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Introduction

The management of human activities in areas characterized by
environmentally sensitive lakes and wetlands is problematic, especially
where groundwaters are contaminated. Groundwater capture and release
zones for surface water bodies (Townley & Davidson 1988) are
important for water resource managers, and have recently been studied
for two-dimensional (Nield et al. 1994, Smith 1999) and three-
dimensional (Townley & Trefry 2000) lake-aquifer systems.

Figure 1. Aerial photograph of lake systems in a semi-urban setting.
Photo of Lake Yangebup, 20 km south of Perth, Western Australia, look-
ing north-west to the Indian Ocean.

Here these shallow lake results are extended to cases where the lakes
have half-ellipsoidal geometry, i.e. elliptical intersection with the ground
surface and variable depth profiles.

Capture Zones for Ellipsoidal Lakes

Figure 2 shows a schematic of a lake-aquifer system and symmetric
capture/release zones where regional groundwater flow is aligned with
the x axis. Capture zone width (w) and depth (d) parameters are of
interest. The lake ellipsoid is centered at coordinates (x.y,z) = (0,0,0) and
has semi-axes (a,b,c). The mirror plane at z = 0 corresponds to a
horizontal water table, which is an approximation to a gently sloping
water table with zero vertical recharge. Regional throughflow is

Figure 2. Schematic half-ellipsoidal lake-aquifer system, showing symmet-
ric capture and release zones. The lakebed is drawn as a hatched surface.
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assumed to be more significant than local recharge. The aquifer half-
space is assumed to be fully saturated, uniform, homogeneous and
isotropic. A discussion of these assumptions is found in Townley &
Trefry (2000). Trefry & Townley (1998) derived an analytical potential
for steady flow near embedded ellipsoids from earlier results (Lamb
1945, Carslaw & Jaeger 1959). This system is analogous to that of
Figure 2. Using this potential, aggregations of flow paths calculated via
particle tracking techniques give the 3D capture/release zone diagrams
of Figure 3.

Figure 3. Symmetric capture/release zone for two half-ellipsoidal lakes
with semiaxes (a,b,c) = (1,2,3) (left) and (2,1,1/3) (right). Lengths are in
arbitrary units.

Figure 4 shows a family of transition curves, representing capture/
release zone widths and depths, determined using the approach of Trefry
& Townley (1998). Problem symmetry ensures that the same curves may
be used for both w and d merely by interchanging b and ¢ values. The
curves map the evolution of the capture zone parameters as the lake
ellipsoid varies over wide ranges of shape and orientation with respect
to regional flow. Full algorithm details are available on request. The
capture/release zone transition curves provide water resource managers
with a simple means of mapping results from groundwater flow regime
theory for restricted lake geometries to more realistic three-dimensional
lake-aquifer systems.
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Figure 4. Transition curves for reduced widths (w-b)/a versus log, c/a for
indicated values of b/a, or for reduced depths (d-c)/a versus log  b/a for
indicated values of c/a.

References

Carslaw, H.S. & Jaeger, J.C. 1959. Conduction of Heat in Solids, 2" Edition, Oxford: Oxford University Press. pp. 427-428.

Lamb, H. 1945. Hydrodynamics, 6" Edition. New York: Dover. pp. 152-153.

Nield, S.P, Townley, L.R. & Barr, A.D. 1994. A framework for quantitative analysis of surface water — groundwater interaction: Flow
geometry in a vertical section. Water Resources Research 30(8):2461-2475.

Smith, A.J. 1999. Periodic forcing of surface water — groundwater interaction: Modelling in vertical section. PhD Thesis, Murdoch
University, Perth, Western Australia.

Townley, L.R. & Davidson, M.R. 1988. Definition of a capture zone for shallow water table lakes. Journal of Hydrology 104:53-76.

Townley, L.R. & Trefry, M.G. 2000. Surface water — groundwater interaction near shallow circular lakes: Flow geometry in three
dimensions. Water Resources Research 36(4):935-949.

Trefry, M.G. & Townley, L.R. 1998. Laplace flow near an ellipsoidal conductor. Computers in Physics 12(5):503-511.

Contact Details
Mike Trefry: CSIRO Land and Water, Private Bag No. 5, PO Wembley WA 6913, Australia. E-mail mike.trefry@per.clw.csiro.au
Lloyd Townley: Townley & Associates Pty Ltd, PO Box 425, Claremont WA 6910, Australia. E-mail LTownley@Townley.com.au



