Model for Assessing Surface Water

A Flathematical Groundwater Flow

and Groundwater Interaction for a Partially Penetrating Stream

10 Introduc t1on

A mathematical groundwater flow model ha= been described here
to fand the =xchange of flow between a partially penetrating river
and a homogeneous infinite aguifer. The model takes dinto account
the changes= in river stage ,and effect of pumping well. Given the
values of aguifer parameters, the transmissivity and the storage
coefficient, the s=aturated thichknes=s below the river bed,
saturated thaichkness far away from the river, the perimeter of the
YavEeTr Pl et 0 thie mode | L oan perentdac i the e hange flow rate
between the aguifer and the river reaches consequent to passage of
a single or several succecscsive floods and pumping by several
wells,
2.0 Statement of the Problem

A echematic section of a partaially penetrataing river in  a
homogeneous and isotropic aguifer of intinite areal extent 1is
shown in Fig.l, The aguifer is initially at rest condition. Due to
passage of a flood, the river stages change with time. The changes
are identical over a long reach of the river. Some wells also
start wathdrawing water from the aguaifer. It is reqguired to find
the recharge from the river to the aquifer and the flow  from the

anuifer to the river after the recescion of the flood.
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Analysis

The following assumptions are made for the analysis:

1) fhe flow in the aguifer 1s in horizontal direction and

twe dimensional Boussinesq s equation governs the flow
in the aquifer.
The time parameter 1is discrete. Within each time
step,the river stage, and the exchange flow rate
between the river and the aguifer are separate constants
but they very from step to step.

iity -The exchange of flow between the river and the aquifer
iz linearly proportional to the difference in the
potentials at the river boundary and in the aquifer
below the river bed.

Since the governing differential equation is linear the

method of superposition and proportionality are valid.

fhe differential equation which governs the flow in the

drawdown in the piezometric surface, T = transmissivity of the

aquifer, and & = storage coefficient of the aqgquifer.

The agquifer being initially at rest condition, the

initial condition to be satisfied is :

s5(x,0) = 0O

The boundary conditions to be satisfied are:

s( mw ,t) = O, and at the river aquifer interface exchange of
flow takes place which depends on Lhe potenbtial difference
between the river and the aquifer

Let the time parameter be discretised by uniform time steps.
Each time step may be 1 hour, one day or two weeks. It is assumed
that the exchange flow rate within a time step is constant but 1t
varies from step to step.Also it is assumed that pumping rate at a

well is constant within a time step but varies from step to step.
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The stream 1% divided into a number of reach=s. The stream
stage TN a veach within a time step 1s also assumed to be constant
but the =s=tage in a reach varies with time step.

lLet us consider the rth reach. The flow from the aguifer to
the rth reach is given by

G, (n) = I Lo (n=5_(n)) ' (2)
in which Fr is the reach transmissivity or(n) = stage of the
stream reath measured from a high datum, Sr(n) is the depth to
piezometric surface measured from the same high datum. The reach

transmissivity 1s given by

r =L T O-Swp“fm?_. (3)

r i e(0.5e+4b)
in which Wp is the wetted perimeter ,e is the thickness of the
aquifer below the river bed ,b is the width of the river at the
water surface, Lr is the reach length.cr(n) iz th2 stream stage
which 1s known from observation of the stage.

At any time Sr(n) is given by

Sr(n) = sr(n) + SO (4)
in which qr(n) 15 the drawdown measured from the initially rest
water table position. SD is the depth to the piezometric surface
below the stream when the stream and the aquifer were at rest
condition.

s (n) is given by

|

s (n) =

T

()& (n—p—1)

I r
. z Gﬁ(y)érﬁ(n—y+1) : (3)
porfl gl S e

qp(y) is the pumping rate at the pthwe]l during time step . There

. ] I 3
are P number of wells, BP(T) is the flow to the pt1 reach during
time wiep 3  and there are R number of reaches which are

hydraulically connected with the aguifer and are receiving water

from the aguifer. The di=screte pumping kernel i1s g:ven by
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inwWwhich

T = transmissivity per unit time step ,
¥ = T'/(ft' ’
¢ = storage coefficient ,

rrp
El(m): exponential integral
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Equation (Z) now can be written as:

P n
ﬂr_(ﬂ,‘ = r‘“[:_‘;r(;-'l {SD+ B by q::{;-A'};f‘:J ) ‘:ﬂ—),fl—] ]
e T p.—'_l }/:1 r I
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= distance between the pth pumping well and the r

(6)

reach,

(7)

)12y ydr
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¥ A p)S. Anepa))d] (9)
& W

f-

@ (p) are unknown for all gz and all 3 value.
o
Splitting the temporal cummation inte two parts, one part

e
containing the summation up to {n*])t time step and the other part

Belul, tt
containing the n T term ’

] R P n
FA b oindt 3L Gﬂ(n)é_ﬂ(])= ur(ni—{SD+ E 0 q arJ(n—r+1)
T r 2= | i i 5 p=1 =1 B
R n-1
A F @ kG (nepl) ) (10)
p=t p=t F  TF
t h t
Let the r'h reach, (r+l)t reach and (r—11} i reach be
hydraulically connected,and no exchange of flow takes place
through other reaches. Hence,
; 1 " s .
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Writing the esequation for the !r_l)th reach
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n—1

LB ) & o e 2 (1.4 )
(r+l(} rrbl.rmi(n Pp+1)
r=l, =
7 = ; X th 1
Similarly the equation for the (r+1) reach 1is
1 p
. e ¥ y + [ )& ) 4+ 0 *
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B g $98, g oy 1) 3 (13)
)‘--.:.'.l
From eguation 11,12,17 the three unknown Grmlin), Gr(n),
Dr+l(n), can be solved simultanecusly In  succession starting
n—1
from the first time step. For n=1 the terms T 0 (ybé> (n=p»+1)=0,
f {2} \
=i '

Thus the flow contributed to each reach rcan be estimated.
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