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Study on influencing factors of nitrogen foam flooding in bottom
water reservoir based on Box—Behnken Design method
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Abstract: In order to quantitatively and qualitatively study the effect of formation rhythm, concentration of foaming agent
and gas liquid ratio on oil displacement efficiency during nitrogen foam flooding process in bottom water reservoir, the bot-
tom water reservoir model was established by CMG numerical simulation software , and the test scheme was separately de-
signed according to the design principle of Box—Behnken Design (BBD ) center combination in response surface methodolo-
gy and single factor analysis. The mathematical regression model between the factors and the increment of oil recovery was
established, and the degree of influence of all factors on recovery increment and their effect were clarified. In addition , the
factors were optimized. The results show that the mathematical regression model has a good fitting effect on the experimen-
tal data and the effects sequence from large to small is formation rhythm , foaming agent concentration and gas liquid ratio.
Under the experimental conditions of positive rhythm formation, 6% of concentration of foaming agent and 1:2-1:1 of the
gas liquid ratio, the recovery increment is higher. Quantitative and qualitative study on the influence of various factors on
the recovery increment has great significance to deeply understand the mechanism of nitrogen foam flooding for EOR in sim-
ilar bottom water reservoirs.
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Table2  Simulation scheme and result for Box=Behnken Design

TR WEEEE R BB R RIS (R %

L B 0.4 15:1 16.12
2 IEEAE 0.4 3:1 15.71
30 B 0.1 3:1 13.71
4 S 0.1 15:1 11.24
5 PR 0.4 1.5:1 16.12
6 S 0.4 1:2 14.66
7 W 0.4 15:1 16.12
8 S 0.8 1.5:1 15.90
9 BETEIE 0.4 1.5:1 16.12
10 R 0.4 3:1 13.36
11 B 0.8 1:2 17.61
12 He 0.1 1:2 14.72
13 IERIEE 0.1 1.5:1 16.10
14 BpuEE 0.4 15:1 16.12
15 IR 0.8 1.5:1 18.91
16 IEREE 0.4 1:2 18.33
17 B 0.8 3:1 15.99
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Table3  Simulation scheme and result for single factor analysis
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IER)AEE 16.44
B)iNitiEn 0.2 1:1 14.16
S 9.03
0.1 16.37
IERA 0.2 1:1 16.70
0.4 18.33
0.6 18.95
0.8 19.35
1:2 16.79
1:1 16.70
A 0.2 1.5:1 16.29
2:1 15.92
3:1 15.04
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Table4  Variance analysis of mathematical regression model

0.05 , R BHBIHLFI 5 PR R A 5 m , 4502 Iml A%
R R B(FR S) ATAL SRR R A B I C Y% i
o S HZAK PR, SRR R
F1R) 246 XoF L V0T 4 DRIT 1 45 DR 2856 g 7 1L 1) 5 i) 2
A>B>C>B>AB., [RIE} 4% & Ak TH R B0 IE 1
B AT 45 DR 20T i SO (B AR 280 5 1], B FLAB 2y
TEREN A, C VUK B R 5A800
RS HFEIAEBETRE

Table5 Coefficient estimation of mathematical
regression model
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Fig.1 ~ Contour plots of recovery increment under different formation rhythms
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Fig.2 Effect of foam flooding under different formation rhythms
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Fig.3  Contour plots of recovery increment under different foaming agent concentrations
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Fig.4 Effect of foam flooding under different foaming
agent concentrations
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Fig.5 Contour plots of recovery increment under different gas liquid ratios
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