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ABSTRACT

The transient drainage for two layered soil, when the initial water level in the ditches was at
interface of the layers has been studied. The flow system in the layered soils has been described
by Boussinesq’s equation in the form of the Girinsky potential. The analytical solutions were
derived to describerise and decline of water table in response to time varying replenishment rate
for linearly decreasing replenishment rate. The Laplace transformation was used to obtain the
solution with initial and boundary conditions. The two layered drainage problem was aso
investigated on a simulated vertical Hele-Shaw model for the validation of theoretical solutions.
The comparison of results of observed and computed water table at mid point was found to bein
good agreement for the entire duration of the experimentsfor linearly decreasing replenishment
rate. From the comparison, it was also revealed that the solution for layered soil gave more
accurate results as compared to homogeneous soil with weighted average hydraulic conductivity
(WAHC). Hence, the proposed solutions can be used for the design of drainage system or flow
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through the aquifer of two layered soil.
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ost of the drainage theories availablein literature

attempt to describe water table behaviour in
responseto uniform percolation related to flat lands have
been developed by obtaining the solution of partial
differential equations derived by Boussinesq’s equation
(1877, 1904), which is based on Dupuit-Forchheimer
assumptions and potential theory. Massland (1959)
analysed the problem of water tablefluctuation in response
to constant recharge, intermittent constant recharge and
intermittent instantaneous recharge. Sewa Ram and
Chauhan (1987 aand b) obtained transient solutions for
water tablerisein adoping aquifer receivingtimevarying
recharge and lying between two parallel ditchesreaching
up to impermeabl e layer. The solution was obtained for
linearly decreasing repleni shment rate with time.

Many investigators such as Chiengand Uziak (1991),
Sharmaet al. (1991), Kumar and Chauhan (1999), Sharma
et al. (2000) presented analytical solutions for steady or
unsteady state condition of layered soil. Some earlier cited
workers also conducted experiments on Hele-Shaw
model to verify their theoretical investigations. Khan et
al., 1989 and Kumar, 1998.

Thus, the obj ective of the present paper isto develop
analytical solution for unsteady state rise and decline of
water table under linearly decreasi ng replenishment rate
for two layered soil, when the initial water level in the
interface of layers.

Problem formulation:

The assumptions considered for formulating the
mathematical problem are given bel ow:

— Thesoil consi stsof two layersthat are unconfined,
homogeneous and i sotropi ¢ within themsel ves.

— Thephreatic surfaceliesover aflat impermeable
bed.

— Dupuit-Forchheimer assumptionsarevalid.

— Thegeneralized Boussinesq equationisvalid for
adtratified aquifer.

— Thedrainage system consists of equally spaced
open ditch drain reaching upto impervious|ayer.

—The initial water table isath fort=0and 0O<x<
L.

The flow system in the drains under unsteady state
condition is taking place due to variable repleni shment
rate. The Boussinesq’s equation for unsteady state flow,
intheform of Girinsky potential iswritten asbel ow:

o Ka (2)

where,
R = Recharge rate per unit surface area
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