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Abstract: A three-dimensional visualized real-time pore-scale physical simulation of natural gas charging , in-situ pore-scale computation,
pore network modelling, and apparent permeability evaluation theory were used to investigate laws of gas and water flow and distribution,
and controlling factors during the gas charging process in low-permeability (tight) sandstone reservoir. By describing features of
pore-scale gas-water flow and distribution and the variations, it is found that the gas charging in the low permeability (tight) sandstone
can be divided into two stages, expansion stage and stable stage. In the expansion stage, the gas flows continuously first into large-sized
pores then small-sized pores, and first into centers of the pores then edges of pores; pores more than 20 pm in radius make up the basic
framework of gas charging pathway. With the increase of charging pressure, mobile water in the edges of large-sized pores and in the
centers of small pores is displaced out successively. Pores 20-50 pum in radius and pores less than 20 pm in radius dominate the expansion
of gas charging channels at different stages of charging in turn, leading to reductions in the average pore-throat radius, throat length, and

coordination numbers of the pathway. Increase of gas saturation mainly occur in the expansion stage, when pores 30-50 pum in radius
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control the increase pattern of gas saturation. In the stable stage, gas charging pathways have expanded to the maximum, so the pathways
keeps stable in average pore-throat radius, throat length, and coordination number, only irreducible water remains in the pore system, the
gas phase is in concentrated clusters, while the water phase in the form of dispersed thin film, and the gas saturation and apparent
permeability tend stable. Connected pores less than 20 um in radius control the expansion limit of the charging pathways, the formation
of stable gas-water distribution, and the maximum gas saturation. The heterogeneity of connected pore-throats affects the dynamic
variations of gas phase charging and microscopic gas-water distribution. It can be concluded that the pore-throat configuration and
heterogeneity of the micro-nanometer pore system control the dynamic variations of the low-permeability (tight) sandstone gas charging
process and gas-water distribution features.

Key words: low permeability (tight) sandstone; gas charging; three-dimensional visualization; pore-scale physical simulation;

micro-nanometer pore network; gas and water flow and distribution
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