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Introduction

When the need arises for correction to the wetline souading obt

discharge measurement, the recommended procedure is't6 consult airli
correction tables, using the observed angle of entry of the wetline and
depth.

Hitherto, the recommended tables to be consdlted have been those basg

of F.C. Shenehon (see [1] and [2]). This Technical Report presents the t

a'l'ned during a

e and wetline
the observed

d on the work
eory and pro-

cedures for the use of an alternative set'of tables based on the work of the Ministry of

Water Resources and Electric Power.0f the People’s Republic of China.

his alternative

procedure requires further technical/studies after which it will be included in a future
edition of 1ISO 748. This Technical Report should be treated as an accepjtable basis for
such further studies.

Shenehon’s work, carfied out prior to 1900, is reported in [1]. The fu|l tables and a
synopsis of the methodology and thinking behind the tables are contained in [2]. The

tables given in.|80 748 are an abbreviated version only.

Since a futtre edition of 1ISO 748 will contain both sets of tables to ena
decide which set is more appropriate to the case in hand, a short des
Sheriehon method is given before presentation of the more recs
methodology of the People’s Republic of China.

The principle of Shenehon’s method is as follows.

“The method depends on an elementary principle of mechanics: if a kng

ble the user to
Cription of the
nt alternative

wn horizontal

force is applied to a weight suspended on a cord, the cord takes a posftion of rest at

some angle with the vertical, and the tangent of the vertical angle of th
to the horizontal force divided by the vertical force due to the weight

b cord is equal
If several ad-

ditional horizontal and vertical forces are applied to the cord, the tangeft of the angle

of the cord above any point is equal to a summation of the horizontal for
point, divided by a summation of the vertical forces below the point.

In applying the above principle to conditions of measurements of dep

Ces below that

ths of flowing

water it is assumed that with a properly designed sounding weight [the horizontal
pressure on the weight in the comparatively still water near the bpttom can be

neglected. The distribution of total horizontal water pressure along the sounding line is
made in accordance with the variation of velocity from surface to bottom. The excess
in length of the curved line over the vertical depth is the sum of the products of each
tenth of depth and the exsecants of the corresponding angles derived for each tenth of
depth by means of the tangent relation of the forces acting below any point. "’

Advice to the user of this method is also given in [2]:

“The following points concerning the method for determining the vertical depth of
water from the wet-line depth and vertical angle of the line at or above the surface
should be kept in mind by users of the method: —

1. The weight and line are such that the weight will go to the bottom despite the
force of the water.
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2. The sounding is made when the weight is at the bottom but entirely supported

by the

line.

3. Horizontal pressure on the weight when in the sounding position is neglected.

4. The table is general, not for any particular line or wire or sounding weight, pro-
vided they are designed so as to offer little resistance to the current, as the ver-
tical angle is a function of the resistance offered by the line and weight.”

The approach in the method of the People’s Republic of China outlined below differs in
a number of respects from that of the Shenehon method, notably in the following
ways.

a) Thec
the river b

tention that the horizontal pressure on the sounding weight at rest on
is negligible and can be ignored is disputed. The pressure can be quite

considerable, particularly in shallow swift-flowing streams. The Chinese method
takes such|horizontal pressure on the sounding weight into consideration.

b) The taples are specific in allowing for different weights.

c) Thee
accompan

ects of horizontal pressure on the current meter, sounding line and any
ing signal cable are allowed for.

d) The taples are specific in that they allow for different diameters of sounding

lines in usd.
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Measurement of liquid flow in open channels —
Determination of the wetline correction

1 Scope

This TecHnical Report provides an alternative to the procedure
given in 180 748 : 1979, annex C, for the determination of the

wetline cgrrection.

2 Normative reference

The folloving standard contains provisions which, through
reference|in this text, constitute provisions of this Technical
Report. At the time of publication, the edition indicated was
valid. All| standards are subject to revision, and parties to
agreements based on this Technical Report are encouraged to
investigate the possibility of applying the most recent edition of
the standprd indicated below. Members of IEC and ISO main-

tain registers of currently valid International Standards.

ISO 748 :|11979, Liquid flow measurement in open channels) —

Velocity-drea methods.

3 Theoretical considerations

3.1 Determination of the wetlingé correction, AW

The equalion for the determination of the wetline correction,

AW, is obtained using figure(l-

For any element E(, ) of the'sounding line taken as a free body,

the following equatiens(may be derived.

Px+2x_g_)£

Go| - dy

(1)

P is the velocity distribution parameter;

n is the relative depth:

'721
H

where H is‘therwater depth.
H
_ ks 2 P
P, = K Td Sy vf,dy = K1V0H[(1 -~ ?(1 —713)]
. (3)
where

K{ is the resistance coefficient of the sounding line;

K, is the impulsive coefficient of the sound|ng line;

0N |y

E(xy)

where

P, is the impulsive force on the sounding line;
Q, is the impulsive force on the sounding weight;

Gq is the weight of the sounding weight in water.
vy =voN 1= Pn2

where
vy is the velocity at point E;

vo is the velocity at the water surface;

y ! —

S S

G,

Figure 1 — The forces acting on the sounding line
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o/g = 102kg-s2-m~-4

where ¢ is

the density of water;

d is the diameter of the sounding line.

Since H is an unknown guantity, the wetline correction, AW,
can be calculated using an empirical solution of equation (9):

The results of this solution are listed in tables 4, 5 and 6.

3.2 Determination of the impulsive parameter,

From equation (5), the impulsive parameter, 8, depends on the

ro/g
QX=K2—2—QVE{=K2V%(1——P) ... (4)
where
Ké is therresistance-coefficient-of-the-sounding-weight;
K, is the|impulsive coefficient of the sounding weight;
Q s the|frontal area of the sounding weight;
vy s the|velocity at the river bed.
K3
- 22 . (5
K, (5)
where £ is the impulsive parameter.
Substituting ¢quations (3), (4) and (5) into equation (1), one

obtains the fdllowing equation:

dx  Kq %H P B
_=__1_)___1_.3+__ 1-P) ...
dy do 1-n 3( n3) H( ) (6a)

When n = 0, :—; = tan 6, where 0 is the oblique angle.

Then one obt]

hins, on the basis of equation (6a), the following

~. . (6b)

equation :
KiviH | tan 6
Go P\ B

Substituting 4
following equ

(1 —?) ﬁ“ - P)

equation (6b) into equation (6a), one obtains the
ation :

P
— —n2
"(' 3")

(1—£)+£(1—P)
3 ) H

tan 6 ... (6)

areas follows:

The other eqrations for the determination of the wetline cor-

rection, AW,

selection of impulsive coefficients for the soundingl line, K,
and for the sounding weight, K,. From equations {3) and (4),
these coefficients are:

K1=K1'Q7/gd o)
olg
Ko = K; 5 2 L. 2)

From equation (11), when the resistance coefficient of the
sounding line, K1', is constant, K is proportional to d] Two sets
of field tests, with, 112 trials in each set, were carried out to
determine K -

a) with'signal cable;

bh>~without signal cable.

The tests were carried out with sounding lines of diameters
4 mm, 5,4 mm, 7,4 mm and 9,2 mm at velocities| between
1,03 m/s and 3,04 m/s. The final results are shown {n table 1,
i.e.

1 mean = 1.5 (without signal cable);

1mean = 1,7 (with signal cable).

The signal cable is attached to the sounding line witlh movable
retaining rings at intervals of about 0,1 m.

The empirical values derived from equation (11) for {he coeffi-
cient K are as follows:

K, = 0,076 5 d (without signal cable) .. (13a)

K; = 0,084 7 d (with signal cable) .. (13b)

From equation (12), the impulsive coefficient of the|sounding

LH:HS

1 2
1+(ﬂ)dn )
0 dy

where Ly, is the length of the wetline,

AW =Ly—-H ... (8
AW 1

Ky=—=1-

H= T, 1 (9

1
dx |2
1+|—) d

where K\, is the correction coefficient.

weight, K, is proportional to the frontal area of the sounding
weight, Q, or to the square of the maximum diameter of the
sounding weight, D,,,,. For a given density and shape of
sounding weight, its weight in water, G, is proportional to
D3 Thus equation (12) can be rewritten as follows:

K, = Ky G213 ... (14)
The coefficient K is determined by experiment. Using sound-
ing weights of 35 kg to 375 kg at velocities between 0,75 m/s
and 4,25 m/s and an angle of entry varying between 10° and
40°, field tests consisting of 74 trials were carried out

to obtain values of K. If the quantity % is plotted against v
0
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Table 1 — Test results for the determination of the resistance coefficient
of the sounding line, K,

Diameter of the sounding Resistance coefficient of the sounding line, K'1
line, d
mm without signal cable with signal cable
4 1,58 1,87
5,4 1,54 1,7
7.4 1,5 1,68
9,2 1,38 1,55
mean mean
1,5 1,7

as shown|in figure 2, the empirical equation for the impulsive

coefficien|

Ky =

If equati
equation

the sound

for 8 bec

3.3 De

paramet

The velod

coefficien

t of the sounding weight, K, is obtained:

0,031 G3/3 ... (18)

ns (13a) or (13b) and (15) are substituted into
5), and, for convenience, converting the weight of

ing weight in water, G, to thatin air, G, the equation
bmes :

G2/3

4 —— (with signal cable)

7 ... (18)

G2/3
3 = (without signal cable) .. (17)

hding weight is made of iron, the equation becomes :

G2/3

7 ... (18)

termination of the velocity distribution
er, P

ity distribution parameter, P, varies with the Chezy
t, C. For values’of'C ranging from 40 to 60, P = 0,6.

Yangtze Basin, as shown in table 2, the mean value of Pis 0,6,

On the b?is of the obsérved data collected from stations in the
which cofrelates with the value stated above.

3.4 Examination of the wetline correction, AW

In order to examine the reliability of equations (7
tests were made at the Xichang, Cuntan and Ba
the Yangtze Basin in/1958. The depth H was m

and (8), field
he stations in
pasured using

an echo sounder, observing at the same time thqg length of the

sounding line, Lgy“The measured wetline corr
from equatiod A8) is compared with the comput
AW, from.équation (10). The relation between A

bction, AW/,
bd correction,
W and AWis

shown infigure 3. The mean error in the depth is + 0,8 %.

Table 3.shows the range of data used for the
wetling corrections.

field tests of

The wetline correction equation suggested is baTd on the ac-

tual force on the sounding line, and the paramete
based on measured and experimental data. The
the random relative error is less than = 1 % and ¢

s selected are
result is that
he systematic

error is zero. The method accounts for various dimensions of

suspension equipment. The measuring accurac
sured for angles of entry from the vertical up to

4 Development and use of the work

4.1 The correction coefficient, K}, is compute
solution of equation (9). The wetline correction,
computed using equation (10). The results are
tables 4, 5 and 6. The range of parameters is as

y will be en-
30°.

ing tables

i by empirical

AW, is then
presented in
follows :

P =06
f =1t0b
H=1Tmto30m

o A0

Table 2 — Test results for the determination of the
velocity distribution parameter, P

Station Velocity distribution parameter, P
Baihe 0,6
Xiangyang 0,65
Yichang 0,59
Cuntan 0,59
Xinchang 0,58
Hankou 0,61
mean
0,6

=410 30

4.2 To use the tables at a station, the value of 8 is computed
from equations (16), (17) or (18), according to the weight of the
sounding weight in air, G, in kilograms, and the sounding line
diameter, d, in millimetres, which are in use at the station. The
value of f may be rounded up to the nearest whole number
which is then used to select the appropriate table, i.e. 4, 5 or 6.
From the selected table the wetline correction, AW, can be
obtained from the length of measured wetline and the angle of
entry. If the same sounding line and weight are always used at
a station, S will be constant, and only one table is necessary for
that station. If various lines and weights are used at different
times, then different tables will be applicable for the ap-
propriate dimensions of sounding lines and weights.
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Table 3 — Examination of the wetline correction, AW
Weight of soundin . .
Depth, H wgight in air, G 9 Velocity, v Oblique angle, 6
m kg m/s degrees
22,3 to 30 40 to 200 3to4,5 35 to 60
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