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Fluid flow and reactive transport in porous and fractured media control many critical 
hydrologic processes from groundwater flows to hyporheic flows. However, predicting 
flow and transport in hydrologic systems is challenging due to the multi-scale 
heterogeneity that is ubiquitous in porous and fractured media. I will start by presenting 
various research projects that I have conducted to improve the predictability of fluid flow 
and mass transport in porous and fractured media. The examples span multiple scales: 
pore- to fracture- to field-scale (Figure).  
In addition to the multi-scale heterogeneity, a wide range of flow regimes, from laminar 
to turbulent flows, occur in hydrologic systems, exerting additional challenges. For 
example, vortex flows in fractures and rivers may exert dominant control over solute 
transport and reaction. While the existence of vortices in hydrologic systems is well 
known, the effects of vortices on transport and reaction remains poorly understood. My 
research group recently investigated the effects of vortices on transport and reaction in 
hydrologic systems: from fracture flows to hyporheic flows to stream flows. Our results 
point to a heretofore unrecognized link between vortex flows and reactive transport in 
hydrologic systems.  
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