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Abstract: The accurate characterization of the phase equilibrium law of sour natural gas—formation water system is of great significance
in analyzing the volumes of water-soluble gas and condensate water in the process of natural gas development. At present, however,
the commonly used theories, such as the PR equation of state and Henry's law, are not applicable to the phase equilibrium study of
the sour natural gas—formation water system. To gain further insight into the influence of sour gas and formation water salinity on the
phase equilibrium of the system, and to improve the calculation accuracy of natural gas solubility and saturated water content, this
paper modifies the Henry's constants according to the scaled particle theory (SPT), with consideration of the influence of dissolved salt
on the phase equilibrium of the system, based on the PR-Henry model which is established by combining the PR equation of state and
the Henry's law. Based on this, an improved PR-Henry model is established. Finally, the effects of natural gas composition, pressure,
temperature, and salt content on dissolved volume and saturated water content of natural gas are analyzed. And the following research
results are obtained. First, the average relative deviation of the model calculation results compared with the measurement data is 5.3%
and 4.55%, which indicates that the model is applicable to the phase equilibrium calculation of sour natural gas—formation water
system with different temperatures, pressures and compositions. Second, the volume of the natural gas dissolved in formation water is
influenced by natural gas composition, temperature, pressure, and formation water salinity. Third, the saturated water content of natural
gas is significantly influenced by temperature and pressure. In conclusion, the improved PR-Henry model provides an effective method
for evaluating the natural gas production process and calculating the dissolved volume of CO, storage, which is of important reference
significance in evaluating recoverable reserves and development characteristics of natural gas.
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