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Summary. Proper modeling of physical and chemical processes involved in subsurface transport of reactive solutes involves quantification of uncertainty about hydraulic and transport properties of porous media.  This is because subsurface environments are inherently heterogeneous on multiple scales and typically under-characterized by data. We consider advective-reactive solute transport in porous media while treating relevant properties, e.g., hydraulic conductivity and kinetic rate constant as random fields. This renders nonlinear advection-reaction transport equations stochastic.

We derive a deterministic equation for the probability density function (PDF) of the concentration of a solute that undergoes heterogeneous reactions, e.g., precipitation or dissolution. The derivation treats exactly (without linearization) the reactive term in the transport equation but requires a closure, such as a Large-Eddy-Diffusivity approximation used in the present analysis. While the general form of the PDF equation accounts for uncertainty in (randomness of) both flow velocity and kinetic rate constants, we explore its accuracy on computational examples that ignore the former source of uncertainty. 
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