A wvug is a cavity much larger than the pore size.
Vugs are common in carbonate rocks.
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River basin area and closeup of caprinid fossils.
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Remark: The cm-scale vugs are connected by
narrow channels of aperture about 2 mm.

Overview of Project

Objective: Predict the average macro-scale flow.
Methodology: Use mathematical homogenization
on the micro-scale to obtain the macro-scale flow.
The Micro-Scale Governing Equations

Vuggy region: Qg

—2uV - Du+ Vp={f Stokes Equations
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Rock matriz: Qg
pKlu+Vp=f Darcy Law
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MODELING FLOW IN LARGE VUG CRETACEOUS CARBONATES
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Darcy-Stokes Interface: T' = 0825 N 08y
Ug - Vs = Ug - Vs Flux continuity
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Homogenization and the Macro-Scale Model

Suppose the domain 2 is periodic of period €Y.

Scale K and p by €2 and let € — 0.
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Theorem: The flow converges weakly to the
solution of the homogenized Darcy problem
pK 'u+4 Vp=f
V.-u=g¢q
where K is symmetric and positive definite, and
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where w;; satisfies a Darcy-Stokes system on Y.

Effective Permeability of a Layered System
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Along vug channels, K; is mostly Poiseuille flow
in the channel (h®/12£). Across vug channels,
Ko is the harmonic average of K and oc.
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Effective Permeability: Interconnected Vugs
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Effective Permeability: Isolated Vugs
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Major Conclusions

pressure

e Homogenization of the Darcy-Stokes system
converges to a Darcy system with an effective
permeability K that can be computed.

o Accurate finite element and discontinuous
Galerkin methods were developed for the
Darcy-Stokes system.

e Preliminary numerical results look promising.

Future Work

e Conduct flow and transport field experiments.

e Model the transport of tracers.

e Verify the accuracy of the macro-scale model
for full field-scale simulation.



