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Abstract The permeability stress—sensitivity of formation rock is one of the most important research subjects in the petroleum industry
and geotechnical industry. A capillary tube—pore network flow model is presented in order to explain permeability stress—sensitivity based
on permeability stress—sensitivity experiments. The new model fully considers the complex connectivity among pore throats, pore structure
tortuosity, different types and sizes of pore throats, and their different contribution ratios to the rock permeability. When effective stress is
loaded on the low permeability rock samples, the larger pore throats, as the main flow channel, are firstly compressed smaller. Therefore,
both fluid flow resistance and pore tortuosity simultaneously increase; it is the main reason that the rock permeability dramatically
declines in the initial period for increasing effective stress. Since there are less large pore throats in the rock with lower permeability,
those larger pore throats compressed smaller could have a greater impact on the rock permeability. Therefore, the smaller the rock initial
permeability is, the stronger its stress—sensitivity is. Comparing with the experimental results for pore structure deformation, the new
model is very reasonable for explaining the permeability stress—sensitivity of low permeability rock.
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Table 1 Basic parameters of cores
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1 5.06 25 15.89 3.47
3 5.05 2.51 22.88 26.38
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Table 2 Experimental results of water flooding
and different displacement pressure
polymer—surfactant flooding for four cores

55 FES S KRIRECRI%  InIKIM SR %
1 1 28.97 30.44
2 3 45.86 48.05
3 9 48.17 52.53
4 7 48.85 54.87
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Fig. 1 Contrast chart of different flooding
efficiencies for four samples
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Table 3 Experimental results of different permeability cores in different stages of oil displacement efficiency
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Fig. 3 Comparison chart of oil displacement
efficiency for the cores with different permeability
under different pressure gradients
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Fig. 4 Oil saturation ratio distribution of irreducible
water state for the cores with different permeability
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Fig. 5 Saturation ratio distribution of residual oil
for the cores with different permeability
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Fig. 6 Residual oil distribution of the different pores
for the core 1 with water drive and binary drive (two
booster, absolute value )
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Fig. 7 Microscopic distribution features of residual oil
for the core 1 with different displacement pressure
gradient binary drive, (a) is absolute magnitude, and (b)
is relative value
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Fig. 8 Residual oil distribution of different pores
for the core 7 with water drive and binary drive
(two booster, absolute value)

B (.648MPa/cm

15
S @ 1.289MPalem
§ 12k B 1.549MPa/cm
=
= 9r
%
= 6 F
2
& 3T
= 0

<0.6 0.6—1 1—2 2—4 >4

LR um
(a)

60 | (0.648MPa/cm
= = 1.289MPa/em

B |1.549MPa/em

<06 061 1—2 24 >4
fLME A /um
(b)

9 7SELAEREENE ZTIKEERB AN
SR LN 2 (a)FIEXE (b)

Fig. 9 Microscopic distribution features of residual oil
for the core 7 with different displacement pressure
gradient of binary drive, (a) is absolute magnitude,

and (b) is relative value
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