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Abstract

Coalbeds in situ contain significant amounts of water, and ideally this water is removed by pumping prior to the primary recovery of coalbed methane
(CBM) to lower pressure and stimulate methane desorption. Such a prior water production can be challenging because desorption depends on the
occurrence state of methane and water in situ. The objectives are to: (1) quantify both the occurrence state of methane and water of different coals for a
range of coalbed properties and conditions, (2) specifically quantify the impact of coal moisture on methane desorption.

In this study, ultimate and proximate analysis and methane adsorption tests were first conducted on several coal samples from different basins. Simplified
local density (SLD) theory was then tailored and applied to describe the adsorption characteristics of specific methane/water mixtures for each coal. Then,
a fluid mixing rule was introduced to characterize the competitive adsorption processes and a minimum potential energy method was applied to
distinguish primary and secondary water adsorptions. Analysis of all resulting data included a regression analysis to obtain best fit parameters. Finally, an
analytical reserve estimation method for methane and water was developed to quantify the original reserves and their change, and results of the method
were compared to forecasts by conventional simulators.

Combined results of all analyses suggest that both methane and water adsorptions decrease with temperature. While water adsorption decreases
monotonically with pressure, methane adsorption first increases then decrease with pressure. Maximum methane adsorption occurs at approximately 10
MPa pressure. Fixed carbon is the effective components adsorbing methane while equilibrium moisture isn’t, on the contrary, water will compete with
methane for adsorption sites, thus degrading the effective methane adsorption capacity of coal. Both methane and water adsorptions on coals can be
effectively described by a competitive adsorption model, but the impact of moisture on methane desorption varies with temperatures and pressures. With
water divided into adsorbed and free states and with methane occurring in adsorbed, free, and dissolved forms, the proposed reserve estimation method
predicted approximately the same original reserves as existing simulators predict, and also quantifies how reserves change during CBM recovery.
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Introduction Modeling Results

Since coalbeds in situ usually contain significant amounts of water, understanding the occurrence characteristics of water and its

Simplified local density (SLD) theory was tailored and applied to describe the adsorption characteristics of specific methane/water Both experimental and modeling results of methane and water adsorption on coals with varying temperatures and pressures are shown below. The deviations between the
impact on methane adsorption/desorption can improve quantitative forecasts of original reserves and well performance. mixtures for each coal. predicted and experimental results are all within 1% for methane and within 5% for water.
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