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[ Abstract] The effect of water flooding development in low permeability reservoir is generally poor, and CO, flooding can effectively im-
prove the degree of crude oil recovery. In order to analyze various factors affecting the effect of CO,-assisted gravity flooding, based on the re-
search mechanism of gas-injection-assisted gravity flooding, a mechanism model of one injection and one production was established to ana-
lyze the influence law of geological factors and development factors, and the orthogonal experimental design method and Shapley value method
were used for multi-factor analysis. The results show that the positive rhythm reservoir is more suitable for CO,-assisted gravity flooding. Res-
ervoir dip angle, average permeability and gas injection velocity are positively correlated with development effect. The ratio of vertical perme-
ability to horizontal permeability and the difference of permeability stage were negatively correlated with the development effect. If the ratio of
gas injection and dimensionless horizontal well section length is set to 0.8, the CO,-assisted gravity flooding effect can be effectively im-
proved. The ratio of vertical permeability to horizontal permeability has the highest influence on CO,-assisted gravity flooding. The research
results provide technical guidance and theoretical support for improving the development effect of CO,-assisted gravity flooding in low permea-
bility reservoirs.
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Fig. 1  Schematic diagram of gas-assisted

gravity flooding process
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Fig. 2 Reservoir model diagram
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Fig. 3 Relation of recovery degree with

average permeability of reservoir
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Fig. 5 Variation of recovery degree with reservoir dip angle
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Table 1 Extraction degree under different
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Fig. 4 Final gas saturation distribution under different reservoir dip angles
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Fig. 7 Relation of recovery degree with ratio of

vertical permeability to horizontal permeability
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Fig. 9  Final oil saturation distribution at different perforation locations of gas injection wells
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Table 2 Production degree at different perforation
locations of gas injection wells
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Fig. 10 Relation of recovery degree with perforation

thickness of gas injection well
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Table 3 Orthogonal design table

KV R () K /K, TEZ BB/ mD BB RYFE/mD HFBRBE/m AR /m EREHE/ (m®-d ")
1 0 1 10 1 250 10 11 000
2 5 0.50 20 2 300 30 13 000
3 10 0.33 30 3 350 50 14 000
4 15 0.25 40 4 400 60 15 000

F4 EXIWHTHTREIBWER
Table 4 Orthogonal experimental design table and experimental results

s itz K /K, HZEBE BiER KB AL AR/ Feilt
Biff/(°) v #/mD Y= KB /m JERE/m (m*-d™") R/ %

1 0 1 10 1 250 10 11 000 13. 64
2 0 1 20 2 400 60 14 000 14.93
3 0 0.5 30 4 250 30 14 000 15.97
4 0 0.5 40 3 400 50 11 000 17.90
5 0 0.33 10 3 300 60 13 000 17.67
6 0 0.33 20 4 350 10 15 000 19.57
7 0 0.25 30 2 300 50 15 000 19.53
8 0 0.25 40 1 350 30 13 000 20.47
9 5 1 30 4 350 60 13 000 14.17
10 5 1 40 3 300 10 15 000 19.51
11 5 0.5 10 1 350 50 15 000 15.73
12 5 0.5 20 2 300 30 13 000 16.73
13 5 0.33 30 2 400 10 11 000 19.74
14 5 0.33 40 1 250 60 14 000 17.60
15 5 0.25 10 3 400 30 14 000 16.52
16 5 0.25 20 4 250 50 11 000 15.16
17 10 1 30 1 400 30 15 000 21.11
18 10 1 40 2 250 50 13 000 17.63
19 10 0.5 10 4 400 10 13 000 22.31
20 10 0.5 20 3 250 60 15 000 18.03
21 10 0.33 30 3 350 50 14 000 20.59
22 10 0.33 40 4 300 30 11 000 19.03
23 10 0.25 10 2 350 60 11 000 18.95
24 10 0.25 20 1 300 10 14 000 18.26
25 15 1 10 4 300 50 1 4000 14.74
26 15 1 20 3 350 30 11 000 14.92
27 15 0.5 30 1 300 60 11 000 15.80
28 15 0.5 40 2 350 10 14 000 17.66
29 15 0.33 10 2 250 30 15 000 16.76
30 15 0.33 20 1 400 50 13 000 20.38
31 15 0.25 30 3 250 10 13 000 17.89
32 15 0.25 40 4 400 60 15 000 24.27
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Table 5 Analysis of orthogonal experiment result
Rk R AT UM et (wa)
ZH fiiff/ () #EZ/mD K /m LR/ m

K, 139.68 130.65 136.32 143.00 132.69 148.59 135.15
K, 135.17 140.13 137.99 141.94 141.27 141.51 147.26
K, 155.92 151.35 144.81 143.02 142.06 141. 66 136.28
K, 142.43 168.73 154.08 145.23 157.17 141.43 154.51
M, 34.92 32.66 34.08 35.75 33.17 37.15 33.79
M, 33.79 35.03 34.50 35.49 35.32 35.38 36. 82
M, 38.98 37.84 36.20 35.76 35.52 35.42 34.07
M, 35.61 42.18 38.52 36.31 39.29 35.36 38.63
W2z R 5.19 9.52 4.44 0.82 6.12 1.79 4.84
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Fig. 13 SHAP summary diagram
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Table 6 Comparative data table of development

effects of the two development methods

B S] FEH

7 i
o AP, P AR
I B B P/t
(t-d71) (t-d71)
HKIF R 3.67 0.63 4186.45
CO, %l Wl & 3K i 5.26 2.73 8 791.47
6 %Hit
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