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Investigation on Change of Pore Pressure
Due to Pumping of Groundwater
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ABSTRACT

Due to the decrement of the pore pressure as resulted from the pumping of the
groundwater from a saturated aquifer, confined between two weakly leaking stratum, it is

assumed that the movement of the groundwater is restricted in a horizontal plane only
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while the leaking through the strata is limited in a vertical direction only. The decay of
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the pore pressure in the saturated aquifer is then described by a diffusion equation with
two extra terms, the constant term representing the pumping discharge while the linear
term denoting the decaying rate of the pore pressure. In addition, it is further assumed
that the land subsidence is exclusively caused by a vertical settlement in the saturated
aquifer. Based on the relationship between the decrement of the pore pressure and that
of the relative thickness of the aquifer, the amount of the land subsidence can
consequently and indirectly be determined. Analytical solutions, as constructed from
the Green function, are referred to the change of the pore pressure and present a
functional relationship amoung four iterms: the dimensionless pore pressure decrement,
the dimensionless spatial coordinate, the diffusion parameter and the decay parameter, the
later two iterms relating to the time. In the cartesian coordinate, analytical solutions, as
integrated directly from the governing equation, are entirely composed of the error
function. On the other hand, in the polar coordinate the governing equation can only be
integral partially, and be simplified further to end up with an improper integral with an
integrand consisting with the zeroth order and the first order of the Bessel functions. It
is meaningful only if the value of the dimensionless pore pressure decrement as predicted
by the analytical solution is greater than zero. It is found that analytical solutions will
present oscillation if the value of the dimensionless pore pressure decrement is less than
1.0E-09 regardless of the coordinate systems. However, the oscillation of the analytical
solution will not stifle applying the analytical solution on some other related fields, since
the value of 1.0E-09 is too small. The presence of the negative value for the
dimensionless pore pressure decrement is inevitable. In the cartesian coordinate system
it is due to the negative operation in the analytical solutions, while in the cylindrical
coordinate system it is originated from the characteristics of the Bessel functions.
Ranges of numberical calculation of analytical solutions are 0.001, 0.01, 0.1 and 1 for
values of the diffusion parameter, while for the decay parameter three values are used, i.e.,

0.0001, 0.001 and 0.01.

Keywords: Groundwater, Land subsidence, Pore pressure.
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