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Experiments on permeability change of carbonate gas reservoirs
in the northeastern Sichuan Basin
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Abstract ; The terrestrial stress variation is a comprehensive triaxial change in nature. The traditional stress sen-
sitivity experiment results do not match well with actual situation. In order to establish the relations between per-
meability and effective stress of carbonate gas reservoirs with ultra-high pressure, we designed two triaxial de-
formation experiments by using cores, one with and another without pore fluid pressure being con-sidered.
Through experiments we established mathematical model for calculating permeability change based on experi-
ment data and analyzed the relations between permeability and effective stress of carbonate gas reservoirs with
ultra-high pressure in northeastern Sichuan Basin. The results show that the permeability declines more quickly
in the experiment with pore fluid pressure being considered than that without pore fluid pressure being consi-
dered under the same effective siress. The dimensionless permeability reduces by 57. 48 % for the No. 3 core
sample when the effective stress reaches 50MPa. For cores with well developed fractures, the experiment with
pore fluid pressure being considered can better reveal the changing patterns of the permeability. In contrast, for
those with poorly developed fractures ,the experiment without pore fluid being considered works better for under-
standing the permeability variation of the matrix. Compared with other ultra-high pressure gas reservoirs both do-
mestic and abroad, the reservoirs in the study area have higher stress-sensitivity. The experimental study provides
a solid basis for highly efficient development of the gas reservoirs in the study area.
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Table 1 Designed values for experiments with unevenly-

loaded confining pressure and axial pressure testing

[ &/ MPa B/ MPa
20 10 15 20 25 30
30 20 25 30 35 40
40 30 35 40 45 50
50 40 45 50 55 60

x2 HEMBEESHENKIZTHE
Table 2 Designed values for experiments with evenly-

loaded confining pressure and axial pressure testing

[l ./ MPa 4/ MPa [l [/ MPa I/ MPa
2 2 25 25
4 4 30 30
6 6 35 35
8 8 40 40
10 10 45 45
13 13 50 50
16 16 55 55
19 19 60 60
22 22 65 65
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Table 3 Confining pressures applied in

experiment of core 1

F 5% 1 2 3 4 5 6 7 8 9 10 11
FHE/MPa 2 5 8 12 15 20 25 30 35 40 50
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Table 4 Confining pressures applied in experiments
of core 2,3 and 4

F 5% 1 2 3 4 5 6 7 8 9 10
FE/MPa 5 10 15 20 25 30 40 50 60 65
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Fig. 1 Schematic diagram showing rock

deformation under pressure
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Table 5 Test and calculation data
SEBIE RN S/ MPa AT AR FLBREE % BEH/(10 7> pm?) D/ D, K/K,

16. 67 8.64 x10° 4.574 0.018 91 0.943 13 0. 880 74
18.33 2.00 x10 3 4.573 0.018 90 0.942 91 0. 880 32
33.33 9.40 x10 4 4. 485 0.018 18 0.924 80 0. 846 83
36. 67 1.69 x10 3 4.414 0.017 60 0.910 05 0. 820 04
51.67 2.35x10 73 4.350 0.017 10 0. 896 87 0. 796 47
53.33 2.43 x10 73 4.343 0.017 04 0. 895 45 0.793 94
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Fig.2  Curves showing the relations between

average effective stress and permeability
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Fig.3 Curves showing the relations between

effective stress and permeability
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Fig.4 Curves showing the relations between confining pressure and permeability of different core samples
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Table 6 Comparison of results from different experiments

A FEALBR P TR AR R ) S8

R SLBT A S

A F1/ MPa TR E% BB T AE % R E BB T %
15 1.000 0 0 1.000 0 0
0 0.948 8 5.12 0. 740 2 25.98
30 0.940 1 5.99 0.590 6 40.94
40 0.894 5 10. 55 0. 488 2 51.18
50 0. 880 2 11.98 0.425 2 57.48
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