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Calculation of non-linear effective pressure

XIAO Wen-Lian, LI Min* , ZHAO Jin-Zhou. ZHAQO Shi-Xu

State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation , Southwest Petroleum University , Chengdu 610500, China

Abstract Based on Robin's concept of effective pressure and Bernabé's permeability-isograms (k-
isos) characteristics in pore fluid pressure (p,) and confining pressure (p.) figure, a new method
for calculating the non-linear effective pressure (the secant effective pressure) is developed.
Meanwhile, the new method and Bernabé' method for calculating tangent effective pressure were
used for analyzing the data of 12 samples in the present and previous researches. Two kinds of
effective pressures were calculated. The results reveal that just as k-iso is linear, the secant
effective pressure is equivalent to the tangent effective pressure. Otherwise, the two kinds of
effective pressure laws are not the same. Moreover, it is found that the points describing the
relationship between permeability # and the secant effective pressures are less scattered than the
ones between permeability £ and the tangent effective pressures. To assess the validity of the new
method, two kinds of curves between permeability and effective pressures were fitted by power
function and exponential function respectively, and it is observed that the secant effective
pressures present the better fitting results than those done by the tangent effective pressures,
suggesting a more feasible way of effective pressure calculation.
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Table 2 Experimental data of Sample SM2

FE  fLBE
(MPa)  (MPa)

BiER [ & LB Bk
(107Ym?) (MPa) (MPa) (107" m?)

Bk ALBE
(MPa)  (MPa)

BER @k BE BEXR
(10"7m?) (MPa)  (MPa) (10~ '"m?®)

40.00  22.0619 0.967 25.00  22.3227 1.893

40.00  18.1429 0.932 25.00  18.2673 1. 679
40.00  14.1114 0. 906 25.00  14.2229 1. 439
40.00  10.1305 0. 870 25.00  10.2004 1. 259
40. 00 6.1359 0. 869 25.00 6.1818 1.222
35.00  22.1208 1. 058 20.00  18.0000 2.210
35.00  18.1556 1.022 20.00  14.4228 1. 936
35.00  14.1615 1. 001 20.00  10.2987 1.578
35.00  10.1745 0. 960 20. 00 6.2010 1.363
35.00 6.1870 0.919 15.00 12. 265 2.232
30.00  22.2467 1.274 15.00 9. 2680 1. 953
30.00  18.2506 1. 215 15.00  6.23650 1. 630
30.00  14.1844 1.118

30.00  10.1838 1. 075

30. 00 6.1601 1.018

40.00  22.0942 0.48148 25.00  22.3115 1. 161

40.00  18.2091  0.46058  25.00  18.3725 0.877
40. 00 14. 218 0.44255  25.00  14.2387 0.718
40.00  10.2624  0.43894  25.00  10.2192 0. 658
40. 00 6.1609 0.41838  25.00 6.1852 0. 587
35.00  22.1454  0.55294  20.00  18.3412 1.473
35.00  18.2544  0.50866  20.00  14.5922 1.123
35.00  14.1418  0.47745  20.00  10.2749 0.816
35.00 10. 162 0.45893  20.00 6.2038 0.732
35.00 6.1295 0.44921 15.00  12.3127 1.379
30.00  22.2137  0.73895  15.00 9.3519 1. 089
30.00  18.3261  0.63201 15.00 6. 3499 0. 891
30.00  14.2896  0.58451

30.00  10.2335  0.52568

30. 00 6.2519 0.51933
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Solid black dots represent the measured points and

the solid line is the theoretical predicted values
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Table 3 The coefficients of correlation R* obtained by fitting
the relationship between permeability and effective pressure

with the exponential function and the power function

EiEg 1 P 7
e
R? R? R? R?
SM1 W& 0.9402 0.9241 0.9962 0.9618
SM2 b 0.906  0.904 0.9987 0.9954
S4 w2 0.9321 0.9629 0.9835 0.9587
S10 Bb 4 0.8742 0.8797 0.9918 0.9923
Barre P £ X & 0.7529 0.6935 0.9688 0.9455
Barre 600 4 X & 0.9373 0.7393 0.9796 0.9382
Barre 120 65 % 0.9243 0.9056 0.9944 0.9803
Barre T £ i & 0.9401 0.6716 0.9593 0.6063

Chelmsford R 7€ 5 2 0.9679 0.9691 0.9921 0.9805
Chelmsford G 1£ 4 & 0.9435 0.9451 0.9992 0.9795
Chelmsford H £ < 7 0.9981 0.9947 0.977 0.9726

Barre 1 5 & 0.9269 0.9273 0.9997 0.9992
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