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Abstract: The occurrence and output of coalbed methane (CBM) are controlled by the occurrence geological conditions of

coal reservoirs, such as stress, pressure, and temperature. The correct analysis of the occurrence geological conditions of
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coal reservoirs and their impact on permeability is a key issue of concern for an effective development of CBM. Based on
the test data of 63 CBM wells in the southern part of the Qinshui Basin, the ground stress, pressure and temperature condi-
tions of coal reservoirs in the study area are systematically analyzed, the variation law of coal reservoir stress, pressure and
temperature with burial depth is revealed, and the relationship between the minimum horizontal principal stress and the
vertical principal stress and the pressure of coal reservoir is established. Using the triaxial seepage test system, the experi-
ment of CBM seepage under different stress, pressure and temperature conditions is carried out, and the variation law and
control mechanism of coal sample permeability under different temperature, stress and pressure conditions are revealed.
The results show that the maximum and minimum horizontal principal stresses of the coal reservoirs in the study area are
6.62—42.06 MPa and 3.30—26.40 MPa, respectively, with the gradients of 1.20—5.26 MPa/hm and 0.99—-2.95 MPa/hm, re-
spectively. The coal reservoir pressures and their gradients are 0.99—12.63 MPa and 0.23—1.18 MPa/hm; the coal reser-
voir temperatures and their gradients are 19.36—38.84 °C and 1.98 °C/hm, respectively. The coal reservoir stress, pressure
and temperature increase linearly with the increase of depth. With the increase of effective stress, the permeability of the
coal reservoir decreases continuously, the permeability decreases greatly in the initial pressurization stage, but decrease
slows down with the increase of effective stress. Under the same stress conditions, the permeability of coal samples and
the decrease rate of permeability decrease continuously with the increase of temperature. With the increase of effective
stress and temperature, the permeability of coal reservoir decreases according to the law of negative exponential function.
With the decrease of pore pressure, the effective stress increases, but the permeability of coal reservoir decreases. In the
initial depressurization stage, the permeability of the coal reservoir decreases sharply, and with the reduction of pore pres-
sure, the decrease rate of permeability gradually slows down. When the pore pressure is less than 0.6 MPa, the permeabil-
ity of the coal reservoir increases with the decrease of pore pressure. Under the condition of high pore pressure, the per-
meability decreases with the increase of temperature in a negative exponential function, while under the condition of low
pore pressure, the permeability of coal reservoir decreases linearly with the increase of temperature. Based on the above
results, the relationship model between coal reservoir permeability and stress, pressure and temperature is established.
Also, the law and control mechanism of coal reservoir permeability decrease according to negative exponential function

with the increase of stress, pressure and temperature stress are expounded.
Key words: coal reservoir; permeability; in situ stress; reservoir pressure; reservoir temperature; Qinshui Basin
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Fig.1 Distribution of main CBM blocks and testing wells in the

Southern Qinshui Basin
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Fig.2 Schematic diagram of CBM triaxial seepage experiment
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Table 1 Testing results of in-situ stress and pressure for coal
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depth of coal reservoirs
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Table 2 Regression parameters of stress and pressure

changes in coal reservoirs with depth
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Table 3 Permeability experiment of coal samples under different temperature, stress, and pressure conditions

Do SN B FLBRIE J1/MPa [l H:/MPa % E/Pa HRUN J1/MPa RE/C
1-1 0.2 2.0 26 2.0 25, 35, 45, 55, 65
. 1-2 0.2 4.0 4.6 4.0 25. 35, 45, 55, 65
1-3 0.2 6.0 6.6 6.0 25, 35, 45, 55, 65
1-4 0.2 8.0 8.6 8.0 25, 35, 45, 55, 65
2-1 0.2 4.0 4.6 4.0 25, 35, 45, 55, 65
2-2 0.6 4.0 46 3.6 25, 35, 45, 55, 65
. 2-3 12 4.0 46 3.0 25. 35, 45, 55, 65
2-4 1.8 4.0 4.6 2.4 25, 35, 45, 55, 65
2-5 2.4 4.0 4.6 1.8 25, 35, 45, 55, 65
2-6 3.0 4.0 46 12 25, 35, 45, 55, 65
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Fig.5 Effect of stress on coal sample permeability at

various temperatures
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Table 5 Fitting parameters between coal sample

permeability and pore pressure at various temperatures

ELRE/C kop/1071 m? a,/MPa”! R?
25 0.778 1.158 0.98
35 0.403 0.987 0.95
45 0.252 0.812 0.94
55 0.207 0.753 0.95
65 0.191 0.782 0.95
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Fig.7 Effect of temperature on permeability of coal sample

under different external stresses
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Table 6 Fitting parameters between coal sample

permeability and temperature at different external stresses

J¥ 71/MPa ko /10715 m? ay/°C7! R
2.2 0.934 0.046 0.96
4.2 0.549 0.066 0.97
6.2 0.054 0.029 0.98
8.2 0.034 0.037 0.99
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under different pore pressures
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Table 7 Fitting parameters between coal sample

permeability and temperature at different pore pressure

FLBUE F1/MPa ko /1071 m? a)/C! R
0.2 0.028 0.008 0.94
0.6 0.024 0.007 0.95
12 0.035 0.009 0.96
1.8 0.053 0.010 0.89
2.4 0.148 0.023 0.83
3.0 0.342 0.025 091
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Fig.9 Deformation pattern diagram of two mutually orthogonal fracture systems in the z-axis direction
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