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A theoretical treatment has been evolved to determine total loss by seepage
from an unlined canal section. Attempt has also been made to determine
separately secpage loss from the sides by finding the maximum seepage
intensity at the centre of the bed and multiplying the same by the side length
and the ratio /5.

1. INTRODUCTION

Determmainon of seepage losses in mngatlon channels is one of the most
complicated problems that have faced hydraulic engineers from ‘the earliest
times and that perhaps explains the little advance made therein up to recent
times. Laboratory teste seem to fail when applied to seepage losses, because
the most important factor, nature of subsoil strata, cannot be reproduced in
the laboratory. The evaluation of seepage Josses from canals with reasonable
Precision is of the utmost importance for the Punjab State as it has invariably
resulted in a rapid rise of spring levels causing acute water-logging conditions
in' canal-irrigated tracts. A fairly high percentage of water let off at the
head of a canal seeps into the subsoil through unlined canal sections, branches
and distributaries. -On an average, out of the total quantity of water that
enters & canal at the head, 17 per cent is lost by way of absorption and evapo-
ration in the main canal and branches, 8 per cent in the distributaries and
minors and 20 per oent. in the watercourses. This means that per 100 cft
-of wager received in the field, 182cfbofwatermreleasedatthehead This,

however, neads theoretmal oonﬁrmatxon
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ded'])yau (1863) and T. Higham were the earliest investigators in
this line. They, however, were oontent to know that absorption losses in the
Mﬁw?ﬁthe Upper Bari Doab Canal were 20 per cent and 12 per cent res-
ely of the discharges in the main line. Kennedy worked out abgorption
fvent rates of sinkage per hour for main line, branches, distributa-
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of wetted area were 9-75, 2-2, 3-3 and 9-4 respectively. Woods tried to
be more scientific and produced the formula
g = Cad
where g is absorption in cusecs/108, C is a constant varying from 1-2 to 1-33, a
is the reduced wetted perimeter of the channel section and d is the depth.
Later, T. Higham gave the following formula for determination of loss by
seepage in Punjab canals :
(dP}WL
108

where P = loss by seepage in cusecs for a length of canal

¢ = a constant usually taken as 3-5

d = depth of water in canal in ft

W = width of water surface in canal in ft

L = length of canal section in ft.

Measurements on some of the older canals in the Punjab gave an average
loss 8 cft/sec for each million sq ft of wetted area, which is equivalent to a
loss of 0-7 oft of water per sq ft of wetted area or a depth of loss of 8-4 in.

Wilsdon (1923) was perhaps the first to make a real atart in the scientific
investigation of this subject. His Lyallpur experiments gave a clear picture
of what actually happens in the soil when water is lost from a canal by
absorption through unsaturated soil (which has a moisture content of less
than 23 per cent) and by percolation through saturated soil (which has a
moisture content of more than 23 per cent). The term seepage losses stood
both for absorption and percolation. Incidentally, investigations by Wilsdon
proved that Wood’s formula (g = Cad) was incorrect as the absorption losses
were not at all directly proportional to depth. F. F. Haigh of the Punjab
Irrigation suggested the following formula based on observations and past
experience:

P=c

K = 50 00625 (unlined channels).

This formula was based on the usual experience that absorption losses
were found at 6 cusecs per million for a channel of 20 cusecs, and 8 cusecs
per million for a channel of 2,000 cusecs. It has since been modified as follows
in the Central Designs Office, Irrigation Works, Punjab,

K = 4-0 (o-0025

based on the correct interpretation of Haigh’s results of 14R experiments.
The above rates of seepage losses represent average loss per sq ft of
wetted perimeter. The intensity of loss is, however, maximum at the bottom
and decreases uniformly on the sides. If the intensity of loss is assumed to
vary with the square root of the depth as indicated by the results given above,
then the total seepage loss from the two side slopes is equal to 4/3 times the
length of one side slope, multiplied by the maximum intensity on the bottom.

IB
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(This has been theoretically verified in subsequent pages). For ordinary pro-
portions of bed width to depth, the error resulting by applying the average
loss per sq ft to the entire wetted perimeter to obtain the total seepage
loss will be small compared to the accuracy with which the loss can be estimated
for different materials. The values given above can, therefore, be applied
to any oross-section and the loss expressed in cubic feet per sec per mile as
below : . '

Let
A = cross-sectional area of the channel
B = bed width
D = depth

§ = average seepage intensity
§ = total seepage loss
and 6 = inclination of side to horizontal,

5280s (B +§ D cosec 0)

then 8§ = 86400
Now ' @=Vx4
and A = D(B+4D cot 8)
?—7 = A = D(B+D cot §) = DZ(%+cot 0)
or D= B ¢ }i
V(T)"— cot 0)
S = 0-0613('+"-l cosec 0) ——Q—w}*
= VT3 0% Fli oot 0)
where - §
i=7.

For lined and unlined channels, side slope of 1} to 1 and 14 to 1 is generally
taken in the Punjab.
3. THEORETICAL

Consider Zhukovsky’s function (Zhukovsky 1949-50)
0= ¢z+% = Ae""™

where W = ¢-iy, « is a parameter and A is a real constant.
Substituting the values of W, we have

. -+
i(z+iy)+i'—?—'l' = Ade *
= Ae’s/“e"'/’/“

= Ae®/%(cos /o +4 sin f/a).
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Separating the real and imaginary part, we get

;_y+g = Ae?l* oo Yle .. .. .. < (D

x+%=Ae+/“sin¢/a S ¢ )}
Substituting —y for ¢ and —2 for  in eqn (2), we find that the system
of streamlines defined by (2) is symmetrical about the y-axis.
Hence, y-axis can be taken as streamline y = 0.
Now a free surface satisfies the following conditions :

y=¢/k
and
$ = —q/2.
Thus from eqn (2) we find
cos (= ) =
or g= —(2n+1)an .. .. .. oo (3)

where 7 is an integer.

In particular, take n = 0 and by virtue of eqn (3), the free surface takes
the form

r+d = AcHl* sin o

or - -2—% = Aet71 gin % ——————(2"-|2-:)a"}
Zhm
= Ade ! .. - . - .. (4)
which has the asymptote
o= '2—10
at . Y= o0

Put y = 0 in eqn (4), then the half-width of the ditch is given by

B

.L_—-+ =3 . .. . .. (8)

Again the parametric equations of the perimeter of the ditch are given
by eqgn (2) by putting ¢ = 0, viz.

—~y = A cos J/a
+'£=Asin¢/a T )
At the bottom of the ditch, ¢ = 0,
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Hence y = —A = H where H is the maximum depth of water in the
ditech. Hence the quantity of seepage from the ditch section is found to be

q = k(B+2H) ce e .o (M

Eliminating ¢ in equa.tlons (6) and noting that A = —H, the equation
of the perimeter of the difch is

ot = -/ P2 os-l(%)_“

For velocity along the perimeter of the ditch, we have
1

VGG

o ~/ [H{"H/(B,”H)}z" 33241:;13 BrﬁzH H

where B is the surface width, H is the maximum depth of the ditch and k is
the permeability. - )

Vedernikov (1939) developed a much more direct method of solution for
determining seepage from ditches, canals, etc., of a trapezoidal section using
the method of inversion. He takes the quantity of seepage in the form

q = k(B-+AH)

I: _—

AN

and

where A is given by

4= 2 fa(x, B)—fi(a, B)/cos o .
tanonm  Jo(n/2)—fs(x, B)

Taking a series of values for « and B, he obtained the correspondence
between A and B/H as given in Fig. 1. In this figure m = cot « is the side
slope of the ditch.

Noting that the velocity at infinity equals the coefficient of permeability,
we find that the width of the flow at infinity is

= (B+A4H).

Thus for a trapezoidal section, the equipotential lines rapidly approach
the horizontal. Henoce the solution of this section may also be considered to
provide a sufficiently valid approximation for seepage into deep horizontal
filters.

4. COMPARATIVE APPLICABILITY OF TWO METHODS
First Method

In order to investigate the comparative applicability of the two methods
illustrated above, let us take the section of the ditch or canal as in Fig. 2.
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B = water surface width = 19-9 ft
H = 35 ft. .

The values of V/k at various points on the side and bed are given by the
equation

| =H |2 2xH m \
. ﬁ+[3+2H] ~ Byog °® (B+2H) .

| 4 1
k
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At

T 14
P, ¢—§ =003
Py, = 85° % = 0-96
Py, § = 80° % = 0-99
Py, § = T75° %= 1-03
P4,lll=70° %=106
. 14
@, Yy=66 53'I= 08
@1, ¥ = 60° %: 1-15
Q¥=15° 7 =130
Qo =30 =140
Qu¥=0 %= 1:70.

The average value of % = 1-17.

Wetted perimeter of the ditch = 24-4 ft.

Taking umt length of the canal section, wetted area = 24:4x1 = 24-4
sq ft.

So the total quantity of seepage through the section is given by

Vxa
k

or glk = 28°5.

=117x24-4

Second Method

Vedernikov method takes into consideration the value of A for calculation
of g/k as shown in Fig. 1. Since the graph does not give values of 4 against
values of B/H for m = cot « = 0-5, the same were extrapolated and are shown
in the same figure from which 4 was found out to be 3-24 for B/H = 570.

Hence g/k = B+AH
= 19-9+3-24X 35
= 31.8.
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It will be seen that the values of ¢/k, as caloulated by the twozmetho;is,
are very near to each other. Taking the average of these two, the quantity
of seepage is given by, say,

1 . 30-
3 =300,

Assuming k=}x10"5

300X} %1075 x 106
7= %44

= - = §:15 cusecs.

150-0
24-4

5. RATIO OF SERPAGE FROM BED AND SiDES OF A CANATL SECTION
It will be quite informative to investigate the ratio of seepage loss as it

occurs from the bed and side of a canal section. This has been calculated
from the first method which is based on Zhukovsky’s function

L. 0= iz+% = Ae®l*,

Taking the same section of the canal as before, viz.
gide length = 4-0 ft
bed width = 16-4 ft
side slope = 1V : {H.

Maximum intensity of seepage at bottom is given by
Vik = 1.7

as calculated by the equation

1

)
B4-2H B+2H = B+2H
by taking ¢ = 0 at the middle.
Also the values of seepage from the sides can be calculated by finding
the average vaJue of V/k for sides and then multiplying by the length of sides.
For the above section, the average value of V/k at the sides comes out

to be 1-01.
Seepage through both the sides comes out to be

1:01 X 8:0 = 8-08.

—
=

B RS

8-08
17x4 .

= 1-2
= 6/6.

Ratio =
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Which shows that the total seepage through both sides of a canal section is
equal to 6/5 times the maximum intensity of seepage at the bottom multiplied
by the side length. This value is taken as 4/3 by some authors which appears
somewhat on the high side. '

6. APPLICATION TO CANAL SECTIONS

The methods given above can be applied to any canal section, hydraulic
data, for which are available, to determine seepage losses on a theoretical basis.
Some of these canal sections are given in Table I. The values of total seepage

TaBLE I

Statement showing caloulations of seepage losses through the
sections of various canals and branches

Total seepage
in ¢s/108 sq £t
of wetted area

Sr. . .
T Name of canal Bec} width ]?epth Dl‘scha.rge
No. in {% - in ft in es

1, Main Branch Upper

UBD.C. .. .. 150 77 5,050 5-80
2. Sirhind Canal .. .. 230 13-4 12,625 5-90
3. Bhatinda Branch .. 135 6-3 2,786 574
4. Abohar Branch .. 84 7-85 2,493 6-10
5. Xotla Branch .. .. 114 7-0 2,415 5-90
6. Main Branch Lower

U.BD.C. .. .. 92 5.7 1,585 590
7. Xasur Branch .. .. 74 4.2 1,190 5-85
8. Subraon Branch .. 47 4-8 578 6-14

N.B.—8ide slope of each canal system has been taken as 1:1.

loss through the bed and the sides have been calculated by the application of
the relationghip

¢ = MB+4H) .

where values of A can be read against the corresponding values of m = cot
and the ratio B/H from Fig. 1.

The values of seepage losses as calculated from the above formula for
these sections are given in the same table and are found to vary from 575
to 6-156 os with an average of, say, 6 cusecs/10¢ sq ft of wetted area.

It may not be out of place to méntion here that generally seepage losses
are assumed to be of the order of 8 cusecs per 108 sq ft of wetted area which
agsumption is not proved to hold good on theoretical considerations.

&
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Also the value of seepage loss from the sides can be caloulated by finding
the maximum seepage mtenmty at the central point of the bed by taking ¢ = 0
in the formula
v 1

B 1+( i )2-— 2nl cos( mh )]if
B4-2H, B+2H B42H

and multiplying it with the side length and the ratio 6/5.
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