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Abstract: Water-sealed gas in fractured gas reservoirs seriously affects the production capacity of gas wells. Reducing the pressure in
fractures by lowering the bottomhole pressure to create a large matrix—fracture pressure differential is an important unsealing technique.
Nonetheless, the factors influencing the unsealing process remain unclear. In this paper, experiments on unsealing pressure differential
and simulations at the scale of microscopic water drainage pores in fractured water-sealed gas reservoirs are performed to clarify
the influences of factors on the unsealing pressure differential and unsealing efficiency. Moreover, an unsealing pressure differential
prediction model is constructed to reveal the microscopic water drainage characteristics, microscopic fluid distribution and evolution, and
mechanisms that factors act on unsealing by water drainage through gas displacement. Three research results are obtained. First, unsealing
pressure differential is an important indicator for evaluating the reliability of unsealing fractured water-sealed gas reservoirs, and
reservoir permeability, wettability, gas—water interfacial tension, water-sealing degree and fracture pressure are the key factors affecting
the unsealing behaviors. As the matrix permeability decreases, the water-sealed slug exerts a higher resistance to gas flow, leading to a
dramatic increase in the unsealing pressure differential. Meanwhile, the unsealing pressure differential increases with the water-sealing
degree and fracture pressure. Second, wettability reversal agent can be used to improve the wettability of pore wall and reduce the gas-
water interfacial tension. With the increase of matrix permeability, the wettability reversal agent can easily enter the matrix pores to
improve the matrix wettability, allowing the unsealing pressure differential to decrease more significantly. However, with the increase
of the concentration of wettability reversal agent, the unsealing pressure differential tends to increase and then decrease under the joint
action of surface wettability and gas—water interfacial tension. Third, unsealing efficiency is an important indicator for evaluating the
effectiveness of unsealing, and the factors presents different mechanisms of influence on unsealing pressure differential and unsealing
efficiency. When the fracture pressure increases, the micro-sweep efficiency of gas improves, leading to improved unsealing efficiency.
With the increase of the concentration of wettability reversal agent, the unsealing efficiency shows a decreasing trend and then an
increasing trend. The wettability of pore wall converts from hydrophilicity to hydrophobicity, which obviously inhibits the fingering
phenomenon and thus greatly improves the unsealing efficiency. Meanwhile, the gas—water interfacial tension reduces to promote the
fingering phenomenon to a certain extent, leading to a slightly lower unsealing efficiency. It is concluded that the fractured water-sealed
gas reservoirs can be unsealed by reducing the bottomhole pressure and injecting wetting reversal agent. The research results are of
guiding significance for the efficient development of similar gas reservoirs.

Keywords: Fractured gas reservoir; Water-sealing degree; Unsealing pressure differential; Unsealing efficiency; Change; Enhanced recovery
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