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A three-scale model for flow in karst conduit networks in carbonate rocks is constructed based on a reiter-
ated homogenization procedure. The first upscaling, performed from the high-fidelity flow model, is based
on a topological model reduction considering a discrete network of conduits. The subsequent macroscopiza-
tion procedure projects the reduced model into the cells of a coarse computational grid, where homogenized
equivalent properties are numerically constructed. Such a two-level upscaling gives rise to a macroscopic flow
model characterized by mass-transfer functions between the geological structures. A notable consequence of
the approach proposed herein is the appearance of a new karst index concept, based on the generalization of
the traditional Peaceman’s theory of well index, along with two skin factors. The former skin is of geometri-
cal nature, and stems from non-circular cross-section, whereas the latter captures the presence of the damage
zone arising from the presence of collapsed-breccia in the vicinity of the conduit network. Computational
simulations are obtained by discretizing the coupled 1D/3D flow model by a Mixed Multiscale Method in its
recursive form seated on a domain decomposition approach.
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