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Abstract: The content of free gas is a crucial indicator in the exploration and development of
deep coalbed methane, offering significant theoretical and engineering value for evaluating the
development potential of such resources. This study addresses the limitations of existing free
gas calculation models by analyzing coal pore compression characteristics under deep reservoir
conditions and developing a prediction model for free gas content in deep coal seams. The re-
sults indicate that the free gas content of coal seams is primarily influenced by two factors:

those related to the gas state (reservoir temperature, reservoir pressure, and gas compression
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factor) and effective porosity. The gas state, controlled by reservoir temperature, pressure,
and the gas compression factor, affects gas content, while effective porosity (which accounts
for pore compression and the pore volume occupied by water) determines the size of the free
gas storage space. With increasing burial depth, free gas content in the Danning-jixian block
initially increases before gradually stabilizing. Within the same coal seam thickness range, po-
rosity is the predominant factor affecting free gas content, and pore compression characteristics
and water content must be considered when calculating free gas content. As burial depth in-
creases, free gas content across different coal grades rises gradually, with the increasing rate
diminishing with depth. This study achieved the goal of accurately predicting free gas content
in deep coal seams by considering pore compression characteristics and the pore volume occu-

pied by water, thereby providing more precise reservoir physical parameters for deep coalbed

o5 54 %

methane exploration and development.
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reservoir temperature and pressure gradients
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Table 4 Sample calculation parameters of well M in Daning—Jixian block

PESEYE, WL/ m,/

®o/

W R/

BZES/ Wi/ SRR/

B m o (geemty % y ope b o AT
D1 1 960. 89 1.33 7.29 1. 46 6.2 0.21 18. 04 38. 24 344. 94 0.890 9
D2 1961.19 1.32 8.13 1.92 6.2 0.21 18. 04 38. 25 344.95 0.890 9
D3 1961.79 1.41 6. 56 1.32 6.2 0.21 18. 05 38. 26 344. 97 0.890 9
D4 1 962. 09 1. 35 6. 90 1. 39 6.2 0.21 18. 05 38. 26 344. 98 0.890 9
D5 1962. 69 1.41 7.24 3.17 6.2 0.21 18. 06 38. 28 345. 00 0.891 0
D6 1 963.59 1.47 5. 36 1. 55 6.2 0.21 18. 07 38.29 345.02 0.891 0
D7 1964.19 1.39 6.68 1. 20 6.2 0.21 18. 07 38. 30 345. 04 0.8911
D8 1 965. 60 1.41 7.24 1. 11 6.2 0.21 18. 08 38.33 345. 09 0.8911
D9 1 966. 19 1. 40 6. 30 1.51 6.2 0.21 18. 09 38. 34 345. 11 0.891 2
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Fig. 9 Free gas content model calculation results of deep 8 # coal seam M well in Daning— Jixian block
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