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Quantification of water and solute movement in the unsaturated soil and the vadose zone is important for predicting
amount and quality of ground and surface waters. Such predictions are limited by effects of spatial heterogeneity
in the unsaturated zone, e.g., by initiation of preferential and lateral flow processes in the subsurface. In this pre-
sentation, simulation studies of flow and transport in contrasting heterogeneous substrates and complex settings
are reported. Simulations are all based either on either detailed knowledge or the generation of the subsurface
structures. Models of the subsurface structure have been developed for large unsaturated overburden spoil piles
that are typical in post-coal mining landscapes. 3D spatial structures were generated for constructed hydrolog-
ical catchment and for small agricultural watershed and hillslope soils. Simulations reveal that identifying and
parameterizing the most critical structures is the key for capturing the overall effects. Subscale structures that may
account for local non-equilibrium conditions and preferential flow could be included by appropriate upscaling of
the smaller-scale heterogeneities in the macroscopic scale model approaches.



