpw regime along the reach.

8 (ross sections of a stream

8.1 |Number and location of cross sections

A mipimum of three cross sections in the selected measuring reach generally is desirfable; five or
more|cross sections can provide insight into and reduce the uncértainty of the comput¢d discharge.
Cross|sections shall be clearly marked on the banks by means)of'masonry pillars or easily identifiable
markers. The cross sections shall be numbered so that the ctess section furthest upstrean is identified
as sedtion 1, the adjacent cross section downstream is identified as section 2, and so on.

Crossfsection locations should be determined based\on plotted high-water profiles (s¢e Clause 7),
with |cross sections located at any major slope-breaks in the high-water profiles. This approach
ensuiles conveyance varies uniformly between cfoss sections, which is an assumption ¢f the slope-
area method. In addition to this criterion, cress-section spacing should be consistent with the length
of thg measurement reach and number of cross sections used. Each cross section should be oriented
perpgndicular to the direction of flowl4l,

8.2 [Measurement of cross-séctional profiles

The profile of each of the cxoss’sections selected shall be measured at the same time pt which the
gaugq observations are made, or as close as possible to this time. It is often impossibl¢ to measure
(by spunding) the cross-section during flood and therefore an error may be introduced in the flow
determination owing teyan unobserved and temporary change in a cross section. If the section is stable,
howeyer, it will be.sufficient to measure the cross sections before and after a flood.

9 (omputation of discharge

9.1 |General

Discharge calculations are presented for three types of stream reaches. The first case is for reaches
with uniform cross-section geometry and roughness. In this case, the water surface slope (Sy) is
virtually equivalent to the friction slope (S) because the velocity head throughout the reach is constant.
The more complex cases are reaches that have converging or slightly diverging cross-sectional areas,
and reaches that have composite cross sections consisting of a main channel section and one or two
floodplain sections.

© IS0 2018 - All rights reserved 5
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9.2 Uniform cross sections

9.2.1 General

The discharge of a stream for which the cross sections are uniform (both for geometry and roughness)
is the product of the mean cross-sectional area and the mean velocity of flow in the reach, as shown by

Formula (5):

Q=vi_,A (5)
where v,_,, fs-themeanvelocity inthe reach between sectionl and sectionm
9.2.2 Detdrmination of the mean cross-sectional area and mean wetted perimeter of'the reach
In natural stireams, it is very difficult to find a reach that has a uniform cross sectiofi throughqut its
length. Howgver, if the reach is uniform with only small differences in the cross-sectional areas 41, Az,
.., Am, the mean cross-sectional area of the reach may be taken as shown by Formula (6):

- A +RA,+..+2A, 1+ A

A — 1 2 m-1 m (6)

2(m-1)

where m is the number of cross sections chosen.
The correspgnding wetted perimeters shall then be determined ahd' the mean wetted perimeter, B may
then be calcylated as shown by Formula (7):

= Py +PP,+..+2P 1 +P

P — 1 2 m—1 m (7)

2(m-1)
9.2.3 Detdrmination of hydraulic radius
The hydraulic radius, R, at any section is‘the ratio of the area of flow A to the wetted perimeter P, as
shown by Formula (8):
A
Ry, =— 8
h=p (8)
The area of flow, i.e. the area of the cross section, and the wetted perimeter are computed as fallows
(also see Figlire 1).
If the depths|of flowsof a channel, measured at different points along a cross section by sounding, gre dj,
dz, d3, ..., dm| 14nd do = dny, = 0 (see Figure 1), the area of the cross section may be computed as shown
by Formula (P}:
1

A:EZi’llbi(di—ldei) (9)

and the wetted perimeter may be computed as shown by Formula (10):
2 2
P=z ﬁl\/bi +(d; —d;_q) (10

© ISO 2018 - All rights reserved
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b, b, bs bm
Pl dl dZ d dm'1 Pm
3
Py
¢”’/
R/ -

Key
b1, by, ... bm distances between depth measuring points
di,do,[d3, .. dm -1 depths
P1, Py)P3, ... Py values of wetted perimeter

Figure 1 — Cross section of a channel

9.2.4| Determination of the mean velocity in the reach

9.2.4]1 Using Manning’s formula

The mean velocity between two or more cross sections (where A1 # Ay. ..., Am) when the flow is not

signifficantly different from uniform flow is given by Formula:(11):

2
R3S2
— h°w
Vi-m =—=
n
wher¢
ﬁl_m is the mean velocity in the reach 1 - m;
R is A ;
h P’
1 is the arithmetic mean of the m values of Manning’s coefficient of rugosity for th

sections imthe reach;

steady, uniform flow.

9.2.4/2-. Using Chezy’s formula

S}y is the Water surface slope for the reach and approximately equal to S (the frictio

(11)

€ Cross

n slope) for

The mean velocity between two cross sections for the same conditions as described in 9.2.4.1 is shown

by Formula (12):

1
Vi_m =C(RyS, )?

(12)

where C is the arithmetic mean of the m values of Chezy’s discharge coefficient for the cross sections

in the reach.

9.2.4.3 Manning and Chezy coefficients

Where a reasonable value of Manning’s coefficient of rugosity or Chezy’s discharge coefficient can be
extrapolated from direct discharge measurements taken in the measuring reach, the values obtained

© ISO 2018 - All rights reserved
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can be used provided there have been no subsequent changes in the channel characteristics. Reasonable
values also can be estimated from surface flow velocities observed on videos, if available.

In the absence of measured data, the values given in Table A.1 for Manning’s coefficient of rugosity and
Chezy’s coefficient can be used for channels with relatively coarse bed material and not characterized
by bed formations, and those given in Table A.2 can be used for channels with other than coarse bed
material and for channels having vegetation, clay, and rocky banks. Annex C provides an alternative
method for estimating Manning’s coefficient of rugosity.

9.2.4.4 Using the Darcy-Weisbach (Colebrook-White) formula

The mean vepoet

by Formula
_ 8 gI_? S
Vicm =\/% (13)

where the D4rcy-Weisbach friction factor, f, is determined through iterative solutions of Formula [4).
9.3 Non-uyniform cross sections (2-cross-section formulation)

9.3.1 Geng¢ral
The discharge of a stream in a reach shall be calculated from Forniula (14):

Q=KS2 (14)

where K is {he mean conveyance. Formula (14) extrapolates the Manning formula, see Formula (1), by
assuming th¢ formula is valid by allowing S to in¢lude not only the energy losses due to friction, byt also
those from cpntraction/expansion.

9.3.2 Comlputation of conveyance

When the cHannel reach is a single channel and it varies uniformly between sections, say sectjons 1
and 2 (it can(be either converging,ot slightly expanding) the conveyance K1 and K7 of the upstream and
downstream| cross sections, respectively, should be calculated. The mean conveyance for the reagh will
then be given by the geométric mean of K1 and K3 thus, as shown by Formulae (15), (16) and (17):

1
K=(Kq%K;)? (15)

where K is the-conveyance of the upstream cross section
1 2
_ 3
Ki=—A1R}, (16)
n
where K3 is the conveyance of the downstream cross section,
2
_ 1 p3
Ky =—ARy, (17)
ny

where

8 © ISO 2018 - All rights reserved
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niand ny are Manning’s coefficient of rugosity at section 1 and section 2, respectively, see

Formula (1);

A1and A; are the cross-sectional areas at section 1 and section 2, respectively, see Formula (9);

Rn1 and Ry are the hydraulic radii at section 1 and section 2, respectively, see Formula (8).

9.3.3 Evaluation of the friction slope

The friction slope S of a reach between cross sections may be defined as shown by Formula (18):

N
(21—22)+L02;1 GSEZJ(l—Ce)

S|= L (18)
wher¢

VA A is the measured fall;

afj and ay are the velocity head coefficients;

Ck is the energy loss coefficient;

vi and vy are the mean velocities at section 1 and section 2, respectively, and are giv¢n as the

ratio of Q/A at the two sections;

L is the length of the reach between gross sections 1 and 2.

Term$ in Formula (18) are depicted in Figure,2. The numerator of Formula (18) is definfed as hT, the
total gnergy loss due to boundary friction.and contraction/expansion in the reach.

Owing to the non-uniform distributiofi ¢f velocities over a channel section, the velocity head of an open
chanyel flow is generally greater than the expression v2/2g. When the energy principle is used in the
compltation, the true velocity head will be expressed as av2/2g where the value of @ may be greater
than 1 and calculated from Formula (19):

(19)

K ib thc LUllVCy allItT Uf thC CIUSS DCLtiUll,
K; is the conveyance of subsection i, wherei=1 to n;
A is the area of the cross section;

A;j is the area of subsection i.

© ISO 2018 - All rights reserved 9
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The velocity head coefficient may also be obtained by the empirical Formula (20):

(20)

\/, 2
1439
a:1+0,88 0,34+W
2,3+
Jo
where C is the Chezy coefficient.
* 2 ..\~~
alﬁ §~.\.. q ?T
27 -‘"\.._
2
4 M
29
\ Q
Z
5 Z
6
1 L 2
Key
1 cross sec]ion 1
2 cross secfion 2
3  energy grpdient
4  water surfface slope
5 streambefd slope
6 datum

Figure 2 — Longitudinabsection of a converging reach longitudinal section of a converging 1

The energy [head less”due to convergence or expansion of the channel in the measuring re
assumed to be equal to the difference in the velocity heads at the two sections considered mult

reach

ich is
iplied

by a coefficignt(1 - C¢). The value of C¢ is taken to be zero for uniform and converging reache

s and

0,5 for expanding Teaches. The true energy toss In expanding reachnes 1S UNKNOWMN. LacKing
understanding, the energy loss coefficient for expanding reaches is assumed to be 0,5. Therefore,
or rapidly expanding reaches should not be selected for slope-area measurements.

etter
large
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converging reach, the friction slope should be calculated as shown by Formula (21):

0‘1"% _0‘2"%
2g 29

L

(21—22)+[

(21)

and for expanding reaches, the friction slope includes the expansion losses and is given by Formula (22):

0‘1"% ayv)

The
apprd
the w
and (
wateq
the di
value
and ¢

starting with a new assumed value of Q.

9.4

River
sectid
are fl
or st
flow 1
perin
shoul
large
for th
exam

(z4 —Zz)+0,5(
\

L

21
2g 2g
7

friction slope S between two adjacent cross sections can be determinéd b
ximation. First, assume a value for the discharge Q. A reasonable assumption can b

/A3, respectively. Calculate all other values in Formula (21) from cross-sectional pr
-surface elevations at sections 1 and 2. Calculate the friction slopet$iising Formula (3
scharge Q using the calculated value of S and the geometric mean conveyance K. If th
of Q agrees with the assumed value of @, with reasonable limits, then the calculatd
are correct. If the calculated and assumed values of Q do notagree, the process shou

Composite cross sections

5 with a floodplain generally have composite sections that reflect an abrupt bre
n shape between the main channel and thé/floodplain, as illustrated in Figure 3, w
podplain sub-sections and b is the main _channel sub-section. Computing a dischar
eam with a composite cross section stretches the application of the three governing
esistance (see Clause 4). The conveyance component of the formulae is based on the
eter and roughness factor. If thé ¢ross section is not subdivided properly or subdiy
An’t be, the wetted perimeter of the subsections will be too small or too large resu
or too small hydraulic radius.*This would then require a fictitious value for the roug
e formulae to yield an accurate discharge. Knight, Shiono and Pirtl1Z] and Davidi
ples of inappropriate subdivision and application of roughness factors.

(22)

y successive
e made using

ater-surface slope in place of the friction slope in Formula (14). Then, ealeulate v1 apd vy as Q/A1

operties and
b1). Calculate
is calculated
d values of S
d be iterated

ak in cross-
here a and c
re for a river
formulae for
area, wetted
ided when it
ting in a too
rhness factor
inl9] provide

\ /

Figure 3 — Composite cross section of a main channel and floodplain
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When subdivision is done correctly, a discharge is computed based on Formula (14) and the combined
conveyance of each subsection, as shown by Formula (23):

K=K, +K,+K_

where for the Manning formula, see Formula (1):

where
Aa, Ap anl

Rha, Rhb

Ng, Ny an

If the shape g

the reach sh

[t should be 1
the floodplai
estimation s

9.5 Comp

For reaches
adjacent sect
taken such t

Formula (24]

2

Ky=—A,RE,

2

(23)

3
AL R
2

chﬁc

d Ac

hnd Ry

d n.

fthe composite cross section varies between‘sections 1 and 2, then the conveyance f3
for both comlposite cross sections 1 and 2 should beevaluated separately and the mean conveya
uld then be calculated following the procedure given in 9.3.2.

oted that, due to the momentumtransfer across the vertical between the main chann
n, there can be an overestimation or under estimation of the discharge. The conve
ystem (CES) (see 10.3 and Anntex D) offers a more comprehensive approach for addre
roughness boundary and momentum-transfer issues of composite cross sections.

utation of discharge using three or more cross sections

with three or{more cross sections, the discharge should be computed for each p
ions. Thesg ¢omputed discharges will most likely be different and an average should be
hat the enefgy balance is satisfied throughout the reach. This usually is a trial-and
procedure; hbweverformulae are available for these computations to avoid the trial-and-error me
| is used for a reach with three cross sections (see Figure 4):

are the areas of the three subsections of the composite’section, see Formul

are the hydraulic radii for the three subsection90f the composite section, s

Formula (8);

are Manning’s coefficient of rugosity for the three subsections of the comp

section, see Formula (1).

site

ctors
hce of

bl and
yance
pSsing

Qir of

error
rthod.

2

12

2
A
oy LA—BJ (Cez—3 —Ce1—2)—0t3(1-Cep3)

4
T

Q=K5(zy-23)2

[ r 2

K, (K K% Ay )

—3 —3L1_2 +L2_3 + 3 2 —061 —3 (1_Ce1—2 )+
K7 | K4 2gA Ay

(24)
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e | T N
29 P
2
S N 3%12
X, H\\\\\\\\“““\~\\\\\\\§> g
z
1 2 X3
— Z3
Ly, L3
Key
1 water surface
2 bed
3 datum
X1, X2|X3 cross sections 1, 2, and 3
z1, 22, 3 water elevation above datum

L1-p apd Lz-3 length of reach between cross sections 1 and 2 cross sections 2 and 3, respectively

9.6 |State of flow

Figure 4 — Longitudinal section of a reach with three cross sections

After|the final discharge has beeh-determined, the value of the Froude number F, should
for each cross section to evalpate'the state of flow, as shown by Formula (25):

v

gd

W is thesmean velocity;

g| Gsthe acceleration due to gravity;

be computed

(25)

water surface width.

4 s the mean depth of the cross section, which is the ratio of the area of the cross section and the

Although the slope-area method can be used for both subcritical (F;- < 1) and supercritical (F > 1) flow,
if the state of flow changes in the channel reach from subcritical to supercritical or vice versa, there is

cause for further examination of the data.

© ISO 2018 - All rights reserved
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10 Alternative methods to estimate conveyance

10.1 Gener

al

The methods described in Clause 9 use the single channel method for computing conveyance and
discharge for reaches with uniform cross sections and those with non-uniform or composite sections.
The single channel method produces good estimates of discharge for reaches with uniform cross
sections; however, the uncertainty of the computed discharge increases as the conveyance varies with

non-uniform

10.2 Divid

channel geometry, bed material and river bank vegetation.

dchannelmethod

The divided
channel met|
variation in

stream bank
the conveyar
channels are|

10.3 Conve

The CES is 3
and flow cor
component o
of sources, c
the fluvial sy
and the quar
are describe

11 Uncert

11.1 Defini

ISO/TS 2537
the uncertai
the result of
attributed tq
multiple of t]
standard de

channel method of computing discharge uses the same governing formulae ag-the
hod; however, the stream reach is divided into multiple channels to bettef accou
thannel roughness due to irregular geometry, differences in bed material.and variat
vegetation. The stream reach typically is subdivided by vertical lines (see Figure 3|),
ridual

yance estimation system

ce and discharge are calculated for each channel as in 9.3. The discharges of the indiy
then summed as the total discharge of the stream or river.

i public-domain software system for estimating conveyarice for various channel
ditions that was developed for the Environmental Agéncy in the United Kingdom.
f the CES is the increased knowledge in recent years‘on river resistance from a diver
pvering different types of vegetation and surface.material (bed, bank and floodplai

ain) for
stem. The CES includes enhanced roughness knowledge, improved conveyance estir:Lzlition

tification of uncertainty. The components of CES and how conveyance is calculated i
] in Annex D.

ainty in flow measurement

tion of uncertainty

/ sets forth the concepts§, terminology and methods to be used in discussing and comy
ty of hydrometric measurements. Uncertainty is defined as a parameter associated
a measurement thab characterizes the dispersion of the values that could reasonal
the measuremernt. The uncertainty parameter can be a standard deviation or a spe
e standard deviation. The standard uncertainty is defined as “uncertainty expresse
iation”. Expanded uncertainty is defined as a quantity defining an interval about the

single
nt for
ion in

and

types
A key

se set

CES

uting
with
bly be
cified
d as a
result
ralues
ed by
iction
d the

level of confidence. It should be noted that, if the dlstrlbutlon is assumed to be approx1mately normal
(Gaussian), then coverage factors, k, of 1, 2, and 3 correspond to levels of confidence of about 68 %, 95 %
and 99,8 %, respectively.

14
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11.2 Sources of uncertainty for a uniform reach

11.2.1 General considerations

From Formula (5):

Q=vA

where v and A are the mean velocity and the mean area, respectively. Using Manning’s formula, as
shown by Formulae (26) and (27):

o RSt
n
wher3§h=i
P
then
21 51
_R}fS&,A_A3S§V
Q=—= -2
n gpn—
P3n

Thus,| the overall relative uncertainty of the discharge’computed using the Manning fi
stream with uniform cross sections will be the combined uncertainty of the area (u4),

wettg

for the Chezy and the Darcy-Weisbach (Colebrook-White) formulae.

11.2.2 Uncertainty of the mean cross-Sectional area

The yncertainty in the mean cross:sectional area u- of a reach is composed of the fol

A

separjte components:

a)
b)

uncertainties due to errors in measurement;

uncertainties duetowdifferences between assumed and actual shapes of the subsectio
number of subséctions selected;

uncertaintiesdue to intrinsic differences in cross-sectional area throughout the reach|

(26)

(27)

brmula for a
slope (uSW ),

d perimeter (up) and the coefficient of rugosity (u,). The same uncertainty componeints will apply

owing three

ns and to the

nly a limited
be assessed

11.2.3 Uncertainty in the calculation of the mean wetted perimeter

The uncertainty in the mean wetted perimeter u; is also divided into the three components:

a)
b)

)

P
uncertainties due to errors in measurement;

uncertainties due to differences between assumed and actual shapes of the bed;

uncertainties due to intrinsic differences in wetted perimeter throughout the reach,

Again, component c) likely is the largest source of uncertainty. As noted in 11.2.2, subjective assessment
will need to take into account any known facts concerning the reach, including a suitable allowance for
the uncertainties of components a) and b).

© ISO 2018 - All rights reserved
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Since both the cross-sectional area and the wetted perimeter are determined from the same
measurements of width and depth, their values will not be independent; the uncertainty in the
discharge therefore should be decreased to take this relationship into account. However, in view of the
difficulty of quantifying the uncertainty and of assessing the dependent effect of the changes in cross-
sectional areas and wetted perimeters through the reach, it is suggested that this adjustment (decrease
in uncertainty) be omitted from the calculation.

11.2.4 Uncertainties in determination of the friction slope

The uncertainty in the determination of the friction slope will depend on

a) uncertal lt;CD ;ll thC sausc Ul h;sh \AY atCl uu:u}\ 1 Cad;usa,
b) uncertainties due to corrections for non-uniform slope, and

c) uncertainties due to estimating the friction slope based on the observed slope.

Component
is determine
facilitated by

h) probably is the most significant source of uncertainty, especiallyxwhere the
d from high-water marks. The assessment of the uncertainty of (component a) c
 taking several consecutive readings of the gauges in question-over a period of st

state flow anld comparing the differences in the slopes obtained. The assessment should also incly

allowance fo

11.2.5 Uncq

The uncerta

|

I the uncertainties of components b) and c).

trtainty due to the choice of the rugosity coefficient

ty in the rugosity coefficient used will include both of the following components:

slope
an be
eady-
de an

a) uncertainties due to mischaracterizing channel shape) bed material size, and type and extpnt of
vegetatipn;

b) errors of judgement in the selection of n, c or f, depending on which governing formula is used.

Assessment [of the magnitude of these uncertainties is particularly difficult and is again lgrgely

subjective. H
be noted tha
than randon
of the mean.
are unknow
uncertainty

11.2.6 Ovel

The combing
shown by Fol

—Uu

pwever, as experience with the method is gained, this difficulty is likely to reduce. It
t once a value has been selected, any uncertainty introduced will be systematic 1
; this systematic uncertainty will result either in an over-estimate or an under-est]
Nevertheless, magnitufejand sign of these uncertainties relative to the mean ultin
1, and it is only possible to assess the range subjectively. In view of this subjectivit
Hue to this source should be taken as half of the estimated range and treated as rand

all uncertaifity’'in the measurement of discharge

d relative)uncertainty of discharge computed by the Manning formula is expresg

'mula-(28):

1

hould
ather
imate
nately
y, the
m.

ed as

2

2,1 2
S+—u I

(28)

4 2
U =[ += ut +u J
9 P
As noted in 11.2.2, the parameters used to calculate area and wetted perimeter are the same and the

uncertainty of area and wetted perimeter are not independent of each other. Therefore, the combined
relative uncertainty should be less than the value calculated by Formula (28).

9 A4 4 Sw
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Annex A
(informative)

Approximate value of coefficients n and C for open channels

Tables A.1 and A.2 indicate the coefficients n and C, which may be used subject to the following

observations.

a) e values given for the coefficients in Tables A.1 and A.2 are not comprehensivé/apd should be
used only as a guide; appreciable error will be introduced when Ry, is small and the'size of the bed

aterial is large.

b) Chezy’s and Manning’s coefficients are inter-related for the bed condition§ mentioned|in Tables A.1
apd A.2. Using the Darcy-Weisbach friction factor, the bed conditions may be defined more explicitly,
but it is an iterative process using the Colebrook-White formula.

c) Ifis advantageous to determine the range of roughness for natural channels by measurement, to

photograph the channels and torecord their corresponding vefified coefficients; this do

ill serve as guidance in the selection of coefficients for aeach under survey. Appro
of the coefficients may thus be selected by visual comparison. Barnes[3] and Hicks a
provide photographs of channels and their computedin values for streams and rivers
States and New Zealand, respectively.

cumentation
priate values
nd Masonl14]
n the United

Table A.1 — Coefficients for channels with relatively coarse bed material and not chlaracterized
by bed formations,(adapted from Chowlél)
Type of bed material Size of bed Manning’s Chezy’s coefficient C for the folloying values
material coefficient of Ry
mm n Rh=1m | Rh=2,5m | RL=5m | RLb=10m
Gravel 4 te8 0,019 to 0,020 53to 50 61 to 58 69 to 65 77 to 73
810’20 0,020 to 0,022 50 to 45 58to 53 65to 59| | 73to 67
20 to 60 0,022 to 0,027 45to 37 53to 43 59 to 48 67 to 54
Pd¢bbles and shingle 60to 110 0,027 to 0,030 37 to 33 43 to 39 48 to 44 54 to 49
110 to 250 0,030 to 0,035 33to 29 39to 33 44t037[ | 49to42
Tablé.A.2 — Coefficients for channels other than those with coarse bed matgrial
Type of bed material Manning’s Chezy’s coefficient C for the following Values of R,
coefficient Rh=1m | Rp=2,5m | R,=5m | Ry=10m
n
A. Excavated or dredged
a) Earth, straight and
uniform
1) Clean, recently 0,016 to 0,020 63 to 50 72 to 58 81 to 65 91to 73
completed
2) Clean, after 0,018 to 0,025 55to 40 64 to 46 72 to 52 81 to 59
weathering
3) With short grass, 0,022 to 0,033 45 to 30 53to 35 59 to 40 67 to 44
few weeds
b) Rock cuts
© ISO 2018 - All rights reserved 17
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Table A.2 (continued)

Type of bed material Manning'’s Chezy’s coefficient C for the following values of R,
coefficient Rh=1m | Ry=25m | Ry=5m | Ry=10m
n
1) Smooth and 0,025 to 0,040 40 to 29 46 to 29 52to 33 59 to 37
uniform
2) Jagged and 0,035t0 0,050 29to 20 33to 23 37to 26 42 to 29
irregular
B. Natural stream
B.1 Minprstreanr (tuy W 1dt}1
at flood stage less than 30 m)
a) Stfeams on plains 0,025 to 0,033 40 to 30 46 to 35 52to 40 59 tq 44
Clean]straight, full stage,
no riffs or deep pools.
b) Clgean, winding 0,033 to 0,045
strear with some pools
and shoals
c) Cl¢an, winding, with 0,045 to 0,060
some pools and shoals,
and njore rocks
B.2 Floddplains
a) Palsture, no brush
1) [ Short grass 0,025 to 0,035 40 to 29 46 to 33 52 to 37 59 tq 42
2)| High grass 0,030 to 0,050 33 t0:20 39to 23 44 to 26 49 tq 29
b) Cyltivated areas
1) | No crop 0,020 to 0,040 50 to 25 58 to 29 65 to 33 73tq 37
2)| Mature row crops 0,025 to 0,045 40 to 22 46 to 26 52to 29 59 tq 33
3)| Mature field crops 0,030 to 0,050 33to 20 39to 23 44 to 26 49 tq 29
c) Brpsh
1) | Scattered brush, 0,035t0 0,070 29 to 14 33to 17 37 to 19 42 tq 21
hepvy weeds
2)| Light brush and 0)035 to 0,060 29to 17 33t0 19 37 to 22 42 tq 24
trges (without foliage)
3)| Light brush and 0,040 to 0,080 25to012 29 to 14 33to 16 37 tq 18
trdes (with foliage)
4) | Mediumo,dense 0,045 to 0,110 22t09 26 to 10,5 29to 12 33tq 13
bryish (without foliage)
5)| Medium to dense 0,070 to 0,160 14 to 6,5 17 to 7,5 19to 8 21tp 9
br‘lsh(with foliage)
d) Trees
1) Clearedland 0,030 to 0,050 33to 20 39to 23 44 to 26 49 to 29
with tree stumps, no
sprouts
2) Same as above, 0,050 to 0,080 20to 12 23 to 14 26to 16 29to 18
but with heavy
growth of sprouts
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Type of bed material Manning’s Chezy’s coefficient C for the following values of R,
coefficient Rh=1m | Ry=25m| R,=5m | Ry=10m
n
3) Heavy stand of 0,080 to 0,120 12t0 8,5 14 t0 9,5 16to 11 18to 12
timber, a few felled
trees, little under-
growth, flood stage
below branches
4) Same as above, but 0,100 to 0,160 10 to 6,5 12to 7,5 13to 8 15to 9
with ffood stage
reaching branches
5) Dense willows, in 0,110 to 0,200 9to 5 10,5to 6 12 t9"6)5 13to 7,5
mid-summer
19
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Annex B
(informative)

Approximate value of Strickler-coefficients ks; for natural streams

An alternative formula for fluid motion was developed by Albert Strickler[20] based on data collected
from gravel-bed streams in Switzerland and France, and fixed-bed laboratory data, see Tables B.1

to B.4. It is veTySimmitarto tie Mamming formuta except the Strickier roughmess coefficienmts tksy)aye the

reciprocal oflthe Manning coefficients (n), as shown by Formula (B.1):

2 1
Q=AkStR}~:’S2 (B.1)
where
A isarda, in m2;
1
kst is the Strickler roughness coefficient, in m3 /s;

Ry is the

S isthe

Table B.]

hydraulic radius, in m;

energy slope.

| — Strickler-coefficients ks; in natural streams — Earth-channels, tortuous flaw
course and-slowly flowing

Strickler coefficients
Channel bed conditions 1
[m?3 /s ]

Without weedl growth 33,5to0 43,5

Grass, weak weed growth 30to 40

Strong weed prowth or waterplants in deep channels 25t0 35,5

Channel bed $tony, banks overgrown with grass or weed 25to0 40

Channel bed ¢f stones,banks without grass or weed 20to 33,5
20 © ISO 2018 - All rights reserved
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Table B.2 — Strickler-coefficients ks; in natural streams — Rivers and brooks with
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width < 30 m, at the highest water level — In the plain

Channel bed conditions

Strickler coefficients

1

[m3 /s ]
Straight flow, full flow section, no gravel bars and no scours 30 to 40
Straight flow, some stones and some brushwood 25to 33,5
Spiral course, some gravel bars and some shallow areas 22 to 30
Spira' course, some stones and some brushwood 20 to 28;5
Spirai course, more stones 16,5022
Spiral course, low water depths 18.to 25
Slow flowing sections, with brushwood and deep scours 12,5to 20
Very thickly covered sections with brushwood, deep scours 6,5t0 13,5
Floodplain with deep stock of trees and undergrowth 6,5to0 13,5

Table B.3 — Strickler-coefficients ks; in natural streams — Rivers and brooks
width < 30 m, at the highest water level - In the mountains

with

Channel bed conditions

Strickler coefficients

(No yegetation at the channel bed, steep banks, vegetation at 1

the flooded banks) [m3 /s ]
Channel bed consists of gravel, stones and few stone‘blocks 25to0 33,5
Chanpel bed consists of stones with large stone blocks 22to 30

Table B.4 — Strickler-coefficients ks; in natural streams — Rivers with width > 3 m at the

highest water level

Channel bed conditions

Strickler coefficients

1

[m3 /s ]
Regular section with{stone blocks and brushwood 16,5 to 40
Irregplar and roughisection 10 to 28,5
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