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A mathematic model for characterizing the relationship between coal
reservoir pressure and fluid saturation

SUN Zheng', LI XiangFang', XU BingXiang’, PENG ZeYang', SUN FengRui', ZHANG Tao',
FENG Dong' & CHEN Yu'

' Key Laboratory for Petroleum Engineering of the Ministry of Education, School of Petroleum Engineering, China University of Petroleum, Beijing
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At present, the research on the gas water two-phase flow during the development process of coalbed methane reservoirs (CMB) is still
weak. Numerous production prediction models and transient production data analysis methods have been developed. However, part of
these previous models assume the single water or gas phase within the coal seams, the other part overlook the gradient of fluid
saturation and pressure and another part investigate the effect of fluid saturation distribution on productivity by utilizing the concept
of average saturation, which is obtained through the derivation of material balance equation in CMB reservoirs. Notably, the average
saturation cannot capture the feature of saturation distribution in the coal seams. Therefore, the existed models do not take into
account the influence of fluid saturation distribution characteristics on gas well productivity, which result in relatively large error
between the present productivity model and the actual CMB wells. In these regards, according to the gas and water two-phase seepage
differential equation, considering the stress sensitivity, matrix shrinkage, gas adsorption/desorption effect, this research establishes a
mathematical model characterizing the relationship between formation pressure and saturation. Combined with gas-water two-phase
relative permeability curve, the model can be solved to obtain the saturation distribution on the basis of reservoir pressure distribution.
Moreover, the reliability of the model is verified against commercial numerical simulation software with excellent agreements. The
proposed model fills the gap of CMB development theory, and significantly contributes to the precise calculation of the gas-water
two-phase pseudo pressure. In addition, it lays a theoretical foundation for accurate prediction of CMB productivity.

coalbed methane reservoirs, pressure distribution, fluid saturation distribution, relative permeability curve,
pseudo pressure
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