Chaotic Advection, Spreading, and Contaminant Degradation Reactions in Porous Media
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In situ remediation of contaminated groundwater promotes degradation reactions between the contaminant and chemical or biological amendments that are introduced into the contaminated aquifer.  Reactions occur at the fluid interface between the contaminated groundwater and the treatment solution containing the amendments.  Because the rate of degradation reactions is limited by transport to this fluid interface, spreading the treatment solution throughout the contaminated area leads to faster and more spatially extensive remediation by reducing the effective transport distance.  Chaotic advection has been shown to lead to optimal spreading, particularly in the neighborhood of stable and unstable manifolds associated with hyperbolic periodic points.  We investigate the chaotic behavior of transient flows created with a four-well system in which wells are operated sequentially as either injection wells or extraction wells.  In particular, we identify the periodic points and their associated manifolds, and we evaluate their influence on spreading of the treatment solution and on the rate and spatial extent of degradation reactions.   

