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LIST OF SYMBOLS 

b - Width of the canal at watet surface 

b' - bottom width of the canal 

C - a constant 

c concentration of tracer at any time t 

co concentration of tracer at t equal to zero 

diameter of the bore hole 

Dw - depth to water level measured from bed level of canal at a 

distance 1 from the centre of the canal 

distance of the borehole from centre of the canal 

cross-section of the measuring volume perpendinular to the 

direction of flow 

maximum depth of water in the canal 

borehole depth below water table 

h
o piezometric head outside the borehole 

h. piezometric head inside the borehole 

coefficient of permeability 

K. - hydraulic conductivity inside the borehole 

Ko 
hydraulic conductivity of undisturbed aquifer 

1 distance from the centre of the canal at which water table is 

measured 

slope of the graph of loge  nice  vs t 

pressure 

qi 
- total inflow of water into the borehole 

total seepage loss per unit length of the canal 

q l - seepage loss occurring through bed of the canal per unit length 



radius of the borehole 

time 

V - borehole volume 

V
a 

- horizontal component of filtration velocity or Darcy velocity 

complex potential 

x,y cartesian coordinates 

a a correction factor for hydrodynamic field deformation 

unit weight of water 
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velocity potential function outside the borehole 

stream function 
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ABSTRACT 

Loss of water due to seepage from irrigation canals constitutes a 

substantial percentage of the total usable water. By the time the water 

reaches the field, it has been estimated that the seepage losses are of the 

order of 45 percent of the water supplied at the head of the canal. Of the 

'various factors which influence seepage loss from a canal, the most import-

ant are the boundary conditions of the flow domain and permeability of the 

medium. Only after a correct assessment of the coefficient of permeability 

and _boundary conditions, the seepage losses can be estimated either by num-

erical method or by analytical technique. Needless to say that it is very 

difficult to determine the insitu coefficient of permeability of the porous 

medium. In order to avoid the difficult task of estiMating the coefficient 

of permeability and the prevailing subsurface boundary conditions experime-

ntal techniques like ponding method and inflow-outflow method have been 

used for estimation of seepage losses. In recent years, tracer technique 

Ms also been used to estimate seepage loss from water bodies because of its 

comparatively easy operation in respect to other experimental methods. 

The seepage velocities at various sectionsof Deoband canal, a branch 

of Upper Ganga Canal, have been found by U.P. Irrigation Research Institute 

using nuclear tracer technique. These seepage velocities have been used 

subsequently in a formula derived by U.P.I.R.I. to estimate the seepage lo-

sses from the canal. In a study carried out at NIH,the U.P.I.R.I. formula 

used for estimating the seepage loss from tracer technique test data, has 

been rederived starting from the fundamentals. The losses estimated by the 

rederived formula using tracer technique data are found to agree with see-

page losses measured by other experimental methods. Conformal mapping ana-

lysis has also been carried out to determine seepage loss from the canal. 
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From the analysis of seepage, it is found that the losses are only taking 

place through bed of the canal and the canal banks are relatively imperv-

ious. The deviation of the observed phreatic line from the locus of the 

phreatic line obtained analytically for a homogeneous flow domain justif-

ies the above statement. 



1.0 INTRODUCTION 

Loss of water due to seepage from irrigation canals constitutes a 

substantial percentage of the total usable water. By the time the water 

reaches the field, it has been estimated that the seepage losses are of 

the order of 45 percent of the water supplied at the head of the canal. Of 

the various factors which influence seepage loss frum a canal, the most 

important are the boundary conditions of the flow domain and permeability 

of the medium. Only after a correct assessment of the coefficient of per-

meability and boundary conditions, the seepage losses can be estimated 

either by numerical method or by analytical technique. Needless to say 

that it is very difficult to determine the insitu coefficient of permea-

bility of the porous medium. In order to avoid the difficult task.of est-

imating the coefficient of permeability and the prevailing sub-surface 

boundary conditions experimental techniqueslike ponding method and inflow 

outflow method have been used for estimation of seepage losses. In recent 

years, tracer technique has also been used to estimate seepage loss from 

water bodies because of its comparatively easy operation in respect to 

other experimental methods. The temporal variation of concentration of a 

tracer is observed in a bore hole near a canal which furnishes the Darcy 

velocity of flow. Making use of the Darcy velocity and assessing the area 

of flow, seepage loss from the canal is estimated. In the present study 

estimation of seepage loss from canal by tracer technique has been analy-

sed. 



2.0 REVIEW 

Ground water flow velocity can be evaluated using Darcy's formula 

when the hydraulic gradient and the permeability are known. Using a tra-

cer it is possible to measure directly the ground water velocity. The 

method consists of injecting tracer into a well and then measuring its 

concentration decrease with time. The principle applies for any tracer. 

Compared to any other tracers radioactive isotopes are easier to be de-

tected insitu with high degree of accuracy at very low concentrations. 

The horizontal filtration velocity Va 
 of water is given by 

loge  

where V is the bore hole volume in which dilution takes place, F is the 

cross-section of the measuring volume perpendicular to the direction of 

the undisturbed ground water flow, t is the time interval between measure-

ment of concentration co 
and c, and a is a correction factor accounting 

for the distortion of the flow lines due to the presence of the borehole. 

The above expression is a particular solution of the differential equation 

describing dilution rate of the tracer. Knowing the filtration velocity, 

the seepage from water bodies can be estimated. 

The seepage losses from Ganga canal and Deoband canal( a branch 

of Upper Ganga Canal) have been determined at various sectionsusing tra-

cer technique by U.P.I.R.I. (Garg et al, 1981.  Inargava et al, 1983). 

Also the seepage losses from the minor and distributaries of Deoband 

branch system have been determined by ponding method. It is found that 

the losses per unit area of canal surface, estimated by tracer technique 

are much higher than that of the losses determined by ponding method. 
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The same discrepancy has been found while studying seepage loss from 

Salawa distributary. In the present report the formula used for estimating 

tlie seepage loss from tracer-technique-test-data has been rederived starting 

from the fundamental. The losses estimated by the corrected formula using 

tracer technique data is found to agree with seepage losses measured by 

other experimental methods. 



Vertical 

Tangent to 
phrizatic tine 
at distance d 
from canal 

3.0 PROBLEM DEFINITION 

A canal is running in an area where the ground water table is 

encountered at shallow depth. A borehole is made at a distance 

from the centre of the canal as shown in figure 1. In the borehole a 

tracer is added and its concentration is measured with respect to time. 

It is aimed to find the seepage loss from the canal making use of the 

variation of the concentration of tracer in the borehole with time. 

FIGURE 1 - IDEALIZED FLOW CONFIGURATION 



4.0 METHODOLOGY 

The following assumptions are made while deriving the formula: 

The canal is treated as a line source. 

The flow lines are radial and equipotential lines are circular. 

The porous medium at any reach has constant permeability which 

may vary from reach to reach. 

The plane of flow is normal to the canal axis. 

Let the variation of concentration of the tracer with time is mea-

sured in the vertical borehole which is located at a distance 'd' from the 

centre of the canal. Let the diameter of the borehole is D and the borehole 

is taken to a depth H below the water table. The volume of water V in 

' the borehole is equal to nD2  HA. Let c is the concentration of the tracer 

at any time t. Assuming that the water entering to the borehole is free 

from the tracer used, the mass balance for a period from t to t+pt can be 

written as: 

Total inflow of tracer to the borehole in time At = 

total outflow of tracer from the borehole in time At+ change in 

concentration of the solution in borehole x volume of solution 

in borehole. 

If qi  is the total inflow of water into the borehole in unit 

time, the mass balance equation can be written as: 

0 = qic.At + V.Ac 

or V dc 
= - dt . c 

Let the time is measured from the instant the tracer is added to 

the water in the borehole. Integrating and applying the initial condition 
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that at t=0, cc, the following expression can be derived: 

V c
o t = loge  qi  

Assuming that the distortions in the flow pattern due to presence 

of the borehole are occurring in a plane normal to borehole axis and that 

there is no distortion below the bottom of theborehole, the total flow 

rate qientering to the borehole can be approximated to (McWhorter et al, 

1975, Appendix I). 

DVq.= a Ha i 

in which 

V
a = Darcy velocity in a direction normal to the canal axis 

at larger distance from the borehole. 

a = a factor for hydrodynamic field deformation. 

The above relation has been derived on the assumptions that water 

flows with a uniform gradient at large distance from the borehole and the 

aquifer has infinite areal extent. Replacing the value of qt and V in 

equation 2, 
Lay 

a  
c
o 

71T 

Thus when logarithm of concentration is plotted at various times, 
4a V 

a. 
TrD 

Let m is the slope of the graph. Hence, 

V
a 

mwD 
—Tr 

Knowing m, the Darcy velocity Va  can be determined. Once the Darcy 

velocity is determined the seepage loss from the canal can be derived as 

(3) 

loge  

the resulting graph is a straight line with slope equal to 
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follows: 

An idealized configuration of stream lines and equipotential lines 

is shown in Figure 1. Let 6,  is the angle made by the tangent to the 

phreatic line with the vertical at the borehole. 6' can be approximately 

known by knowing positions of water table at two near-by points. In the 

absence of the borehole the water will move in the radial direction. 

Since V
a is the component of velocity along horizontal direction, the 

superficial velocity in radial direction is given by V
a  cosec 0'. 

The total segmental circular area = 2.d.6'. 

Hence the total seepage loss from the canal per unit length is 

given by 

q = 2.d.6'.cosec 6' V
a ...(6) 

Replacing V
a  by equation (5) 

n = 'IT 
.m.d.6'.cosec 0' ' 2a 

Using equation (7), the seepage loss from a canal can be determined 

after knowing the value of m from tracer studies. 



5.0 RESULTS 

The seepage loss at various chainage has been found using equation 

(7) and the tracer study data published by UP IRI,and are presented in 

Table 1. 

The accuracy of the determination of the apparent velocity by the 

point dilution method depends strongly on the value of the factor a 

The determination of this factor may be carried out experimentally. The 

disturbance around the borehole during construction will modify the per-

meability of the surrounding soil and consequently the factor a. The 

maximum value of a may be equal to 2 as obtained from McWhorter's analysis 

given in Appendix I. As reported by Gaspar with great permeabilities of 

experimental soil and apparent velocity as high as about 10 -3cm/s, the 

use of a filter bed around the borehole should reduce the factor in 

the range from .5 to 0.75 (Gaspar, 1969). The value of ahas been taken 

as 1 while calcuating seepage loss from Deoband canal. 

Conformal mapping technique can also be used (Appendix II) to 

determine seepage loss from canal provided the value of K is known 

correctly. evaluated by using conformal mapping technique at 
KH 

chainage 6.4 km from Deoband canal is found to be 3.35 (Fig.2), where 

q = the total seepage loss per unit length of canal, K = the coefficient 

of permeability and H is the maximum depth of water in the canal. 

Seepage loss calculated from tracer technique using equation (7) is 

1.1763 m3/sec/106m2. The corresponding H value is 2.319. If q' 
K 

is the part of seepage occurring through bed, it is found from conformal 

mapping that ic = 2.4948. This value is in close agreement with the 
8 
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value obtained by tracer technique. Therefore, it is argued that the 

seepage is only taking place through bed of the canal and the canal banks 

are relatively impervious. The deviation of the observed phreatic line 

from the locus of the phreatic line obtained analytically for a homogenous 

flow domain which is shown in Fig.3 justifies the above statement. 
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6.0 CONCLUSIONS 

Seepage losses from a canal have been estimated using tracer 

technique. It is found that the seepage losses estimated using tracer 

technique compare well with that estimated by conformal mapping. The 

seepage loss from Deoband canal, a branch of Upper Ganga Canal, is 

found to vary along its length from 0.3296 to 0.7782 m
3/sec/10

6m
2
. It 

is seen, in general, that the seepage losse from the canal is decreasing 

with increasing distance from the head of the canal and most of the 

seepage losses are oecurringthrougb the bed, 
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APPENDIX -I 

DISRUPTION IN FLOW PATTERN DUE TO PRESENCE OF BOREHOLE 

The presence of borehole causes a disruption in the original 

flow pattern. The actual flow pattern in a disrupted aquifer is quite 
• 

complex. It depends upon the original flow pattern, time, geometry 

of the disrupted area, the location of the'disrupted area with respect 

to aquifer boundaries, the distribution of hydraulic conductivity in 

the disturbed and undisturbed portions of the aquifer. A first approxi-

mation to the post borehole flow pattern can be derived (McWhorter et al, 

1975) by assuming that: 

the aquifer is very large in areal extent, 

the flow in the aquifer is uniform and one-dimensional at large 

distance from the borehole, 

the borehole is a disturbed zone with very high permeability 

and the flow pattern in the presence of borehole can be obtained 

as a limiting case, 

the hydraulic conductivity Ko 
 of the ndisturbed portion of the 

aquifer is a constant, 

the geometry of the distrubed portion of the aquifer is that 

of a cylinder with axis normal tile plane of the flow, and 

the flow is two-dimensional and steady. 

The distribution of piezometric head optside and inside the bore- 

hole area are given by 

V x K -K. h  = _1 (1 o 1  ) ( FF 
2 
)) 

Ko 
K +K. 2 
o 1 x +1 



( 3) 

2 12 
x +y 

) ( 
R
2 

and - 2V x 
a 

1 K
o 
+K. 

1 

respectively. In equations 1 and 2, h
o 
 is the piezometric head outside 

the borehole, hi  is the piezometric head inside the borehole, Va 
is 

the Darcy velocity in the x-direction at large distance from the bore-

hole, R is radius of the borehole, K
o 
 is the hydraulic conductivity 

outsidetheborehole,K.is the hydraulic conductivity inside the 
1 

borehole, x and y are coordinate directions with the origin at the centre 

ofthehorehole.ho
andh.hoth satisfy the Laplace equation i.e. 

2 

D
2
h
o a

2
ho 

D
2 2 
x Dy 

 

and 
2
h. a

2
h. 

1 I. 1  

Dx
2 

Dy
2 

At the periphery of the circle i.e. at x
2 
+ y

2 
= R

2
, h. = h

0
. 

Using equations 1 and 2, the velocity potential function for inside 

and outside the borehole area can be written as 

2V
a 
x 

to = V x {1 + ( o 1 
a  

K - K. 

K + K. o 1 

Using the Cauchy Heimann conditions i.e. 

and 
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(1). = K. 
1 1 

K
o 
+ K. 

1 



a* _ _ a* ...(6) 
ay ax 

where * is the stream function. 4.
1.  from equation (3) is found to 

be 

2 V K. y 
H a 1  

K K. o 
(7) 

The total quantity of flow to the borehole per unit depth is thus 

4 V K. R 
a 1  q  _ 

K + K. 
1 

In the limiting case when K. co , the quantity of flow entering 

to the borehole is given by 

q = 4 v
a 
 R 

Thus because of the disruption the normal quantity of flow 

is doubled in the disrupted zone. 
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APPENDIX II 

Dhl RMINATION OF SEEPAGE LOSS FROM DEOBAND CANAL BY CONFORMAL MAPPING 

Water table exists at shallow depth in the command area of Deoband 

canal. Therefore seepage from a canal when water table exists at shallow 

depth has been analysed by conformal mapping. An approximation to the 

canal profile is made in order to have an easy solution. In this approxi-

mation the specified canal width and depth are untouched. 

GL GL 
70car 4cicte vysek t‘exe 

h— = K Ow  

K Dw  

G co 
J co 

FIGURE II-1(a) PHYSICAL FLOW DOMAIN 

Figure II-1(a) shows a schematic crosssection of a trapezoidal 

canal in z plane. At a large distance 1 from the centre of the canal 



the water table in the aquifer is at a depth D
w 
 below the bed level of the 

canal. It is assumed that the aquifer is homogeneous, isotropic, and semi 

infinite. It is required to find the quantity of seepage and position of 

phreatic lines. 

The pertinent complex potential plane w, when w =0+ ial) is shown in 

figure II-1(b) in which *is stream function and G is the velocity poten-

tial function defined as: 

= - K( + y) + c ...(1) 

in equation 1, 

K = coefficient of permeability, 

p = pressure 

= unit weight of water 

y = elevation head and 

c = constant which has been taken to be zero. 

A 

KH KDw F 

41 
q / 2 

0 0 
q /2 

A 

II-1(b) w-PTANE 

The flow domain consists of phreatic lines which are curvilinear. 

Therefore conformal mapping can not be applied directly to the flow domain. 

One of the ways of analysing unconfined flow problem is to transform the 

11-2/6 



FIGURE II-1(c) TRUE - e PLANE 

I q/2K  

k
- b-W2K 

7 

;:  

FIGURE II-1(d) IDEALIZED - e PLANE 

FIGURE II-1(e) t-PLANE 
FIGURE - II-1 - STEPS OF MAPPING 
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flow domain in z plane to the Zhukovsky's 0  plane and subsequently apply 

conformal mapping technique. The pertinent Zhukovsky's 6 plane where 

6= Z+ i — is shown in figure II-1(c). Existence of vertical equi - 

potential lines are assumed at the distance 1 from the canal while 

drawing the 6 plane. In figure II-1(d) the idealised 8 plane has been 

shown. 

The conformal mappingof0plane to the lower half of the auxiliary 

t plane shown in figure II-1(e) is given by 

t' (t2  - c2)1/2 dt  0 = M f - 1+ -1-- 
-a (a2 t2)1/2 (t2_,)1/2 2K 

the vertices J, A, B, C, D, E, F and G being mapped onto points - co, -a, 

-1, -c, c, 1, a, 02 respectively on the real axis of t plane. M is a 

constant to be evaluated. From the relations between 6 and t planes at 

the different vertices the following relations are obtained starting from 

equations (2). 

1 - b = M I1 
...(3) 

H =MI2 

b - 2-  
2 

2K 
K 

 

b' - 

ca t 

M 1
3 

...(6) 
2K 

where, 
1 (t2  - c2)1/2  at —(7) 
-a (a2 - 

t2)1/2 
(t
2-1)1/2 

b' 



ig 
- 2 

 + KD
w 

(a
2 t2)1/2 (t2 _1)1/2   

= M' 
I;' 

-a 

di 

-c (t2 
c
2)1/2  

1 2 2 2 -1 (a - t )% 
 2  ( 1-t2)1/2  

0 
(c
2 J)1/2 

at —(9) 
-c , 2 2,1/2 2,1/2  

la - t ) (1-t ) 

The mapping of the complex potential plane w to the real axis of the 

t plane is given by 

at ...(8) 

Making use of the relations between w •and t planes at the vertices 

B and E the following relations are obtained starting from equation (10); 

- K (H + D 2 a 
 w

) = M' F  ( ' i ' ) ...(11) 
1 + a + 1 

Ft -XL- _21-a. 1 
q = K (H +Dw) 

' 2 ' 1+a ' ...(12) 
a - 1  ) 

2 'a + 1 - iq' 
Applying the condition at point c for which w = -KH 2 

the following 

expression is obtained: 2/a 

 

Dw K( Sin (14-8,) (l+c) 

-2(1+ 
) 2 (l+c)  

H F ( a-1 

  

1+a 
—(13) 

The following simplified relations are obtained making use of equations 

(3), (4), (5) , and (12): 

2/a)  
F ( 

b 2 (1 + 
H
w ) 

H _ 11.  ' a-1 
2F (  2  , a+1 

2 
 

I1 1 b - + 
H H 12 

For assumed values of a and c, and for given values of H and Dw
, the 

corresponding b and I can be obtained from equation (14) and (15) 

1 
respectively. q and q' for the calcuated cr  and 4 values can be 

obtained from equations (12) and (13). Result for particular value of — H 



-t' (t2 
a
2)1/2  

+ y) = M I  
-a (a

2 t2)1/2 (t2  -1)1/2  
(x — + ( rffi-c— — TIC 

dt 

can be obtained further using an iteration procedure. 

The locus of the phreatic lines are found as follows: 

For -a -ti l5 -1 • 

_0.6) 

For the phreatic line AB * = 2 , and 0 + Ky = 0. 

Substituting value of M from equation ()t) in equation (16) and simplifying 

_Pc =  17 1 
12 

in which 

1
7 

= 
(t2 

a2, ) dt  
2 2 % 2 % 

-a ( a - t )2  (t -1)2  

For -a .1 -t' • , relation between w and t plane is given by 

-t' iq dt ...(19) 
0 + i* = M' f + KD

w -a ( a2  -t)½
2 

( t
2 
-1)1/2 - 2 

substituing the value of M', * , and 0 = -icy in above equation and 

simplifying 

) F(Sin
-11/

{
(1 +a) (a-t') , a - 1 

a + 1 
1+ 

Hw ) 
(a-1) ( a +t') 

...(20) 

in which 

F ( is elliptic integral of first kind. 

For an assumed value of t', the 

 

and the corresponding 

 

for the phreatic line can be obtained from equations(17)and(20) 

respectiVely. 
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