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Fig.5 Contact angle curves of nano-scale relative

permeability modifiers and tablets with different

mass fraction
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Fig.6 Schematic diagram of contact angle between
different mass fraction of nano-scale relative permeability
modifiers and tablet pressing
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Fig.7 Surface morphology of carbonate rock before and after treatment with phase permeability regulator
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Fig.8 Variation of pressure difference at both ends of core with volume of injected liquid during water flooding
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Fig.9 Variation of pressure difference at both ends of cores with volume of injected liquid during oil flooding
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Table 1 Changes of absolute permeability of oil-water phase before and after core treatment with

different mass fractions of nano-scalerelative permeability modifiers
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Fig. 10 Effect of nano-scale relative permeability modifiers on relative permeability of rock oil-water phase
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Numerical modeling for coupled hydro-mechanical processes in
fractured-vuggy carbonate reservoirs
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Abstract: Many fractured-vuggy carbonate oil reservoirs have been found around the world, which have significant contribu-
tions to the oil and gas reserves. The storage and transport spaces of such reservoirs mainly consist of pores, fractures and cavi-
ties, with dimensions ranging from micrometers to meters, which can result in coupling of porous flow and free fluid flow in the
reservoir. The depths of theses reservoirs in Northwest China are over 5300 m. Therefore, the geo-mechanical effects need to
be considered. In this study, a novel hydro-mechanical model based on the discrete fracture-vug model was developed. The
hydro-mechanical coupling process was described by using Biot's equations within the porous matrix and Stokes equations within
the vugs, and an extended Beavers-Joseph-Saffman boundary condition on the porous-fluid interface was applied. The corre-
sponding numerical scheme based on a finite element method was proposed. The classical Galerkin finite element method was

used for discretizing the Biot equations, and the Taylor-Hood mixed element method was applied to the free fluid flow region.
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Several numerical examples were designed to validate the proposed model and to demonstrate the computational procedure for e-

valuation of the hydro-mechanical behaviors of the fractured-vuggy carbonate reservoirs. The simulation results show that a cavi-

ty can be considered as an equal-potential flow region due to a faster propagation of the pressure within the cavity than that in

the porous flow region. During the depletion production, mechanical failure of rock matrix can occur around the factures' tips

and cavities' boundary area, and high fluid pressure is beneficial to avoid the collapse of the cavities and the closure of the frac-

tures. Therefore, effective pressure maintenance during production of the fractured-vuggy carbonate reservoirs is recommended.

Keywords : fractured-vuggy carbonate reservoirs; coupling porous-free-flow; hydro-mechanical coupling; discrete fracture-

vug model ; numerical simulation
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