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INTERNATIONAL STANDARD

ISO 2425-1974 (E)

Measurement of flow in tidal channels

0 INTROL
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UCTION

tional Standard provides information about the
t of liquid flow in tidal channels, which poses
ditional to those encountered in uni-directional
wo different methods used generally for
lidal flow are covered by this International

I measurement of flow by the measurement of
and cross-sectional areas, and

fure methods.

reasons, direct measurements of velocity in
Is are more liable to large errors than are those
conditions of uni-directional flow.

nt feature of this International Standard is
ealing with errors in tidal flow measurement,
direct measurements {10.1) and in methods of
t by cubature (10.2).

re included to illustrate examplés and
of the two basic equations which.are to be

used with the cubature method.

1 SCOPE 4

This Intern
ISO 748,
velocities ir|

specifies

AND FIELD OF APPLICATION

htional Standard/which forms a supplement to
the {methods of measurement of
tidal channels'to be applied in order to draw

the total diﬁcharge curve and to compute the ebb and flood

volumes. |
cubature.

also._specifies the alternative method of

3.1 cubature: A numerical technique computing
discharges in a tidal channel at a cross'secfion from the
rates of change in volume of water’'up to the tidal limit,

with algebraic allowance for the fresh wa
entering the channel.

3.2 density current : The, phenomen of gra
liquid relative to another liquid, or of relative
liquid medium due to_difference in density.

NOTE — The salt-water wedge is a specific case of
when stratification occurs between identifiable fl
3.7).

3.3 ~ebb-tide : The occurrence of falling wat
tide.

3.4 ebb-current : The seaward movement of
tidal channel.

3.5 flood-tide : The occurrence of rising wat
tide.
The

3.6 flood-current : landward moveme

along a tidai channel.

3.7 salt-water wedge : The wedge-like intrus
mass of salt water flowing in from the sea u
water in a tidal waterway, where mixing by
inappreciable.

3.8 estuary : A partially enclosed body of
lower reaches of a river which is freely conng
sea and which may generally receive fresh v

er discharges

ity flow of a
flow within a

density current
bw masses (see

b surface of a

water along a

br surface of a

nt of water

on of a large
der the fresh
turbulence is

water in the
cted with the
bater supplies

from upland drainage areas

2 REFERENCES

1SO 748, Liguid flow measurement in open channels —
Velocity-area methods.

ISO 772, Liquid flow measurement in open channels —

Vocabulary

and symbols.

3 TERMINOLOGY

For the pur

to the definitions

poses of this International Standard, in addition
given in 1SO 772, the following

definitions shall appiy.

3.9 tide: The periodic rise and fall of the water due
principally to the gravitational attraction of the sun and

moon.

3.10 tidal channel (tidal waterway) : The channel in which

the flow is subject to tidal action.

NOTE — A tidal waterway consists of one or more tidal channels

together with the shallows and the banks or sides by
at high water is bounded.

which the flow

3.11 tidal prism : The volume of water that flows into a

tidal channel and out again during a complete
movement of the tide, excluding any upland d

tide, with the
ischarges.


https://standardsiso.com/api/?name=79af8846006fa013ddf74d3fcfb07b9e

ISO 2425-1974 (E)

3.12 tide range : The difference in level between high
water and low water of a tide. The range is specific to a
particular tide if consecutive high and low water are used.
Otherwise, the range can refer to extremes of high and low
water over any specified period of time. (Tidal amplitude
may be regarded as the difference between the water level
at high or low water and mean sea level at a given point or
the mean elevation of the tide.)

5.3 Cubature method

Discharges are computed from the changes in the volume of
water in the channel at short intervals of time. Water level
and widths are simuitaneously observed at suitable intervals
of time at a number of stations along the channel up to the
tidal limit. The areas of water surface corresponding to
various water levels are determined from each reach.
Changes in the volume of water during the specified
time-intervals are computed. If the discharges of fresh water
from the river at the head of the tidal channel and from

4 UNITS OF MEASUREMENT

The units of measurement used in this International
Standard are seconds, and metres or feet.

5 PRINCIPLES OF THE METHOD OF MEASUREMENT

The alteration of the direction of flow in tidal channels
creates problem$ of measurement additional to those
associated with |the measurement of the discharge of
uni-directional stieams.

The methods specified in 1SO 748 cannot, therefore, be
fully applied to tidal channels.

In tidal channels| the flow is generally measured by one of
the following methods.

5.1 Velocity-area method

A gauging statiop is selected complying with the required
conditions, and f{ts width is measured by one of the usual
methods of sunfey; the depth is measured in a certain
number of vertidals distributed in the section, the.number
chosen being adeuate to determine the profile and the area
of the section] The velocities are measured with a
current-meter at|different points on each.of"the verticals
selected for the [section. The number of verticals and the
number of points on each vertical depend on the required
precision and the availability ©/of-boats and meters.
Necessary corrections have to belmade to the velocities for
the varying diregtions of flow, particularly in the presence
of a salt-water wgdge.

easurements are carried out at least for the
fide ‘'and the intervals between successive

These velocity
full duration of
measurements o
The measured velocities are then reduced to the same
instant and the flow at this instant is calculated by
multiplying the mean velocity by the cross-sectional area of
the stream.

5.2 Moving-boat method

The moving-boat method employs a modification of the
conventional current-meter measurements in the velocity-
area method of determining discharge. The method
requires no fixed installation and lends itself to the use of
alternative sites if conditions make this desirable. Necessary
corrections have to be made to the velocities for the varying
directions of flow, particularly in the presence of a
salt-water wedge.

2

otnmte_rmtmmwm_mﬂﬂ‘rre head
of the estuary, each successive reach can be consigered in
turn and the algebraic sum of the volume of seawgrd flow
at the inland end of the reach, the volume of fflow of
tributaries into the reach and the decrease-of the vdlume of
water contained in the reach will give«the volume|of flow
seaward during the specified time-interval at the crosg-section
at the seaward end of the reach: This volume divided by the
time-interval gives the discharge-at the cross-section.

6 MEASUREMENT DIFFICULTIES AND CHOICE OF
METHOD

6.1 Particulardifficulties encountered

Tidal action is the cause of a number of the possible
difficulties listed below, but it must be stressed that
someéftimes, particularly in the upstream part of the tidal
channel, this action will not cause a change in diregtion of
flow but will manifest itself in a form of pulsating [flow. In
this case, although the flow is always in the same direction,
the use of methods in ISO 748 will not be sufficient and
this International Standard will apply.

The tidal difficulties are :

a) continuous change of water levels with or without
changes in the direction of flow with time;

b} in a vertical at the same depth, continuous ariation
of the velocity with time and, at different |depths,
greater velocity gradients than in rivers with floy in the
same direction;

c) changes in the distribution of velocities with ftime;

d) during the transition period from flood cufrent to
i re is a change of direction
of current with an intermediate zero velocity;

e) the occurrence of high water and low water may not
take place at the same time as the change in the
direction of current;

f) the change in the direction of current does not take
place at the same time throughout the width and depth
of the waterway;

g) there may be stratification of flow by density
currents (a salt-water wedge) with the upper strata
flowing in one direction and the lower strata flowing in
the reverse direction, the change of direction of current
and the maximum velocity occurring at different times
at different depths;
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h) large

and rapid variations of the width and capacity

of the sections due to successive covering and uncovering
of the banks by the tide;

j) presence of

macroturbulence  {for example,

pulsations with a period of more than 30s and an

amplitud

e of up to 50 % of the mean velocity have been

measured) and seiches.

6.2 Selection of the method of measurement

It should b
considerabl
while the ¢
at more th
areas only.

The choice
determined
tidal amplit
a salt-water

number of observations at one cross-section,
bature method requires fewer observations and
n one cross-section, these being of levels and

of the method of measurement will be
by the size and the shape of the channel, by the
ide and possibly by the presence or absence of
vedge.

6.2.1 As stated in 6.1, any direct measurement of velocity

in a tidal
measuremery
flows in th
corrections
continuous
measure vel

channel is subject to greater errors than
t of flow in rivers, where the current always
e same direction. Because of this, the usual
are not completely satisfactory. Due to the
variation of the flow, it would be necessary to
pcities simultaneously and continuously and in

a large nur]:ber of verticals for an entire tidal cycle, and
1

especially i
considerablg

the case of large rivers with wide estuaries

equipment is required. This method, is

especially d]!ficult when

a) there

b) there
interfere

c) the
limits du

d) the

is a large tide range;

is a high density of traffic, which might
with the measurements;

width of the waterway. varies between wide
ring a single tide;

mean direction‘of flow changes through a

considergble angle during the ebb-tide or during the

flood-tide.
Direct measurements of velocity might be desirable for
particular feasons; for example, the study of density

currents or

thé)distribution of velocities in specific zones.

1SO 2425-1974 (E)

which are submerged during a part of the tidal cycle and

which are subject to frequent alterations;

d} if the tidal channel is interlinked with the other tidal
channels when there is generally a residual flow from

one channel to another.

7 DIRECT MEASUREMENT OF TIDAL FLOW

7.1.1 Initial survey of site

It is desirable that approximate measuremerLts of widths,

depths and velocities be made . in' 8 prelimin
decide on the suitability ofca'site conforni
possible with the conditions, given in 7.1.2 a

guide that both the longitudinal and transver
and the velocity distribution are acceptable fd

of discharge measdrement.

7.1.2 Selection of site

ry survey to

ing as far as
nd 7.1.3. It is
only intended that these-measurements sho]|

Id serve as a

e bed profiles

r the purpose

The accuracy of the determination of the digcharge by the

velacity area method is increased if :

a) the tidal cycle during which the measurement is
carried out is periodical or almost periodich! (small daily
inequality);

b) the velocities at all points, particulafly during the
period of maximum flow, are at right pngles to the
measuring section;

c) the curves of the distribution of the|velocities are
regular in the vertical and horizontal plaphes on which
they are measured;

d) the geometric dimensions of the cross{section of the
open channel are clearly defined.

Hence, the most favourable conditions

a straight reach. On this basis, therefore, th

for accurate

site shall be

measurements are to be found where the croF-section is in

selected such that, as far as possible, the req
points given in 7.1.3 are met.

6.2.2

In all other cases, it is generally better to use one of

the indirect methods of cubature that are comparatively

easy and ra

pid, particularly due to the use of the modern

electronic computer and calculator. It would, however, be
difficult to use these, and the accuracy will decrease, in the
following cases :

a) if the tide range is small;

b) if there are a large number of flat spill areas and a

irements and

7.1.3 The site selected shall comply, as far as possible,

with the following requirements :

a) the open channel at the gauging site shall be straight

and of uniform cross-section;

b) the depth of water in the selected reach shall be
sufficient to provide for the effective immersion of the

current-meters,;

large variation of the tidal volume corresponds to only a
small variation of the level of the water surface;

c) if the topography of the tidal estuary is not well
defined due to the existence of large mud or silt flats,

¢} the view from the gauging site shall be clear and
unobstructed by trees or other obstacles;

d) the bed of the reach shall not be subject to changes
during the period of measurement;
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e} all discharges shall be contained within a defined
channel or channels, or within an unobstructed
floodway having substantially stable boundaries, with
well-defined geometrical dimensions;

f} the site shall be remote from any bend or natural or
artificial obstruction if disturbance of the flow is likely
to be caused thereby;

g} the gauging site shall be kept clear of aguatic growth
during the period of measurement;

significant disturbance to velocity measurements. In such cases
velocity corrections may not be accurate and should preferably
be excluded.

b) in order to obtain information about meteorological
influences on the tides during the measurement, gauges
shall be read at the seaward end of the estuary,
preferably at a location for which tidal predictions are
available;

c) if there are cross-connecting creeks with other tidal
inlets, or if the measurement is carried out in such a

h) measuremgnt with converging, and even more so
with diverging,| flow over an oblique measuring section
shall be avoided as it is difficult to allow for the
systematic errgrs that can arise;

j) the orientation of the reach shall be such that the
direction of flgw is as closely as possible normal to that

cross-connecting creek, gauges shall be read|at the
nearest junctions on either side of the gauging, site;

d)} an additional gauging site shali be fixed at a location
above the tidal limit where ghe) stage-discharge
relationship is known, in order to determine theg upland
discharge.

of the prevaili

k) sites at w
tend to develog

wind;

ich eddies, backward flow or dead zones
shall be avoided.

Where these reqliirements cannot be met (for instance,

when in alluvial

period of measurement, or

conditions the ri
embankments), a
bed change and/q
if they cannot be
smooth as possibl
bushes and trees.

7.1.4
changes occur in
be selected for the

7.1.5 The site,
means for dem
determination of {

7.15.1 The pos
mean direction of

ivers the river bed is changing during the
when, under high-water
er is not confined to a single channel in
gauging site shall be chosen such that the
r overflow is a minimum. Flood-plains —
avoided — must be of minimum width, as
, without a distinct channel and clear of

If, after the site has been selected, unacceptable

the channel conditions, another site shall
measurements.

after selection, shall be~provided with
rcation of the cross-section and for
he stage.

tion of the cross-section, normal to the
flow, shal~be defined on the two banks

by clearly visible 3nd readily.identifiable markers.

7.1.5.2 A gauge

ot a number of gauges shall be read

throughout the mi

bastrernent-and-the-datum-of-these-gauges
- k-

7.2 Measurement of cross-sectional area
For this subject, clause’6 of ISO 748 applies with
alterations.

7.3 Measurement of velocity

7.3.1 Meastring procedure

In order to draw the total discharge curve and to ¢

velocity distribution in every vertical during at |
complete tide, that is, from one high/low water to
high/low water. The time-intervals between the su
measurements in each vertical shall be shor

the.ebb and flood volumes, it is necessary to mea%:re the

but any

bmpute

st one
e next
Ccessive
t. The

measurements shall be started and completed at lepst half

an hour before and after the tide turns in o
determine accurately the time of zero velocity.

In localities where the diurnal
observations shall continue for the entire tidal day
26 h including half an hour before the tide turns
an hour after the fifth turn of tide.

To enable an accurate tide curve to be drawn, th
level shall be read at intervals of not more than
during the whole of the period of measurement.

The measuring procedure that shall be followed d

inequality il large,

der to

that is
d half

b water
10 min

epends

largely on the existing conditions.

shall be related by precise levelling to a standard system of

levels.

The sites selected for these gauges shall comply, as far as
possible, with the following requirements :

a) a gauge shall be read at the gauging site itself. Where
there is a likelihood of a difference in the level of water
surface between the two banks, an auxiliary gauge shall
be installed on the opposite bank. This is particularly
important in the case of very wide rivers. The mean of
the measurements taken from the two gauges shall be
used as the mean level of water surface;

NOTE — When the difference in level of water surface between
two banks is very large, the lateral velocities induced may cause

a) When enough boats and measuring equipment are
available, a measuring boat shall be stationed in every
vertical, and in all verticals the velocity distributions
shall be measured simultaneously during a complete tide.

b) When a limited number of boats are available,
suitable verticals shall be located and marked with
anchored buoys. At least one boat shall remain stationed
at one reference vertical taking a series of velocity
observations during the complete period of the
measurement, and one or two boats shall move as
quickly as possible from vertical to vertical measuring
the velocity distribution in the verticals one after
another, in the same sequence with intervals of time not
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greater than 1 h in each vertical. Current velocity graphs
for each location at which observations are made shall be
inferred for the entire period of observation based on
the actually observed values.

Because all these measurements are made simultaneously
during the same tidal cycle, they require no
extrapolation to other tidal conditions. Furthermore,
reference measurements are available for interpolation at
the desired points.

c) Whe
significgntly from day to day and at least two boats are
availabl¢ for several days, one boat shall be anchored in
the middle of the flow at a so-called reference vertical,
measuripg continuously velocity distribution over the
vertical.| The other hoat shall measure one complete tide
in another vertical, the next tide in a following vertical,
and so| on, until, for every required vertical, a
measurdment of complete tide is available.

This njethod needs adjustments to standard tidal
conditigns, using measurements at the reference vertical.
A method of adjusting the observations at the
subordipate verticals in relation to the observations at
the fixefl vertical is indicated in 7.4.

d) Whgn the volume of traffic is large so that it is not
possible| to anchor a number of boats at the measuring
cross-se¢tion, a measuring boat shall be anchored at one
vertical for one complete tide during which time velocity,
distribution in the vertical is measured continuously,

This opgration shall be repeated at the same yertical for
tides of| different amplitudes and at other verticals also
for a conplete range of amplitudes.

Because| no reference verticals are available, this method
also needs adjustments as indicated n/7.4.4.

To oveljcome, to a great extént,"the difficulties caused
by pulsating flow, the following method may be applied
when a|boat is anchored at”one vertical for a complete
tide. In|the vertical, measurements using a current-meter
shall made _eortinuously by immersing several
current{meters _at\different depths. Readings of the
current{meterssare to be taken, without stopping them,
after edch.'successive period of 10 or 15 min, and the
average| is-to_be plotted against the midpoint of the

I1SO 2425-1974 (E)

the surface. If the channel is very deep, or if the local
bed profile is changing rapidily, this assumption shall not
be accepted without checking.

If the measured angle to the perpendicular is vy, then

Veorrected ~ Ymeasured €98 Y

7.3.2 Reduction of the measured velocities in the vertical
to the same instant

Owing to the rapid change of the velocities, the individual
meastrernents——the-vertiea : ed to the same
instant in order to obtain the correct veloefty distribution
over the vertical. The following procedures Ty be used.

a) The velocities shall be measured at a suitable number
of points going from the surfaceto the bofttom, and back
again to the surface. Hernce; at every point the velocity
shall be measured twice, except at th¢ lowest point
where the measurement is taken only onde. When taking
the average of the two measurements at pach point, the
correct distribution over the vertical shall be found for
the moment.of the measurement at the lowest point.

b) The velocities shall be measured at a suitable number
of points on a vertical, starting from the water surface
and ‘proceeding to the bottom. The time|of starting the
measurement on the vertical shall be npted. The time
intervals between successive measurements shall be
approximately equal. After the measufement at the
lowest point in a vertical, the surface vglocity shall be
measured a second time. All measurements shall be
reduced to the time when the first mJI;surement was
taken on the water surface of the vertical, by adding the
following correction {negative when the velocity is
increasing) :

. Vi vy M1
Correction =—— X—X|v,,
1 m i

where
vy is the first measured surface velogity;
Vir is the second measured surface v¢locity;

m; is the serial number of the point in the vertical;

period. The meter at the greatest depth may be mounted
on aswivel, supported on a tripod which rests on the
bed. The meter nearest to the surface shall be allowed to
remain at a fixed distance below the surface.

e) Since oblique flow is unavoidable, the angle of the
direction of the flow to the perpendicular to  the
cross-section shall be measured and the measured
velocity corrected. Special instruments have been
developed for measuring the angle and velocity at a
point simultaneously.

Where, however, these are not available and there is
insignificant wind, the angle of flow throughout the
vertical ma'/ be taken to be the same as that observed on

Vm,_ is the velocity to be corrected;
m s the total number of points in the vertical (see
annex A for example).
NOTES

1 It is necessary to measure the direction of flow particularly
where there is a salt-water wedge.

2 In order to speed up the measurement of the velocity
distribution in a vertical, it is better to reduce the number of
points per vertical than to diminish the measuring time in every
point of the vertical (pulsations).

3 It is generally not possible to use floats in tidal waters; when
a significant salt-water wedge is present, they shall not be used.

4 For extrapolating in the region beyond the last measuring
point, the observed velocities at points approaching the bed can
be plotted and the smooth curve passing through these points
can be extended to the bed. The velocities close to the bed can
then be read from this graph.
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7.4 Computatiol

n of discharge

Depending on the measuring procedure adopted (see 7.3.1),
the following methods may be used.

7.4.1 When th

e velocity distributions are measured

simultaneously in all verticals, it is possible to use the
methods given in 8.2 of 1SO 748, particularly the graphical
method or one of the arithmetical methods, to calculate the
discharge of the channel at the successive moments of the
measurements of _the velocity distributions in the verticals.

TABLE 1 — Adjustment for reference vertical

These values ofﬁischarge can be used to draw a discharge

curve with resp
aid of a planimd
ebb-tide (ebb-
(flood-voiume) ¢

7.4.2 When th

t to time, and from this curve, with the
ter, the total discharge during the whole
olume} and the whole flood-tide
hn be determined.

e measurements are not carried out

simultaneously, the discharge curve shall be evaluated in the

following way :

In every vertical
specified in 7.3.2

the mean velocity shall be estimated as
. A mean velocity curve against time shall

be drawn from each vertical, and from this curve the mean

velocity for every

desired moment can be read.

With the methodls mentioned in 7.4.1, the discharge at a

sufficient numb
discharge curve p

With a planimet
can be determineg

er of instants can be evaluated and a
lotted with respect to time.

br again the ebb-volume and flood-volume
d.

7.4.3 Using the reference-point method with two, boats

(see 7.3.1c)), v
discharge can be
of the relevant

hrious methods for computation of the
applied, all based on the reductijon of one
guantities to the desired tide within the

measuring period
changes signific

. When the tide is not simple harmonic, or
tly from day to day,-velocities will not

necessarily change in proportion (to" ranges alone. The
method then adopted shall be as_follows :

For the reference vertical, graphs shall be prepared showing
the variation of| the average velocity in the vertical with
time, during eadh flood-tide and ebb-tide. Values of the
average velocity |at & vertical shall be interpolated at each
interval of half an-hour before and after the time of local
high water, and for eac
plotted against the amplitude of the corresponding
flood-tide or ebb-tide.

From the series of graphs obtained, mean velocities can be
interpolated at each vertical, at a given time relative to that
of local high water for a flood-tide or ebb-tide of chosen
amplitude.

Where the tides are simple harmonic or do not change
significantly from day to day, however, a simpler method is
possible, which is to take velocities as proportional to the
tidal ranges. The adjustments for the reference vertical shall
be made as in table 1, and the adjustments for subordinate
verticals shall be made proportionally in the ratio of the
ranges.

6

Time Tide Observed Ratio of Adjusted
range velocity ranges velocity
H-1 6,0 30F 6,5/6,0 3,2
H 6.0 10F 6,5/6,0 11
H+1 6,0 0 6,5/6,0 0
H+2 7,0 10 6,5/7,0 0,9
NOTES

1 The 6,5 range, which was the average 0f a number of rgadings, is
adopted as the standard range for~tide; the range from low water to
high water being 6,0 and from high-water to low water 7,0,

2 F denotes flood-tide and £ denotes ebb-tide.

3 The figures given in the table may be in either fnetric or
foot-seconds units.

From these interpolated velocities, the spacing of the verficals, and
the depth at each)vertical, the discharge can be calculatefl for any
phase of any tide and a total discharge curve can be plotted.

7.4.4-When only one boat is available for meaurement
(see 7.3.1d}}, velocity distributions shall be melured at
one vertical at a time during a complete tidal cycle,|and this
shall be repeated for various verticals and various fanges of
tide; the value of the mean velocity from the resudlts from
each vertical at every hour or haif-hour before dnd after
high water shall be plotted against the corresponding range
of tide.

Where the tide changes significantly from day to day, graphs
shall be prepared showing the variations of average|velocity
in the vertical with time, and the mean velocity|at each
vertica! at a given time in relation to the time of Igcal high
water, for a flood-tide or ebb-tide of chosen range|shall be
assessed as shown in 7.4.3.

From these mean velocities, the spacing of the vertigals, and
the depth at each vertical, the discharge can be ¢
for any phase of any tide, by reading the graph

plotted.

7.4.5 To obtain the total discharge curve in tidal channels
when using floats, the following procedure shall be used.

From the obtained velocity distribution curve in each
panel, partial discharge curves for each panel can be
derived. Addition of these partial discharge curves gives the
total discharge curve from which, with the aid of a
planimeter, the ebb-volume and flood-volume can be
evaluated.

For the reasons given in 6.1 this would, however, give a
very approximate result only.
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7.4.6 Where proportionality of velocity to tidal range may
be assumed from day to day, however, the simpler
procedure as illustrated in table 2 may be adopted.

7.5 Additional observation to be taken preferably
simultaneously with velocity observation

Measurement of the direction and velocity of wind.

It is important to know the direction and velocity of wind.
Ordinary weather vane and anemometer shall be used for

1SO 2425-1974 (E)

9.1 Referring to the figure above, let A; A, and B, B, be
the simultaneous water surface levels at the beginning and
at the end of the time-interval, between the stations 1 and 2
along the river; that is, at the beginning of the interval the
stages at the two stations are A, and A, and at the end of
the intervat B, and B,. In the figure, the water profile has
risen, representing flooding between the two stations; the
profiles could equally as well fall representing ebbing, or
cross each other representing a transition. In the latter case,
where the profiles cross each other, the method requires
an additional station for intermediate data. If there is

this purpose to check that the wind does not affect the
velocity measurements. an upland discharge, 1t shall be measureq separately at
a station beyond the reach of the tidal*|influence. For
computing the volume of water flowing| seaward at a
8 DIRECT MEASUREMENT OF TIDAL FLOW BY THE section, the fresh-water flow over: the given time-interval
MOVING-BOAT METHOD is added to the seaward flow computed from the
) ) change in volume of the tidal prism during the same
Since the moving-boat method may be applicable in either time-interval.
steady or [unsteady flow, it is dealt with in a separate I1SO
document|(in preparation).
9.2 Computation ofithe change in the tidal vplume between
the stations is a_straightforward mensuration|process :
9 MEASUREMENT OF TIDAL FLOW BY METHOD OF
CUBATURE - Let
B, a4 ¢ be the area of water surface betiveen stations 1
. \ B and 2 at the beginning of the timp-interval;
1 2
A a'1~2 be the area of water surface betyveen stations 1
2 and 2 at the end of the time-intefval;
L1._2 be the distance between stations [| and 2;
dy, d2 be the depth of water at the bgginning of the
e/ > 77 time-interval at stations 1 and 2, respectively;
1 2 d;, dé be the depth of water at tHe end of the
FIGURE — Water profile between two gauging stations time-interval at stations 1 and 2 respectively;
TABLE 2
Vértical A, day D4 Vertical B, day D>
Ti Tide Observed Ratio of Adjusted Tide Observed Ratio of Adjusted
tme range velocity ranges velocity range velocity ranges velocity
H-1 6,0 30F 6,5/6,0 3,2 5,0 24F 6,5/5,0 3.1
H 6.0 1,0 F - 1.1 5,0 0,9 — 1,2
H+ 1 6.0 0 - 4] 5,0 0 - 0
H+ 2 7,0 1.0€ 6,5/7,0 0,9 5,8 08¢F 6,5/5,8 0.9
NOTES

1 The 6,5 range, which was the average of a number of readings, is adopted as the standard range for tide, the range from low water to high
water being 6,0 and from high water to low water 7,0 for dayD1, and these ranges being respectively 5,0 and 5,8 for day 02

2 F denotes flood-tide and £ denotes ebb-tide.

3 The figures given in the table may be in either metric or foot-second units.

4 The reduction methods given in 7.4.3 and 7.4.4 shall be applied only to the tidal portion of the observed current. All velocities in the flood
direction are considered as positive and all velocities in the ebb direction as negative, so that the sign of the result indicates whether there is net
flow in the flood or ebb direction. The reduction procedures are first applied to the tidal velocities and the corrected flood and ebb velocities

are algebraically added to the non-tidal current.

& The methods given in 7.4.3 and 7.4.4 shall not be applied when the density of the water at the measuring site varies with time, or when a
significant deviation occurs from the astronomical tide due to meteorological influences.
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by, b2 be the corresponding river widths at the
beginning of the time-interval;

b.'l, bé be the corresponding river widths at the end of
the time-intervat;

q be the upland discharge;

t be the time-interval.

Then, the change

in volume V, _,, according to Pillsbury’s

method, is given by the formula

the summation ranging from the low-water slack to the
high-water slack or vice-versa.

9.5 Typical illustrations of the use of equations (1) and
(2) are given in annexes B and C respectively. As described
in 5.3 the cubature computation will proceed from the
head of the estuary (tidal limit} to the mouth (or the
particular cross-section).

10 ERRORSIN TIDAL FLOW MEASUREMENT

—4

+a%_2x(d;—d1)+(dé—d2) AN

If the stations are
volume flowing

question is: V=
—qt.

It will be under:

correct sign must
(minus) for ebb

algebraic addition.

by dividing the g

9.3 When the
between the two
areas in the entirg

2 2

1, 2, 3... up to the tidal limit, the tidal
I/ across station 1 in the time-interval in
(V,_o T V,_5 + ... up to the tidal limit)

tood that in computing V;_, etc. the
be used, i.e. + (plus) for flooding and —
ng; in other words, the addition is an
The mean tidal discharge Q, is obtained
hange in volume by the time-interval, i.e.

—y

4
t

Qt_

river widths do not vary significantly
stations and if there are no side storage
length, the area of water surface between

the two stations dan be estimated by Kilford's method :

b, +b.

o th
M2 5L
b} +b;

' 176
=5 L

When substituted in equation (1) this-gives

Vip=

—52 by [Fby +b5HEy) () +dy=dy=d))  ...(2)

The following is a general expression of the calculation of
errors. It is to be noted that in due course,it-is hoped that
an International Standard will be available in which a
uniform approach to the calculation offuncertainties will be
provided, but in the meantime, the following may be used.

10.1 Errors in direct measurement of tidal flow

Reference is made to cladse'9 of I1SO 748. The ndgcessary
definitions and a genéeral outline on the method o¢f error

calculation are given\jn that clause. These only give the
necessary extensions for application to tidal flow
measurements.. \Estimates of the magnitude pf the

additional error components cannot be given as yet.

10.1.1\Sources of error

The" generalized form, given in 9.1.2 of 1SO 748 for
determining the discharge Q, shall be extended to read :

(bdv cos \p)

__’D
i Mlll

Qt is the discharge at one particular moment of the
tidal cycle;

@i is the mean in a vertical of the angles ¢ between
the single measured velocity and the norma! to the
cross-section.

The overall error in the tidal (ebb or flood) volume is then
composed of the following errors expressed as pefcentage
random standard errors

It will be seen that equation (2) is arithmetically simpler,
but it will be satisfactory only when the channel has a
prismoidal shape. Equation {1), on the other hand, is more
elaborate, but in general more accurate, as it takes areas
into account and does not assume uniform variation of
sections.

9.4 Determination of the volume of the tide (ebb or
flood) can be made by assigning to each time interval the
mean discharge Q, calculated as indicated in 9.2; the total
volume discharged during the entire ebb-tide or flood-tide
is:

Vin = ZQut = Z(ZV; — qt)

a) Errors in width.

b) Errors in depth, both of individual soundings and
readings of the water level.

These shall be determined having regard to 6.2.3 of
1SO 748.

NOTE — Errors originating from the variation of depth and
width with time may usually be neglected.

c} Errors in the determination of individual velocities.

These will depend on the accuracy of the apparatus, on
the technique employed (see 7.1.1, 7.1.5 and 7.2.5 of
ISO 748), on the irregularity of the velocity distribution
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with time and space, and on the magnitude of dv,/dr,
being the rate of change of the average velocity v; with
time.

NOTE — These errors occur particularly during the slack-water
period due to the limitation of the current-meter in measuring
velocities below 0,15 m/s.

d) Errors in the use of the velocity-area method,
particularly those concerned with the number of
verticals and the number of points in each vertical.

ISO 2425-1974 (E)

where m is the number of velocities measured in the
vertical.

— errors arising from insufficiencies in the applied
method (X;).

Under this heading are considered the errors mentioned
under f), g) and h) of 10.1.1, and indicated by X
XE”) and X(m) respectively. X is to be determuned
from

These rrorswill _also depend—on—the width—of the ot Lot 2 o v’nz Ly 2
" As TVAGY T T T

channel] the ratio of width and depth, and on the
method| of computation used.

e) Errgrs in the determination of the angle (in a
horizontal plane) between the single velocity vector and
the normal to the cross-section.

f) Errgrs due tc the reduction of the individual
measurgments in the vertical to the same instant.

g) Errgrs arising from interpolation to the same instant
of meah velocities in the vertical, in cases where the
velocity] distributions are not measured simultaneously.

h) Errgrs arising from the reduction of mean velocities
from orle tide to another tide.
10.1.2 /Indiividual components of errors

In 9.1.3 of 1SO 748 the following components have been
mentioned|and remain substantially the same :

— errofs in width (Xl;);
1

— errofs in depth (X;j.);
i

— errofs in the determination of local.point velocities

(X);

— errdrs in the determination-of .the mean velocities,
compoged of :

a) number of points (X' ):

b) fnean velocity \in"a vertical (X ) to be derived
from

1 e fy?2 ' 2

Each of the constituent errors in this formula may be left

out when not applicable. X islusually negligible. X(m)

may be large; this implies tl“t the methdd it arises from

should only be used if X(m) is known X('“) is to be
derived from :

, , ,dv

Xiy =% =X 3¢

X< is the error in the mean velocity v of a vertical
for which v has been determined by
interpolation;

X; is the error of time measuremgnt (percentage
error relative to the time-inferval between
measurements of verticals, |and due to
synchronization of watches, etc.|;

dv
dt

is the slope of the velocity-time qurve.

— The error arising from taking “limited number’’ of
discharge measurements during the tidall period can be
disregarded.

10.1.3 Resultant random standard error iff measurement
of flow

The percentage resultant random standard error X'O in
t

measurement of flow at time ¢ shall be calculated according
to the first equation in 9.1.4 a) of ISO 748, compieted as
follows :

c) number of verticals (X,'n),

To these components the following have to be added for
tidal flow :

— errors in the mean of the angles between the
velocity-vectors and the normal to the cross-section

(XE)‘

if X' is the error in the angle of a single velocity then
the error Xé for a vertical is to be determined from

D)
¢ m

= 3
Z [bdvcos 2 (Xt',_z+X"12+X§vz+Xé_tan23,-)J
s j i ; ; ¢

¢ 2
xXp =\ [x?+ + X,

s
(b d;v;cos w,)

The use of a simplified formula based on the second
equation in clause 9.1.4 a) of 1SO 748 is not recommended.

I M W

10.1.4 Resultant
measurement of flow

systematic standard error in

The above equations are satisfactory for estimating the
precision of the measurement but do not take account of

9
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the possibility of

systematic errors. Systematic errors which

behave as random errors shall be estimated separately and
may be combined as follows :

" o_ "2 "2 "2 12
X =X+ X0+ X + X

1 " a3 1"
where X, , X, , X; and X¢

v are the percentage

systematic standard errors in b, d, v and p respectively.

NOTE — It is a d
instruments, which
and not of systemd
measurement whic
superior instrument|

10.1.5 Combine
flow

vary randomly from instrument to instrument,
tic errors inherent in the type of instrument or
h can be eliminated or determined only if a
or improved method is available.

i standard error in the measurement of

The overall estimlate of the standard error of the discharge

will then be

This value shall
measurement of
1SO 748.

_ r 2 12
X, =Xa® *Xa

be doubled to give the tolerance on the
the discharge, as indicated in 9.1.1 of

10.1.6 Combined standard error in the determination of

the tidal (ebb or

flood) volume

If svol and SO dre, in absolute value, the standard errors-in
t

the measuremen
respectively (Sg

time-interval bet
determined

This value shal
absolute value, o
indicated in 9.1.1

ts of the tidal volume and discharge
=OtXO ), and if T is the constant
t t

veen successive moments p at'which Q, is

be doubled to give the tolerance, in
n the determination of the tidal volume, as
of 1SC~748.

10.2 Errors in
of cubature

meastrementof-tidal-flow-by-the-methed

preferably along both banks, so that water levels can be
accurately computed by interpolation to account for
discontinuities and irregularities and effects due to change
in channel width, curvatures, wind effects. Thus, for this
method, gauges shall be installed at sufficiently small
intervals, that is, in large estuaries, not more than 8 km
apart.

10.2.2 Errors in the determination of the volume of
elementary prisms

WO m S of cubatur ] T Lively in
9.2 and 9.3, it may be mentioned that ,the‘/method
described in 9.3 (Kilford’'s method) isCsimpler, but
permissible only if the river width varies uniformly petween
successive stations. With the usual form ‘of a stream where
the width is irregular, the method"” described| in 9.2
(Pillsbury’s method) would yield-more accurate reqults and
hence is preferable.

10.2.2.1 INDIVIDUAL COMPONENTS OF THE FRROR

The error in the volurme of the elementary prisms|consists
of the following individual errors :

a) error in the variation of depth (XAd-) : it|shall be
i

calculated by comparing the absolute value ot the error
with ‘the depth variation Ad; = d;- — d; between the start
andiend of the time-interval;

b) error in width (XbA) and in the distance between
sections (XL__): these two sources of errof occur
1)

]
directly only in Kilford’s method;

c) error in the area of the water surface (Xa~-) :|itis the
. . M

inaccuracy due to the curve connecting this arep to the
water level, and therefore to the topographical dlements

which have permitted its determination; this error occurs
only in Pillsbury’s method;

d) error due to the method of calculation (X.) : it is
the error that is committed while comparing thq volume
of water comprised between sections/ and j pnd the
water surfaces, at the beginning and end |of the
time-interval with a prism of simple geometrical shape.

10.2.2.2 RESULTANT RANDOM STANDARD ERROR

10.2.1 Sources of errors

Errors which affect the method of cubature are of two
kinds: in the first instance, errors occur in the
determination of the volume of each one of the elementary
prisms; they are essentially errors of measurement and
errors due to the method of calculation (see 10.2.2); at a
later stage errors occur in the determination of the flow,
which are due to the very principle and conditions of
application of the method (see 10.2.3).

The cubature method is specially suitable in the case of
rivers which have a large number of gauge stations,

10
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1 ! 1 ' ] .
If XAd,' Xb," XL//' Xail_ and Xc are, in percent, the
random standard errors due to each one of the components
listed in 10.2.2.1, the resultant random standard error

’ . . . .
XV.-' in percent, in the volume of an elementary prism is

if .
calculated as follows, whether the formula in clause 9.2 or
clause 9.3 is used :

— with Pilisbury’s method (see 9.2)

1 2 1 2 2
o ! +— r + XI
Xy, \/zxai/ %0 X
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— with Kilford’s method {see 9.3)

1 1
" - r 2 Jyt 2 Ty 2 +X72
X, \/ Ly ta%e T T

NOTE — The same mean values of X; XAd- and Xl;- are atlowed
j i i

at the different moments and in the different sections, and it is
supposed that the areas and variations in depth and widths are
respectively very slightly different between them,

1SO 2425-1974 (E)

between two consecutive computations. Care shall be
taken to see that the time interval is sufficient, but on
the other hand not excessive, to represent a close
approximation to the actual storage curve.

10.2.3.2 ERRORS CAUSED BY DENSITY CURRENTS

The cubature method would give an entirely erroneous
measure of the tidal flow in one direction when there is a
density current or where part of the flow is in one direction
and part in another, because this method measures only the

10.2.2.3 RESULTANT SYSTEMATIC
ERROR IN THE VOLUME OF THE PRISM

STANDARD
Systematid errors which behave like random errors shall be

determined separately and can be combined as follows :

— with Pitisbury’s method (see 9.2)

Xv=

— with Kilford’s method (see 9.3)

1 1
Xn - Xll2 +— 142 +_XH 2
v L 47b 27 0

where ng , X[;, XZ and Xa" are, in percent, the
systematic [standard errors on Ad, b, L and a, respectively)

NOTE — It|is a question here of systematic errors due(to the
instruments,| but which vary randomly from instrument to
instrument, [and not of systematic errors inherent in'the type of
instrument |or measurement which could be, eliminated or
determined fonly if a better apparatus or a_better method was
available.

10.2.3 Erfors in the determination.of flow

10.2.3.1 ERRORS IN TIME
a) Errgrs in time — Measurements

The accuracy of ‘this method depends on how accurately
the si}ultaneous gauge curves represent the actual

instantaneous, water profiles in the river. An error in the
simultaneous observations, i.e. a difference in time of

profile ot the water area.

10.2.3.3 ERRORS DUE TE INTERVENING
TRIBUTARIES AND BIFURCATIONS

if a tributary falls within a \cubature section, or if the
cubature section is bifurcated into more than one tidal
channel, separate computation has to be m}de at the same

intervals of time for ‘the’inlet or the outlet channel. The
area between two adjacent cubature statioms shall include
any minor tidal, tributary entering the seg¢tion, unless a
separate cubature was computed for the tribytary.

If the arms of bifurcations have direct outlets to the sea
then ‘the’ cubature method is inapplicabble below the
bifufeation.

10.2.3.4 ERRORS DUE TO TURN OF THE TIDE

The cubature method assumes that the water level at two
adjoining stations is simultaneously rising of falling. If the
water level at one of the stations is rising while at the other
station it is falling, such a reach has to be qubdivided into
two at the point of high water or low watef and the same
procedure repeated. This will introduce a subjective error of
judgement in the interpolation which can pe reduced by
repetition by more than one observer.

10.2.3.5 OVERALL RANDOM STANDAHAD ERROR IN
THE MEASUREMENT OF FLOW

According to 9.2, the mean discharge Q [during a time
interval t is equal to :

1
Q=—1V;-g

the observations, would cause an error in the
measurement of profiles. It is, therefore, desirable that
the observations at the various gauges be observed at
precisely the same times, say, at half-hourly intervals.
Automatic  recorders duly synchronised would
considerably reduce the subjective error due to
non-synchronous observations as well as ensuring that
the high-water and low-water leveis are not missed.

With visual readings the accuracy can be improved by
greater accuracy of observations.

b) Errors in time — Computations

The computation is based on series of straight line steps
of the storage curve, each step being the interval

H¥ X'Vij aﬂd—)%are,—h—percmﬂ,—rhmmom standard
errors on t, V; (calculated as in 10.2.2.2) and ¢
respectively, and if Xs' is the random standard error arising
from the insufficiencies (resulting from the errors
mentioned in 10.2.3.1 to 10.2.3.4), the overall random
standard error X'O on the measurement of discharge, in
percent, is

1 2
\/Z<?V,/> <X;2 +X(,ij"> +a*x;?
Xg =
1 2
(Edi)

12
+ X

1
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10.2.3.6 OVERALL SYSTEMATIC STANDARD ERROR
IN THE MEASUREMENT OF DISCHARGE

Systematic errors which behave like random errors shall be

determined separ

ately and can be combined as follows :

Xg =

1 2 3 3 1)
o ) e
2
(S—‘lv.. _a>

10.2.4 Combined standard error in the determination of
the tidal (ebb or flood) volume

Even though the discharge step is not necessary, in the
cubature method, to calculate the total volume of the tide,
the error in the latter is expressed more simply on the basis
of the error on the discharge.

If Syo1 and SO are, in absolute value, the standard errors in
the measurements of the volume of the tide and of the
discharge and if t is the constant time-interval between two

successive readings (see 9.4)

' s
where X, , X\,
standard errors @
respectively.

NOTE — It is a

instruments, but
instrument, and n
instrument or

determined only
available,

10.2.3.7 Cowms
MEASUREMEN]]

The overall
discharge will the

This value shall
measurement of

measurement

N T 7

and X are, in percent, the systematic
n t, V (as calculated as in 10.2.2.3) and g

huestion here of systematic errors due to the
which vary randomly from instrument to
pt of systematic errors inherent in the type of
which could be eliminated or
f a better apparatus or a better method was

NED STANDARD ERROR IN THE

F OF DISCHARGE

estimation of the standard error on the

nbe:

— + 2 12
Xo =VXg" +Xq

he doubled to obtain the tolerance on-the
the discharge as stated in 9.1.1 of 4SO 748.

Syol = 1V/Z285°

or, by using the standard errors-X| 4 and X expfessed as
percentages, and if we assume-that XO remains contant :

VZ@?
Xvol= 0 XO

These valuesishall be doubled in order to obfain the
tolerance .onsthe determination of the volume of tHe tide as
stated inn9.1.1 of ISO 748.

10:3° Cross-checking between method of direction
measurement and measurement by cubature

It is desirable, wherever practicable, to cross-check the
results of the measurements by one method agginst the
measurement of the other, i.e. between the difect and
indirect methods of measurement of tidal flow.

12
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