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Chapter 07.00C 
Physical Problem for Integration
Civil Engineering

Problem Statement
In a class X528 well in New York State, you are asked to find if the concentration of benzene is below the toxicity level of 
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 at a distance of 
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 from the point of contamination.  The contamination at the source is constant at
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 for a whole year.

Solution
The equations governing transport of groundwater contaminant are quite complex.  They depend on several parameters such as “the molecular diffusion of the contaminant, physical and chemical isotropy of the medium, and actual direction of the groundwater flow” [1].


Here we consider that the groundwater is flowing in one-direction, 
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 and the aquifer has isotropic and homogeneous physical and chemical characteristics.  In that case, the governing equation [2] for the concentration 
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where
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= velocity of ground water flow in the 
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To solve this partial differential equation (1) [3], we use Laplace transforms.  Applying Laplace transform to both sides on the variable 
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where
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Since the initial concentration is zero,
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Equation (2) becomes
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This is a homogenous ordinary differential equation.  It is linear with fixed coefficients.  The characteristics equation of the above ordinary differential equation (3) is
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The homogeneous as well as the complete solution of Equation (3) is
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At 
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At 
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Let
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Then Equation (7) becomes
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Using the formulas
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Then from 
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Using Equation (10), Equation (8) becomes
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Substituting back
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The velocity of the ground flow, 
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where
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So in the formula for concentration given by Equation (12), substituting 
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the concentration of benzene after 1 year at a distance of 
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As you can see to calculate the concentration of benzene at 
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So to find whether the concentration of benzene is below toxicity level, we need to find the integral numerically.

QUESTIONS
1. What is the concentration of benzene after 2 years?

2. After 1 year, at what distance does the concentration go below the toxicity level of 0.5 mg/L? 
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