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Abstract
The study analyzed the slippage effect, starting pressure gradient, stress sensitivity, high-speed non-Darcy effect and water-block damage in low-permeability gas reservoir. The productivity of horizontal wells in low-permeability gas reservoir with thick layers was studied by the unsteady productivity model of multi-layer horizontal wells and numerical simulation in comparison to the classical steady productivity research of horizontal wells. The main research results are as follows:(1) Analysis of pore structure characteristics showed that primary pores were less preserved, and secondary pores accounted for 60%~75% of the total. Despite the developed micropores, the pore diameter is relatively small and less connected with little effect. (2) Analysis of flow mechanism showed that: ① the slippage effect occurred under low pressure, and the abandoned pressure of gas reservoir was much greater than the low pressure under which slippage effect occurred; ② the actual gas flow was relatively fast, and there was no condition for low velocity in the formation, so the starting pressure gradient could be neglected; ③ the flow law did not conform to the Darcy flow law; ④ the decrease of formation pressure led to stress sensitivity, which caused damages to the permeability; ⑤ the main factors causing the water block were: capillary and Jiamin effect. (3) Combined with the actual parameters of horizontal wells in gas reservoir, the effects of well length, reservoir thickness, permeability ratio and eccentricity on horizontal wells productivity under different formulas were studied. (4) The multi-layer unsteady flow equation considering the stress sensitivity, non-Darcy effect and permeability differences. The Laplace transform and Green's function were used to solve the differential equation of flow, and the effects of thickness, permeability, horizontal length and non-Darcy coefficient on unsteady horizontal wells productivity were analyzed. (5) The effects of horizontal length, crack length, number of cracks, wells location and wells spacing on horizontal wells productivity were studied by the single-well model.
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