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Abstract
This revisit of the stream-aquifer problem is based on a recent flux-based Green element formulation which offers more
accurate solutions than previous formulations presented in Taigbenu (2003). Its accuracy also surpasses those provided by
finite element and finite difference methods using grids that are coarser. As in all Green element formulations, the current
formulation is predicated on the singular boundary integral theory that is implemented in an element-by-element fashion.
What is new in the current formulation is that it calculates the fluxes at all nodes and not only at external nodes. While this
approach exhibits much improved accuracy, its drawback lies with handling an increased number of unknowns. This drawback is, however, compensated for by the fewer elements required to achieve accuracies comparable to other conventional
numerical methods. In this paper, it is demonstrated that with between 20% and 30% of elements used in finite element
and finite difference models, comparable accuracy is achieved with this formulation. The main significance of the current computational technique is that it preserves the flux calculations in a manner that is consistent with the stream-aquifer
interaction problem.
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Introduction
While the estimation of stream-aquifer fluxes continues to
attract the attention of hydrologists who understand that the
fluxes are different manifestations of a unitary water system
(the hydrological cycle), arid and semi-arid areas present the
most critical areas where the fluxes are the life-line of streams
and rivers (Butterworth et al., 1999). The traditional approach
to estimating these fluxes is through classical hydrological
methodology of hydrograph separation using the distinguishing characteristics in time scales between surface runoff and
baseflow (Chow et al., 1988). The baseflow, comprising interflow and groundwater contribution to the adjoining stream, can
be related to the hydraulic conductivity of the adjoining aquifer
and the interface characteristics between the aquifer and the
surface water body, although most published works rarely
explicitly provide this linkage (Hughes et al., 2003; Priest and
Clarke, 2003; Smakhtin, 2001). The second approach that is
sometimes followed calculates the fluxes from the solution of
the flow differential equation (the Laplacian) and explicitly
incorporates the non-linear free-surface equation (Bear, 1979).
This approach, referred to as the hydrodynamic one, best
approximates the aquifer-streamflow problem, but is rarely
followed because of the difficulties associated with its solution process (affecting the non-linear free surface condition
of which the free surface is part of the solution that is sought)
and the fact that available field hydrogeological data, which are
usually depth-averaged, are not sufficiently detailed enough to
support it. The few solutions of the hydrodynamic model have
been carried out on a 2-D vertical section of the aquifer and
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stream, and assumed that variation of fluxes in the stream-wise
direction is negligibly small. The earliest solution of the 2-D
hydrodynamic model was based on the Hele-Shaw apparatus
which served a useful purpose of providing a physical realisation of the stream-aquifer interaction problem (Ibrahim and
Brutsaert, 1965; Rochester and Kriz, 1968). Attempts have also
been made to solve the 2-D hydrodynamic model by analytical techniques for idealised aquifer parameters and geometries
in which the region is of infinite extent (Jeng et al., 2005a; b;
Serrano, 2003; Teo et al., 2003; Schmitz and Edenhofer, 2000;
Parlange and Brutsaert, 1987). The analytical solutions are
of limited application and can rarely be extended to aquifer
geometries that are finite and irregular or cases where the aquifer is heterogeneous. It is these limitations that are overcome
by numerical methods of which the boundary-conforming
formulation of the boundary element method (BEM) has shown
a lot of promise, especially in its ability to track the moving
free-surface (Liggett and Liu, 1983; Dillon and Liggett, 1983).
A recent solution by the finite difference method has been
carried out by Singh and Jaiswal (2006), who incorporated the
effect of recharge and depth-dependent evapotranspiration on
the water table fluctuation.
Because aquifers generally have large lateral dimensions
in relation to the water table elevation, the hydrodynamic flow
equations can be depth-averaged so that the modelling is simplified. This is generally referred to as the hydraulic approach
which is most widely pursued in addressing the stream-aquifer
problem, and provides reliable estimates of the interaction
fluxes except at interfaces of the stream and aquifer where
significant gradients of the water table occur. It incorporates
the Dupuit-Forchheimer approximation, neglects flow velocities
in the vertical direction, and effectively assumes the nonexistence of a seepage face at the interface between the stream
and the aquifer. Apart from the computational simplification
achieved by the approach, hydrogeological field data are readily
obtained to support it, and in addition regional groundwater
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