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Abstract: Unconsolidated sandstone gas reservoirs have complex gas and water distribution and migration relationships, and the effective
production of their natural gas reserves is restricted by the pore structure characteristics and in-situ wetting behaviors of reservoir rocks
and the properties of gas—water interface. Particularly, the accurate evaluation of reservoir pore structures and in-situ wettability is of
great significance for the water control and efficient development of gas reservoirs. In order to overcome the shortcomings of traditional
methods in accuracy and scale, this paper precisely characterizes the pore structures in unconsolidated gas reservoirs by using the
persistent topology analysis and the 3D CT nondestructive imaging technology. Then, the wettability mechanism on the pore scale is
expanded by applying the Gauss—Bonnet theorem of topology geometry, the in-situ wettability evaluation method is innovated, and the
influential mechanisms of two-phase wetting behaviors on gas and water occurrence and distribution laws are systematically researched.
Finally, a new method for evaluating reservoir characteristics of unconsolidated sand stone gas reservoirs based on topology analysis is
proposed. And the following research results are obtained. First, the results of persistent topology analysis comprehensively and precisely
characterize the pore structures and physical properties (high porosity and high permeability) of unconsolidated sandstone reservoirs, and
verify the applicability of this method. Second, the new wettability evaluation method based on topology geometry can quantitatively
characterize the in-situ wettability of reservoir rocks with an error less than 6%, and its accuracy is about 11% higher than that by the
traditional method. Third, in a strong water-wet condition, gas generally exists in large pores, and a few isolated gas bubbles lie in small
pores. In oil-wet condition, most of the formation water exists in large pores, so dominant flow pathways are formed quite easily, which
leads to water breakthrough at the initial stage of gas reservoir development. In conclusion, the new evaluation method can quickly and
accurately identify and characterize the pore structure and in-situ wettability of reservoir rocks, which has important theoretical and
engineering significance for promoting the advancement of reservoir characterization technologies, predicting the migration ability of
natural gas in unconsolidated sandstone gas reservoirs and enhancing the water control and stable production of gas reservoirs.
Keywords: Unconsolidated sandstone; Pore structure; Wettability; Topology analysis; Physical property evaluation; Natural gas reservoir;
Interfacial behavior; Multiphase flow
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