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Abstract: The ultra—low permeability reservoirs have poor physical properties, which leads to difficult fluid flow, often
showing the characteristics of non—linear flow. In the past, the study on non—linear flow laws focused more on water flooding
but less on CO, flooding. Considering the insufficient understanding of the non—linear flow laws of CO, flooding in ultra—~low
permeability reservoirs in Gao89 area of Shengli Oilfield, an experimental study in this regard was carried out to reveal the
influence of the interaction between CO, and crude oil on the flow characteristics of crude oil. The calculation formula of
the minimum threshold pressure gradient and the non—linear flow characteristic representation model of CO, flooding under

different permeability were constructed. The results show that there is threshold pressure in CO, flooding in the ultra—~low
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permeability reservoirs, and the minimum threshold pressure gradient of crude oil has a good power function relationship

with fluidity. With the increase in fluidity, the threshold pressure gradient decreases significantly. In addition, the flow

curve of CO, flooding shows the characteristics of two stages , i.e.,non—linear stage+linear stage. The flow velocity at the lin-

ear stage has a good linear relationship with the pressure gradient, and that at the non-linear stage has a good quadratic

function relationship with the pressure gradient. CO, dissolved in crude oil has a significant swelling and viscosity reduc-

tion effect, which drastically lowers the minimum threshold pressure gradient of crude oil and enhances the flow capability

of crude oil, and the non—linear stage in the flow curve is shortened.

Key words: ultra—low permeability reservoir; CO, flooding; non-linear flow ; threshold pressure ; fluidity
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Tablel Basic physical properties of cores used in experiments

AOHy KElem  FARem  ILBRIE%  BER/mMD
Gl 6.560 2.524 13.85 0.15
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Table2 Physical properties of crude oil samples
with different CO, content

Reo/ WRE S B R

T

(m?-m™) MPa (grem™)  (mPa-s) R
A 0 15.05 0.783 1.310  1.207
2 8.71 15.93 0.769 1229 1214
A3 30.63 17.55 0.761 1.121 1.265
kL4 67.79 21.90 0.750 0.980  1.410
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Fig.3 Flow velocity—pressure gradient curves of crude oil samples with different CO, content in cores with different permeability
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Table3 Minimum threshold pressure gradient of crude oil
samples with different CO, content

st g I CO,L AR BE RN B S BB /(MPa- o)

B RmD e k2R3 STk 4
Gl 0.15 0.028 9 0.027 4 0.024 4 0.019 8
G2 0.31 0.018 6 0.0159 0.013 3 0.008 0
G3 2.41 0.007 9 0.006 1 0.0059 0.004 0
G4 2.21 0.008 5 0.008 0 0.006 4 0.004 2
G5 4.34 0.006 2 0.005 4 0.003 1 0.003 1
G6 15.63 0.003 1 0.002 6 0.001 0 0.001 0
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Table4 Fitting parameters for flow velocity—pressure gradient curves of different crude oil samples in cores with different permeability

EEN . (K Jw,)! i & % £
i’ i [ mD* (mPa-s)" | a b c @ B
Hiikza 0.115 0.053 06 0.001 39 -0.000 05 0.004 69 -0.000 42
) M2 0.122 0.053 40 0.001 96 -0.000 06 0.006 21 ~0.000 50
ol 3 0.134 0.054 00 0.003 23 -0.000 09 0.009 14 ~0.000 64
M4 0.153 0.055 18 0.004 57 ~0.000 11 0.014 83 -0.000 74
itz | 0.237 0.063 16 0.006 95 -0.000 15 0.021 53 -0.000 83
R 2 0.252 0.038 23 0.01026 -0.000 17 0.025 12 -0.000 93
© K3 0.277 0.068 61 0.007 49 -0.000 12 0.027 87 -0.000 87
TR 4 0316 0.075 10 0.008 16 -0.000 08 0.031 98 ~0.000 69
R 1 1.840 1.114 71 0.007 20 -0.000 10 0.420 60 -0.010 90
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