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Introduction

Drainage system

• A system by which water is drained on or in the soil to

enhance agricultural production of crops. 

Fig. Control of Groundwater by means of deep open Drains
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Benefits of Ditch Drainage system

Overcome Soil salinity

• Ponding on the surface of field and then drain out the water from 
the field

Overcome Water Logging

• Drain out water from the field
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Aim

To derive an analytical solution for the prediction of

transient seepage of ditch drainage system which is

receiving water from a ponded field which is influenced

by Source/Sink
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Objectives

• To analyze the influence of source on the ditch drainage
flow

• To analyze the influence of Sink on the ditch drainage flow

• To analyze the flow for different time values

• To Comparison of the analytical solution of the problem to
numerical solution of problem for the same hydraulic
parameters
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Formulation

Fig. Geometry of a fully penetrating ditch drainage system in homogeneous

and anisotropic soil subjected to a uniform ponding depth at the surface of the

soil
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Formulation

Parameter Notification

Spacing between the ditches L

Depth of the Ditches h

Ponding depth on the surface t₀

level of water in the left edge drain H1

level of water in the right edge drain H2
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Assumptions for flow geometry

• Soil medium is homogeneous and anisotropic

• Origin is considered at the top edge of the left hand
drain and is demarcated by point O

• The x-axis is taken as positive towards right direction
whereas the y-axis is taken to be positive in the vertically
downward direction.

• A source/ sink entity of intensity is assumed to be acting
throughout the domain.
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Analytical solution

Governing Equation

Where

Ss          Specific Storitivity

Kx         Hydraulic Conductivity in horizontal direction

Ky         Hydraulic Conductivity in vertical direction

Eq. (1)
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Boundary Conditions in flow domain
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Analytical solution

Considering the steady state condition and neglecting source/sink term, the
analytical solution to Eq. (1) using method of separation of variable (Kirkham and
Powers 1972) is given by

Where,

Eq. (2)
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Eq. (3)

ANALYTICAL SOLUTION
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Similarly we can calculate the other coefficients as below

Eq. (4)

Eq. (5)

Eq. (6)

ANALYTICAL SOLUTION
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ANALYTICAL SOLUTION
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Eq. (7)

Eq. (8)

ANALYTICAL SOLUTION
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Substituting the expression of Eq.(7) and Eq.(8) in Eq. (1)

ANALYTICAL SOLUTION
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ANALYTICAL SOLUTION
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Results and Discussion
Comparison of analytical and numerical results
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Results and Discussion
Comparison of analytical results with Barua and Alam (2013) 
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Results and Discussion
Comparison for with source and without source at t= 5 sec
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Influence of Source

RESULTS AND DISCUSSION
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Results and Discussion
Influence of Sink
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• In the proposed model an analytical solution is provided which is
obtained by using separation of variable method.

• Obtained solution is tested for the influence of source and influence
of the sink in the flow domain.

• When the influence of source is taken in consideration the hydraulic
head values in the flow domain are raised and vice versa due to
influence of sink hydraulic head values decreased.

• Comparing the proposed solution with Barua and Alam (2013)
solution is also similar.

CONCLUSION
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