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Abstract: Storage capacity calculation is one of the core research objectives in the geological scheme design of underground gas storage
(hereinafter referred to as UGS) construction. Oil-reservoir UGSs are obviously different from gas-reservoir UGSs in the formation mechanism of
storage capacity, for it has a gas—oil-water three-phase flow and complex gas—oil composition exchange phase behavior. Based on multi-cycle gas
displacement, phase equilibrium experiment and numerical simulation, this paper analyzes the formation mechanisms and influential factors of
storage capacity in oil-reservoir UGSs. Then, based on the distribution and migration characteristics of reservoir fluids in different stages of UGS
construction, a new idea is proposed to vertically divide the oil reservoir to be rebuilt into UGS into three zones (i.e., gas displaced pure oil zone,
gas displaced water flooding zone/oil-water transition zone and pure water zone) for differential calculation of storage capacity. In addition, the
multi-factor prediction mathematical model and calculation method of storage capacity in oil-reservoir UGSs are established. They take "effective
gas storage pore volume" as the core, and comprehensively consider microscopic gas displacing efficiency, macroscopic coefficient, secondary
saturation dissolution and property change of remaining oil, and other multiple-phase seepages and phase behaviors in different fluid zones.
And the following research results are obtained. First, the storage capacity of the UGSs rebuilt from the oil reservoirs stimulated by gas flooding
after water flooding is mainly controlled by microscopic gas displacement efficiency and macroscopic sweep coefficient. Second, the secondary
saturation dissolution and volume shrinkage of the remaining oil have a certain impact on the storage capacity. The stronger the volatility of the
crude oil and the more the stable remaining oil during UGS construction, the more significant the impact of the secondary saturation dissolution
of the remaining oil and the change of crude oil properties on the storage capacity. Third, in the UGS rebuilt from the Jidong Pugu 2 volatile
oil reservoir, the effective storage capacity contributed by the free gas of the secondary gas cap is 18.61x10° m’, 15.1% of which, i.e., 2.81x10°
m’, results from the shrinkage of the stable remaining oil during UGS construction caused by the gas—oil composition phase behavior. The total
storage capacity contributed by free gas and secondary saturation dissolution of remaining oil is 28.60x10® m®. In conclusion, this method has
been practically applied in Pugu 2 and Nanpu 1 UGSs of the Jidong Oilfield, and the established calculation model of the storage capacity of oil-
reservoir UGSs presents remarkable application effects. However, the construction mechanism of oil-reservoir UGSs is more complicated than
that of gas-reservoir UGSs, the macroscopic sweep coefficient and microscopic displacement efficient of flooded zones and pure oil zones are
mainly the results of laboratory test and numerical simulation, and gas channeling and gas—oil-water interlock caused by high-intensity injection
and production have a greater impact on the formation of storage capacity, so in the process of UGS construction and operation, it is necessary to
strengthen dynamic monitoring, correct the numerical model in real time, and establish reasonable technological limit of gas injection and liquid
drainage, so as to control the stable extension of oil—gas contact reasonably and improve the storage capacity expansion and production efficiency.
Keywords: Oil reservoir; Storage capacity; Microscopic gas displacing efficiency; Macroscopic sweep coefficient; Gas—oil Phase
behavior; Effective gas storage pore volume; Crude oil shrinkage
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