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Study on chemical flooding relative permeability curves based on
the extended capillary number theory
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Abstract : In order to reflect the effect of wettability and pore structure on seepage characteristics of surfactant flooding in
low permeable reservoir,an extended capillary number (ECN) theoretical model is put forward , which contains wettability
and pore structure on the basis of traditional capillary number (TCN) theory and combined physical simulation and math-
ematical treatment methods. ECN and residual oil saturation (ROS) values are collected in the different low permeability
cores through experiments,and cross correlation chart between ECN and ROS is drawn. A nonlinear processing method of
the relative permeability curve (RPC) is established with ECN, and reservoir engineering application is conducted. The
results show that ECN theory can embody the wettability and pore structure in low permeability reservoirs,and the chemi-
cal flooding EOR needs combined action of interfacial tension reduction and reservoir wettability change in low permeabil-
ity reservoirs. There is a nonlinear, negative correlation between ECN and ROS, and ROS will decrease drastically only
when the increasing ECN exceeds a critical value. The nonlinear characterization method has a good agreement with the
experimental results. Finally ,the new method could reflect the effect of wettability and displacement characteristics of sur-
factant flooding,and thus provides a new tool for reservoir engineering and numerical simulation of chemical flooding in
low permeability reservoirs.
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Fig. 1 A parallel channel model with varied diameters
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Table 1 Displacement experiment results of low permeability cores
g (lf’?if) (if?ij?f | () 1’2ﬂ2 Wt am UL SRR prrenn
zsh — 12 24.2 25. 000 35.6 153.31 1. 66 87.40 35.00 1.00 x 10
zsh —42 24.4 25. 000 36.4 157. 28 1. 65 82. 60 34. 60 5.93 x10°°
zsh —41 27.6 25. 000 35.3 153.42 1. 67 86.70 34. 60 1.93 x107°
gtz -2 36.7 25. 000 42.8 166. 19 1. 67 72.19 32.63 1.96 x10 73
gtz -3 37.5 25. 000 55.3 164. 57 1. 64 60. 35 27.27 4.10x10°*
zsh — 14 20.7 1.950 59.7 158. 16 1. 46 79.95 28.45 5.82x10~*
gtz —4 37.3 1.950 69.5 159.79 1. 66 62. 48 23.44 1.79 x10 73
zsh — 10 23.5 0.785 72.7 165.73 1.45 94.2 23.35 2.38x1073
gtz =5 38.1 0.785 78.3 163. 68 1. 67 67.93 15.52 6.01 x10 2
zsh —44 29.5 0.052 95.4 159. 69 1.59 76. 63 13.05 6.96 x 10 72
gtz — 1 40.5 0. 052 55.9 169. 72 1.73 65.27 12.24 1.41 107"
gtz -6 35.1 0. 025 77.6 160. 45 1.57 58.35 11.39 2.10 x10 7!
gtz -7 34.2 0. 025 80.3 164. 36 1.68 60. 24 12.23 5.60 x10 !
gtz -8 35.3 0. 009 89.4 168.75 1. 69 57.53 11.39 9.80 x10 !
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Fig. 3 Comparison of desaturation curves in different models
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Table 2 Endpoint values and index values of
relative permeability curve under any

extended capillary numbers
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