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Abstract
Flow and transport in vuggy carbonates are poorly understood, especially when the vugs are interconnected over long distances.  We discuss large and small scale simulation of flow and transport in such vuggy reservoirs.  It is widely believed that the medium behaves as a Darcy system on the macro-scale.  We provide support for this model using the mathematical theory of homogenization.  At the micro-scale, the system is governed by Darcy's law in the rock matrix and Stokes' equations in the vugs, with the Beavers-Joseph-Saffman boundary condition on the interface between the two regions.  Homogenization predicts that on the macro-scale, Darcy's law holds everywhere with an effective permeability that can be readily computed.  To assess the validity of this prediction, we test it analytically, computationally, and empirically.  For the computational test, we first develop a code capable of simulating the Darcy-Stokes system in a medium with irregular and ubiquitous vugs, which allows us to simulate the micro-scale details of the flow that is otherwise difficult to determine in laboratory experiments.  We compare our computational predictions to empirical flow measurements on an outcrop sample of volume about a cubic foot with vugs up to 1 inch diameter by 5 inches long.  We also compare to a preliminary measurement from a field flow test. Transport is much more difficult to model on the macro-scale, since it is so poorly understood even on the micro-scale.  We consider micro-scale simulation of slug tracer transport through small 3-D vug systems, and compare the general behavior of tracer transport to that observed in laboratory experiments. 
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