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Water and contaminants moving through the vadose zone are often subject to a large
number of simultaneous physical and chemical nonequilibrium processes. Traditional
modeling tools for describing flow and transport in soils either do not consider
nonequilibrium processes at all, or consider them only separately. By contrast, a wide range
of nonequilibrium flow and transport modeling approaches are currently available in the
latest versions of the HYDRUS software packages. The formulations range from classical
models simulating uniform flow and transport, to relatively traditional mobile-immobile
water physical and two-site chemical nonequilibrium models, to more complex dual-
permeability models that consider both physical and chemical nonequilibrium. In this paper
we briefly review recent applications of the HYDRUS models that used these nonequilibrium
features to simulate nonequilibrium water flow (water storage in immobile domains and/or
preferential water flow in structured soils with macropores and other preferential flow
pathways), and transport of solutes (pesticides and other organic compounds) and particles
(colloids, bacteria and viruses) in the vadose zone.
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