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PREFACE 

In alluvial rivers the phenomena of surface and sub-surface water 

interaction is very common. This complicates the routing phenomena to 

a great extent and affect the routing characteristics. 

In the present report a program developed by USGS for the situation 

described above, has been applied to flood data of river Tapti. A sensitivity 

analysis has also been made. It is concluded that the model is more suitable 

for the situation when lean flow occurs• in the stream to have significant 

storage in the aquifer in comparison to the flow in the stream and a distinct 

affect on routing. 

This report entitled 'Effect of Surface Water Ground Water Interac-

tion on Routing Characteristics' is a part of the work programme of 'Flood 

Studies Division' of this Institute. The study has been carried out by • Sh. 

Surendra Kumar, Scientist 'B' under the Guidance of Dr. S.M. Seth Scientist 

'F'. 

SATISH CHANDRA 
DIRECTOR 
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ABSTRACT 

In alluvial rivers the phenomena of water exchange between aquifer 

and stream is very common. The flow from or into the stream decreases 

or increases the quantity of water flowing in the stream which affects the 

routing process. A program has been developed by USGS for stream flow 

routing taking into account the quantity of flow from or into the stream. 

In this study this program has been applied to flood data of River Tapti 

for the reach Hathnur to Gidhade. A sensitivity analysis has also been made. 

The storage coefficient, transmissivity, wave celerity, width of the aquifer 

for finite aquifer and the retardation coefficient for the case when the aquifer 

is semi-infinite and the stream is seperated from the aquifer by a confining 

bed, should be selected very carefully for the successful application of the 

model. Further it can be concluded that the model is more suitable for the 

situation when lean flow occurs in the stream to have significant storage 

in the aquifer in comparison to the flow in the stream and a distinct effect 

on routing. 



1.0 INTRODUCTION 

For river catchments in which there is significant interconnection 

between aquifers and the rivers, a through understanding of the Way in which 

water is exchanged between the river and the underlying strata is important 

for resources planning. If the water is extracted from the aquifer, then knowl-

edge of the subsurface water flows within the catchment is also important. 

The analysis of the interaction between surface and subsurface water has 

found wide application in hydrology, hydrogeology and land reclamation viz. 

in  solving problems dealing with the use of 

water resources and with the prediction of changes in the water regime 

arising as a result of study of the ecological consequences of alterations 

in a natural water regime. 

The problem is further complicated when streamflow routing is also 

involved with the interaction between surface and subsurface waters. In 

this the stream and the aquifer both are hydraulically connected where water 

is free to leave the stream and enter the aquifer and subsequently return 

to the stream. To meet the condition of mass conservation in stream flow 

routing , it is necessary to take the bank storage discharge in to account. 

The convolution technique has been applied for the situation assuming the 

system to be linear. The stream flow routing is based on diffusion analogy. 

The streamflow routing model developed by U.S.G.S. has been designed 

to compute (0 the streamflow losses to and gains from bank storage for 

a reach between two gauging stations with streamflow record or (ii) the 

streamflow losses to and gains from bank storage and the resulting downstream 

hydrograph that may also have been influenced by wells and constant base 

flow. 

In this report the modal has been applied to flood data of River 
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Tapti for the reach between Hathnur and Gidhade where most of the part 

of the reach is alluvial. A sensitivity analysis has been made. The most import-

ant variables of the model are wave celerity, wave dispersion coefficient, 

storage coefficient, transmissivity and the width of aquifer from the stream 

when the aquifer is finite aquifer and for the case when the stream bed is 

separated from the aquifer by a confining permeable bed, the retardation 

coefficient of that. These parameters should be accurately known for the 

successful use of the model. In this report some data were available and some 

have been suitably assumed. 

The model is basically suitable to the situation when there is lean 

flow in the stream. For this case considerable effect of the interaction between 

surface and sub-surface water on routing occurs because of the comparable 

quantity of water going into or coming from the aquifer w.r.t. quantity of 

flow in the stream. 
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2.0 TERMS AND DEFINITIONS 

The terms and definitions used in this report are described as below: 

Bank Storage Discharge 

During a flood period of a stream, groundwater levels are temporarily 

raised near the channel by inflow from the stream. The volume of water so 

stored and released after the flood,is referred to as bank storage. 

Hydraulic Conductivity 

The rate at which water of prevailing kinamatic viscosity is transmitted 

through a cross-section of unit area, measured at right angles to the direction 

of flow. 

Ccinfining Bed 

Impermeable layer of soil which confines the flow Li called the conf in- 

ing bed. 

Storage Coefficient 

It is defined as the volume of water that an aquifer realeases from 

or takes into storage per unit surface area of aquifer per unit change in the 

component of head normal to that surface. 

Well Pumpage 

This is the yield from well. 

Transm ssivity 

The rate at which water of prevailing kinamatic viscosity is transmitted 

through a unit width of aquifer under a unit hydraulic gradient. 
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Aquifer 

It may be defined as a formation that contains sufficient saturated 

permeable material to yield significant quantities of water to wells and springs. 

Base Flow 

Stream flow originating from groundwater discharge is referred to 

as ground water runoff or base flow. 

Specific Retention 

It is the ratio of the volume of water soil or rock will retain after 

saturation against the force of gravity to its own volume. 



3.0 REVIEW 

The work done in the past by various researchers related with the 

subject is described in brief as below: 

Bouwer (1969) has brought together some of the advances in various 

scientific disciplines and their application to the analysis and prediction of 

sepage losses from open channels. 

Freer (1971) has developed a three-dimensional finite difference 

ni3del for the treatment of saturated-unsaturated transient flow in small non-

homogeneous anisotropic geologic basins. The uniqueness of the model lies 

in its inclusion of the unsaturated mine in a basin wide model that can also 

handle both confined and unconfined saturated aquifers under both natural 

and developed conditions. The model allows any generali md region shape and 

any configuration of time variant boundary conditions. When applied to natural 

flow systems, the model provides quantitative hydrographs of surface infiltra-

tion groundwater recharge, water table depth, and stream base flow. 

Pinder and Sauer (1971) stated that the modification of a flood wave 

due to bank storage effects can be calculated by using numerical method. 

The dynamic equations describing one-dimensional open-channel flow and the 

equation for two-dimensional transient groundwater flow has been solved 

simulatenously, coupled by an expression for flow through the wetted perimeter 

of the channel. Numerical experiments indicate that flood waves may be modi-

fied considerably by bank storage, particularly in the lower segments of a 

long reach and that the degree of modification is influenced markedly by the 

hydraulic conductivity of the aquifer. 

Keefer, T.N. anmd Mc Quivey, R.S. (1974) developed a multiple lineari- 

zation technique which offers a useful and xpensive improvement over 
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a single lineari zation technique in one-dimensional convolution flow routing. 

From 10% to 50% reduction in error in magnitude of routed flows using 

hourly input can be achieved. The authors have examined two different linear-

ization techniques, Harley's linear channel response model and the diffusion 

analogy model. They have shown that Harley's model proved difficult to apply 

to actual data because of the fixed relation between wave celerity and mean 

velocity. The further concluded that for most cases of practical interest the 

diffusion analogy will work well with multiple lineari ration. 

Keefer (1976) in his paper compared a single-input linear system model 

and a multiple-input linear system model to a finite difference model. The 

comparisons are based on the ability of the models to predict discharge at 

the down-stream end of a 24.14 km. reach of prismatic channel. Four types 

of channels and two slopes covering a wide range of conditions have been 

evaluated. The single input model compares favourably in cases where flood 

wave celerity does not vary greatly with discharge. The multiple-input model 

can be made to compare favourable in all cases. He further concluded that 

the single-input model is approximately one-sixth as costly as the finite difference 

model, and the multiple-input model is approximately one-half as costly for 

the conditions investigated. 

Rushton and Tomlinson (1979) have studied leakage between aquifers 

and rivers using an ideali zed one-dimensional problem. Various leakage mecha-

nisms have been included and the effects on heads in the aquifer and flows 

to the river are noted. Leakage has been represented by a linear coefficient, 

a non-linear coefficient and the combination of the two. It has been shown 

that base-flow recessions are effectively independent of the magnitude of 

the linear leakage coefficient. 

Vauclin, et. al. (1979) have studied transient two dimensional water 
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flow in relative to the recharge of a water table aquifer. The approach is 

based on the physics of water transfer in the complete domain defined by 

both the saturated and unsaturated a/nes of soil. The validity of the model 

has been proved by the excellent agreement between simulated and experimen-

tal results. 

Donald, et.al. (1980) stated that the aquifer contribution to a gaining 

stream can be conceptualised as having two parts; the first part is the inter-

cepted lateral flow from the water table and the second is the flow across 

the stream-bed due to differences in head between the water level in the 

stream and the aquifer below. The amount intercepted is a function of the 

geometry of the cell, but the amount due to difference in head across the 

stream-bed is largely independent of cell geometry. 

Reeder et.al. (1980 have investigated the effects of fluctuations in 

surface water depth on infiltration rates in to initially unsaturated soils by 

numerically solving the Richard's equation. They found that infiltration rates 

may increase with time in response to rapid rates of increase of water depth 

conditions under which this will occur, have also been identified. 

Akan and `1.2n (1981)have developed a physically based mathematical 

model to simulate the surface-subsurface flow system. Surf ace flow is des-

cribed by a set of one-dimensional dynamic wave equations and subsurface 

flow is assumed to be two-dimensional with potential gradients in the verti-

cal as well as the surface flow direction. Verification of the model has been 

given by comparing the numerical results with some existing analytical solu-

tions and limited available experimental results. 

Miles and Rushton (1983) have described the formation of a model 

to represent surface and subsurface flows of water for a catchment in Central 

England. They have used a finite difference model to represent ground water 



flows in an aquifer with surface water flows being represented by flow balance 

techniques. Three hydrologically significant land types have been identified 

and the model contains three components which correspond to these. The 

purpose of the model is to assess the long term water resources of the catch-

ment. The results show that it is possible to formulate a comprehensive model 

of a complete catchment, based upon measurable, physical parameters with 

the inflow of the water being calculated solely from rainfall and evapotrans-

piration estimates. 

Crebas et. al. (1984) in their paper have described en approach to 

incorporating drainage and the interaction of groundwater and open-channel 

flow in a physically-based hydrologic response model. Two classes of exchange 

have been distinguished. The first is concerned with the influence of minor 

conduits which require too much refinement to be modelled on an individual 

basis, but amulgated make an important contribution to the water budget 

on an aerial basis. The second class of exchange is direct seepage from or 

into the large waterways in which the flow is significant and is modelled 

as a distinct hydrologic process. They have outlined a number of practical 

steps to limit the data and organisation required. 

Miles (1985) has discussed the representation of flows between aquifers 

and rivers. The techniques described are suitable for regional groundwater 

flow models based on numerical techniques such as finite difference approxima-

tions. Two widely different methods of representing flows to partially penetra-

ting rivers have been compared and shown to give same results. He has investi-

gated the numerical statibility of one of the methods and demonstrated the 

effect of different depths of penetration. 

Backer and Kund zewic z (1987) have analysed the category of multilinear 
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models that embraces several approaches developed in apparently independent 

references. Multi-linear modelling is a means of describing a non-linear system 

with a set of linear models. This has been performed by distributing the inflow 

to the system (river reach) into inflows to submodels and treating these inflows 

with a family of different linear operators. The model considered by the 

authors are nearly as simple as linear models and almost as accurate as non-

linear hydrodynamical models. 

Nisiliev (1987) has given a surVey of the mathematical (quantitative) 

modelling of the interaction between surface-water and ground-water. Besides 

describing the existin6 appraoch to such modelling and the main difficulties 

in its reali zation, he has presented a brief review of the principal works on 

the subject under consideration. Further he concluded stating that when deve-

loping mathematical models of real processes describing more or less completely 

the hydrologic cycle, many external effect should be taken into account and 

a great volume of information such as hydrological and soil data, geomorpho-

logical characteristics, charater of vegetation hydrological data on the regime 

of water bodies and streams, atmospheric conditions near the ground, precipi-

tation, evaporation etc. should be analysed. 



4.0 PROBLEM DEFINITION 

Routing process is affected by the flow going in to or coming from 

the stream from or to the aquifer. This becomes significant for the lean flows. 

The objective of this study is to apply the model developed by U.S.G.S. (Land, 

1977), for stream-flow routinu taking bank storage into account to the flood 

data of River Tapti for the reach 1-lathnur to Gidhade. 
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5.0 BASIS FOR MODEL DEVELOPMENT 

The model presented. consists basically three hydrologic components, 

which are: 

Stream flow routing algorithm which applies one dimensional diffusion 

analogy and the convolution technique of Keefer (1974). 

The bank-storage discharge which is calculated analytically, uses equa-

tions for an abrupt change in stream stage and the convolution technique 

to compute the discharge from a series of abrupt changes at fixed 

time intervals. 

The stream depletion which is computed analytically. 

Convolution Process: 

Convolution is a concept basic to linear system theory. A system input 

is combined through the convolution process with a system response function 

to produce the predicted system output. In the case of routing, the system 

input is the upstream discharge, and the system output is the downstream dis-

charge. This is expressed mathematically by 

Y (x, = fY (o, t.--t.) h(z) dr ...(1) 
_es 

where, 

Y (x, 0 = the output function at some location x and time t 

Y (o, t-r) =  the input function at x = o and at time t-z; and 

h (r) = the system response function at location x. 

If the input and output are discrete numbers rather than continuous 

functions, Eq. 1 may be expressed in matrix form as: 

[Y] =  [H] 
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Y(0,1) 0 0 0 
Y(0,2) Y(0,1) 0 0 
Y(0,3) Y(0.2) Y0,2) 0 
Y(0,4) y(0.3) Y(0.2) 

 

0 Y(0,j) 
0 0 

Y(0,j-1) 
Y(0,j) 

    

    

Y(x,1) 
Y(x,2) 

h
n+1 

h
n 

Y(x,m-1 ) 
Y(x,m) 

where, 

[Y] = a column vector of system output values; 

[H] = a column vector response function and; 

[X] = an input matrix made up of Y (o,t) values. 

The physical appearance of the matrix and vectors is shown in Fig.1 
been 

and has/examined by O'Donnell(1966). 

in matrix notation; 

[X] x [H] = [Y] 

expressed in complete form: 

where, 

n = no. of response ordinates 

j = no. of inputs 

m = no. of outputs = j+n - 1 

This assumes Y (0,0 = 0 for time t< 0 and t >j 
time steps. 
Figure 1 : MATRIX CONVOLUTION 
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The convolution technique discussed above can be applied in stream 

flow routing and bank storage discharge because the systems are assumed 

to be linear. This allows superimposing individual responses to obtain a compo-

site response. The technique first requires determining the systems response 

to a single unit of. ‘put. For a single time step the observed inflow would 

be multiplied by each of he unit-response ordinates to obtain a series of cal-

culated outflow hydrographs. A composite outflow hydrograph• is obtained by 

summing the outflow values at common times. 

(i) Streamflow Routing: 

The streamf low routing theory used in this model is based on diffusion 

analogy which is described as below: 

The differential equations governing flow in a wide rectangular channel 

with no lateral inflow may be written as: 

and, 

3 (gy - q2
) 1111 

x 
 + 2y. a 2 -1-g- 

ax ?it 
y 

 (Ls 

2 

where, 

x = distance along the channel; 

= time; 

g = gravitational acceleration; 

y = depth; 

q = unit discharge; 

S
o = the channel slope, and 

C = the Che zy's discharge coefficient. 

13 

= gy
3 

(So 
C

2 
y3 



When combined, Eqs. 4 and 5 yield a highly non-linear second order 

partial differential equation. By confining the attention to a small range of 

fluctUations about a base discharge q0
, this equation can be reduced to the 

following linear form: 

2 -16 2 
 q 

(gYo- ) — 2 
x 

2 

a x 
! gz so hp 

- q _ 3gSo x u 0  b t 
t
2 

...(6) 

Three different expressions for the diffusion analogy model can be 

derived from F_qn. 6 by neglecting the last two terms on the left. All may 

be written as: 

where, 

2 
_ K 71_cl _ 

lot - • 16(
2 

...(6a) 

wave dispersion coefficient ; and 

Co = wave calerity. 

when the Froude number is less than one-half, Co may be neglected and K 

expressed as: 

K = qo/2So 

When the Froude number must be accounted for 

So 
r 1  _ F  2 

2 I  

If instead of merely neglecting terms, the kinamatic wave equation 

is used as a first approximation to the solution of Eq. 6 and an order of magni-

tude analysis is performed, then 

K  _ ( 1 F ...(9) 
- 2So 4 
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The 4 appears in the denominator to account for the neglected 

terms. Eq. 6a with K expressed as in Eq. 7 may be traced back to Hayami 

(1951). Eqn. 6a is the classic diffusion equation. The solution for a delta 

function input (the channel response function) is: 

 

1 

  

exp.[ 
_ (C

o
t _ 

x)
2 

q (x,t) 

 

• 3/2 4Kt 

K from Eq. 7 can be calculated as: 

K = Qo/(2So Wo) 

where, 

Qo = Selected base-line discharge, 

So = Channel slope, and 

Wo = average channel width at selected base line discharge. 

K is used to smooth the outflow hydrograph. Wave celerity is appro-

ximated by: 

Co = 1 
dQo 

Wo dy 

Equation (13) is applicable to one-dimensional confined flow in a 

homogeneous isotropic aquifer, and it is a good approximation for unconfined 

flow if changes in the water level are small in comparison with saturated 

thickness. 

Equation 1 used for describing convolution technique, can also be 

written by using the notations used in this sub-section as below: 

h (x,t) = (F U (x,t - d ...(14) 

or as 

h (x,t) = t F' (t) P (x,t - dz 
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where 

U (x,t) = the instantaneous unit impulse response function (T
-1

); 

P (x,t) = the unit step response of the system (dimensionless); 

F (t) = system input (the fluctuation of head at source)(L); 

-1 F'(t) = the time rate change of the system input (LT)  

The discharge into or out of the stream at x = 0 can be obtained 

by applying Darcy's law (Cooper and Rarabaugh, 1963) to equation 

(14a) 

Q P(o, t-z)  T F' (t) d ...(15) a x 

where, 

Q = the discharge per unit length of stream; 

T = aqufer tranSmissivity 

The model considered can be applied for three cases as below: 

Semi-infinite aquifer 

Finite aquifer 

Semi-infinite aquifer with a permeable confining bed covering 

the stream 

(i) Semi-infinite aquier: 

The simplest case being considered is that of a plane source in 

a semi-infinite aquifer as shown in Fig. 2 (a). The unit response function 

for this case is given by Carslow and Jaeger (1959) and can be expressed 

as: 

P (x,t) = erfc ( 

   

( 4 0( t)1/2 
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S1REAM AQUIFER 

  

/1 ///// ///171///1/////7/////////////777////wrw /7/ /77 

Case 1.— Semi-infinite aquifer 

(a) 

/ /1 / / / / /1/77777/I/UM/ 

Case 2— Finite aquifer 

/ / wititiwitimmtfttimwtiftwintitii/ifttt 

Case 3 — Semi-infinite aquifer with permeable confining bed 
separating stream and aquifer. 

FIG 2 — SELECTED STREAM AQUIFER BOUNDARY CONDITIONS. 
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where, erfc is the complementary error function. The instan-
response 

taneous unit impulse _/function can be shown by differentia-

tion with respect to time to be: 

X x
2 
 \ 

exp ( U(x,t) - 
(4 co1 3/2 4 egt 

The derivative of equation (16) with respect to 

distance for use in equation 14(a) is: 

dP (0, t) 1  ...(18) 
d x oroc t)  1/2 

(ii) Finite aquifer 

function 
The unit step responselfor the finite aquifer, 

illustrated in Fig. 2(b), appears in different forms in 

the literature. The form found by Hall and Moench (1972) 

to converge most rapidly is that given by Cooper and Rora-

baugh (1963). 

P (x,t) = 1 A 
n=1 

Sin (CX)Ekp (4'c o(t) 
( 2 n-1 ) 

where;  

c  , (2n-1) 7r/21 ; 

1 = width of the aquifer 

Differertiation of eqn. 19 with respect to time 

yields the instantaneous unit impulse response function, 

00 
U(x,t) = (2n-1) exp (-c 04t) Sin (cx) 

1 n=1 
...(20) 
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and differentiation with respect to distance yields 

dP (o t) 
a 

CO 
exp ( -c

2
o(t) dx 

n=1 

If the width of aquifer '1' is allowed to become 

fairly Ian, i.e. 0, then equation 19 to 21 will give 

the same results for the semi-infinite aquifer as do equa-

tions 16 to 18. 

(iii) Semi-infinite aquifer with a permeable confining 
bed covering the stream bed: 

The unit step response for this case illustrated 

in Fig. 2(c) can be obtained from the solution of a radiation 

boundary problem given by Carslaw and Jaeger (1959): 

P(x,t) = erfc (  
(4 DC t)1/2 

+ (y<t)) X oa X  - exp (— + ) erfc ( a 
a2 (40(t)12 

a 

...(22) 

where, 

a = retardation coefficient; 

m' K' 

m' = thickness of confining bed; 

k' = hydraulic conductivity of confining bed; 

K = hydraulic conductivity of aquifer. 

The retardation coefficient, as defined by Hantush 

(1965) , is the effective thickness of aquifer required 
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exp ( 4 t  ) U(x,t) - (00  
1,2 

a (  

to cause the same • head loss 33 the confining bed of the stream taxed. 

The implicit assumption is made that the confining bed has no storage. 

Differentiation of equation 22 wit' respect to time 

yields the instantaneous unit impulse response function. 

exp ( + ) erfc (  
a (47)  

a
2 a 

(K t)
1/2 

) ...(23) 

and, differentiation of equation 22 with respect to distance yields 

d P(o t) 1 
dx 

exp ( ) erfc ( ) ...(24) 
a 

Depletion of Stream by Wells: 

Glover and Balmer (1959) developed an analytical expre-

ssion for computing the discharge, as a function of time, from a 

stream to an aquifer resulting from pumpage of wells. The resulting 

expression for semi-infinite aquifer is: 

Where, 

q(t) =Qo  (1 - erfc (, x   )) 
t T/S 

x = distance of well frOm stream ; 

Q
o 

Well pumpage; 

q(t) = Stream depletion rate; and 

erfc = an error function, described as below: 

20 

...(25) 
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cago 
erfc (2) - e-' dt ...(26) 

z 

The approximate solution of the expression at right 

hand side of the equation 26 is: 

2 l
aop  
 -t

2 
1  

— e dt - 
4W- +.f.,+a6  z6]16 + e(z) z [ 1 +al z +a2 z2  

...(27) 
Here, 

le(Z) 1.5-Z 3 x 10-7  

Neglecting the term (z), 

1 —(28) 
erfc (Z) 

[ 1 + al  z + a2 z
2 +.....+ a6z

6
]
16 

where, 

a
1 

0.07052 30784 a2 
0.04228 20123 

a3 
0.00927 05272 a4 

0.00015 20143 

a5 
0.00027 65672 a6 

- 0.00004 30638 

The expression for error function (erfc) is from Hastings, 

Jr (1955). 

The assumption in applying equation (25) is that all 

of the pumped water would eventually reduce the stream-flow by an 

equal amount. This could result in a stream flow depletion or a 

reduction in base-flow. If some of the well's water is not at the 

stream's expense, this fraction must be subtracted from Qo 
The 

scope of this model is not to analyze the source of water to wells 

but to adjust the timing of streamflow depletion caused by wells. 
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Base Flow: 

This model is not designed to compute a base-flow com- 

ponent of stream flow. However, the base flow for the A period 

is known and reasonably constant, a constant value can be added 

to the streamflom. 
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6.0 DATA REQUIREMENT: 

For the model discussed earlier,following data are .requi-

red for the use of the model. The model calculates the bank storage 

discharge hydrograph, routes the upstream hydrograph taking into 

account the flow from the stream to aquifer or aquifer to stream 

and depletion due to wells if they exist. Data required .are grouped 

seperately for the purposes discussed above in sepprate heads as 

below: 

(A) Bank Storage Discharge: 

Discharge: 

The discharge hydrographs (preferably hourly data) at 

every section considered are required. The total number of data 

points of the discharge hydrograph will vary with the duration of 

study. 

-The base flow if available should be provided for every 

reach. 

Rating Table: 

Rating at every section of the reach considered as above 

should be available which covers the entire range of discharge. 

If there is a shift in the rating from time to time the shift data 

should also be given. 

Reach Properties: 

The channel length of the reach and alluvial length 

of the reach are required. The estimated travel time of the flood lAae 

for reach is also required: 
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(iv) Aquifer Properties: 

Aquifer characteristics for the reach are required. It 

includes transmissivity and storage coefficient. Soil retention 

factor should be provided to calculate fraction of bank storage 

retained in aquifer. This water may go to satisfy a soil moisture 

deficiency above the original water table or to plants. 

Retardation coefficient which describes the impedence to 

flow between a stream and an aquifer due ,to a permeable confining 

bed covering the stream bank, will be required for the aquifer which 

is semi-infinite and the stream is lined with permeable confining 

bed. If the aquifer is finite, the width of aquifer from stream 

to boundary is required. 

(B) Routing with Bank Storage Discharge: 

Besides the data required fo2 the case discussed above 

the following data are also required. 

(1) Channel Properties: 

Wave dispersion Coefficient: 

This describes the spreading of a hydrograph pulse from 

the upstream to downstream points of a reach. 

Wave Celerity: 

It controls the travel time between ends of a reach for 

a hydrograph pulse. 

Realistic values of the two parameters defined above should 

be provided, but the value of the wave celerity should be quite 

accurate. 
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(2) Diversion and Well Data: 

The no. of diversions or wellsif exist, should be provideci 

If the distance from the stream is less than 3. m (approx), a direct 

diversion is assumed. The rate of diversion or well pumpage (a nega-

tive value assumes withdrawal and positive value assumes recharge) 

data with their duration of working should be provided. 

25 



7.0 APPLICATION 

The model developed by USGS has been applied to River Tapti. 

A general picture pc the basin is given below: 

7.1 Description of Catchment 

7.1.1 River system aid ba3in characteristics 

Tapti is second largest river of Central India which flows 

westward and discharges into Gulf of Cambay (Arabean Sea). Tapti 

takes its origin in Multai hills in the Gavilgarh hills ranges of 

Satpura mountain in Madhya Pradesh. 

The Tapti basin extends over an area of 65, 145 sq.km. and lies 

between east longitude of 72°38' to 78°17 and north latitude 2005' 

to 20°3' situated in Deccan Plateau. The river is 724 Km long' out 

of which the reach length of 130 km is selected for the study which 

lies between Hathnur and Gidhade. 

A basin map of Tapti river is enclosed vide Fig. No. 3, 

7.1.2 Physiography of the reach 

The reach considered has rich fertile plains generally 

,-3 
black soil. The average bed slope of the reach is around 0.52 xJ0. 

7.1.3 Tributaries 

The Tapti .receives several tributaries and in the reach 

considered there are four tributaries which joins Tapti between 

Bhusaval and Gidhade. Between Hathnur and Bhusaval there is no tri-

butary. A line diagram showing these details, is given in Fig. 4. 
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7.1.4 Meteorological Conditions: 

Monsoon and rainfall: 

The average annual rainfall of the catchment of the river 

Tapti is 78.8 cm. More than 90% of rainfall occurs during South-

West monsoon from mid of June to mid of October and about 50% of 

rainfall is received in the month July and August. 

Temperature: . 

The mean minimum temperature varies from 11.1°c to 14.40c 

but the temperature below freezing point has also been recorded. 

The mean maximum temperature ranges from 38°C to 48°C. The mean 

temp. in the basin varies from 250c to 300c. 

Evaporation: 

The evaporation losses assumed for Ukai Project is 138mm/ 

year and for Upper Tapti Basin is 244 mm/year. 

As seen from the Fig. 4, most of the tributaries are joining 

at the middle or d/s of the middle of the reach Bhusaval to Gidhade. 

It is presumed that the lateral inflow contributed by the tributaries 

is joining at the middle of the above said reach. Now the reach 

Hathnur to Gidhade can be broken into three subreaches namely, 

Hathnur to Bhusaval, Bhusaval to middle of the reach Bhusaval to 

Gidhade and middle of the latter reach to Gidhade. The analysis 

has been done for reach no. 2 and 3. 

The flow data at three sections, rating curves, length 

of reach data are taken from the M.E. Thesm presented by Bhandari 

(1988). 
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Storage coefficient and transmissivity are on the basis 

of the information provided by CGWB in the surrounding area and 

rest of the data are assumed. 
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8.0 RESULTS AND DISCUSSION 

The model developed by USGS for streamflow routing with 

losses to bank storage and wells, in this study as discussed earlier 

has been applied to River Tapti for the flood occured in August 

1983. The reach selected lies between Hathnur and Gidhade. The obser-

ved data were available at Hathnur, Bhusaval and Gidhade. As seen 

from the Fig. 5 and 6 the observed and calculated hydrographs at 

Bhusaval and Gidhade are fairly matching. Though the peaks of cal-

culated hydrographs are slighthtly higher then the observed hydro-

graphs. This can be due to the assumption involved in diffusion 

analogy that the fluctuations about the selected base line discharge 

are negligible. This can be true for the case when there is lean 

flow in the stream. 

Further, a sensitivity analysis has been made The results 

are tabulated in Table-1 and are plotted in graphs (Fig. 7, 8 and 9). 

The analysis has been done for volume to bank storage, 

peak flow and travel time 

Volume of bank storage and peak of flow to bank storage are more 

sensitive to storage coeffic'iefltand transmissivity. Volume to bank 

storage is less sensitive to the retardation coefficient in case 

3 but insensitive to other parameters. Peak gf flow to bank storage 

is more sensitive to wave celerity when the value of wave celerity 

is decreased. Sul the peak is insensitive to wave dispersion coeffi-

cient. It slightly deviates only for large variation in wave disper-

sion coefficient. The peak is significantly dependent upon the retar-

dation coefficient for case-3. For finite aquifer when the width 

decreases the peak reduces rapidly but it does not change with the 
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increase in width. Travel time as seen from the Table 1 and graph 

(Fig. 9) is largely sensitive to wave celerity and wave dispersion 

coefficient only and insensitive to other parameters. With wave 

celerity and wave dispersion coefficient. the travel time changes 

inversely. The travel time is much sensitive to wave celerity than 

wave dispersion coefficient. 

The change with increase or decrease in soil retention 

factor is seen from Table 1 and graph (Fig. 10). The peak and travel 

time is not dependent upon soil retention factor. But the volume 
• 

to Bank storage increases proportionally as the storage in aquifer 

is increased with increase in soil retention factor. 

Some other runs are taken to provide wide concept of the 

phenomena. For non-route option, keeping the other parameters cons-

tant. the change in storage coefficient ,changes the pattern of bank 

effec 
storage discharge hydrograph (Fig. 11). Nowtthe /c 

t
hange or

pf 
 trans- 

missivity .on the pattern is seen from Fig. 12 . It is seen that 

the bank storage is more dependent upon storage coefficient than 

the transmissivity of the aquifer. For route option the change 

in bank storage discharge hydrograph with S and T are shown in Fig. 

13 and 14. flwnegative sign indicates the flow from stream and 

vice versa. In this case also the bank storage discharge is more 

dependent upon storage coefficient than the transmissivity of the 

aquifer. 

Some runs were taken to see the effect of well pumpage 

on the bank storage discharge. The increase or decrease in draft 

does not make any difference on bank storage discharge. But the 
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peak/volume of outflow discharge is changed correspondingly. 

The effect of the variation in parameter values is also 

seen on the peak of outflow hydrograph (See Fig.-15). The wave cele- 

rity has the most predominant effect on attenuation. The peak of 

outflow increases/decreases as the wave celerity increases/decreases. 
other 

On the/hand the wave dispersion coefficient has negliglvalethxA on 

attenuation. The peak of outflow discharge is inversely proportional 

to S and I values because of the bank storage discharge. As the 

value of S or T increases the bank storage discharge increases and 

hence the peak Of outflow decreases. For the case or finite aquifer 

the peak of outflow hydrograph is increased significantly. This 

is because of the lesser bank storage discharge. But upto ± 50% 

of variation of the width of aquifer, there is negligible change in the 

peak but as the width increases more than + 50% the peak discreases 

rapidly. As the width is further increased the finite aquifer is 

treated to be semi-infinite aquifer. For case, when the aquifer 

is semi-finite aquifer with permeable ccainuly bed separating the 

stream and the aquifer, the peak of outflow hydrograph is increased 

in comparison to the peak in semi-infinite aquifer because of the 

impedence caused by the confining bed to the flow going into the 

aquifer. Change in travel time does not affect the peak of the outflow 

hydrograph as it is calibrated in the model on the basis of the 

values of wave celerity and wave dispersion coefficient. 
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9.0 CONCLUSION 

Routing process is significantly affected by the flow 

interacted between stream and aquifer. Seeing the results discussed 

in the previous section, it can be concluded that the bank storage 

is much more dependent upon the values of storage coefficient and 

transmissivity. To apply the model in alluvial rivers particularly 

when lean flow occurs in the stream, it is necessary to have reliable 

values of these parameters because these governing parameters may 

change the sciene of the flow. As seen from Fig. 8 wave celerity 

also has significant effect on the volume of bank storage hence a 

reliable value of it should be chosen. The wave dispersion coeffi-

cient has negligiNe effect on the bank storage hence this can be within 

90% accuracy. 

The peak of the outflow hydrograph is highly dependent 

upon the wave celerity. Hence the value of the wave celerity should 

be chosen very carefully. While wave dispersion coefficient has 

negligilie effect on the peak of outflow and hence similar weightage 

can be given to the parameter. 

For finite aquifer the width of the aquifer should be 

reliable as for a larger width the finite aquifer is treated to 

be semi-infinite aquifer. 

For the case when the aquifer is semi-infinite and the 

stream is separated from the aquifer by a confining bed, the value 

of retardation coefficient should be accurate enough as the outflow 

peak/volume is affected by it proportionally. 
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The analysis presented earlier has been made using flood 

data of River Tapti. A more significant effect of the interaction 

of stream water with ground water on stream routing would 

have been seen if the model has been applied to 

the pre-monsoon (lean flow) data. In the latter case there would 

have been significant storage in the aquifer in comparison to the 

flow in the stream. 
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