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Optimization method of the injection—production parameters
for SP flooding based on the response surface methodology—
A case study of Ng4'-5' submember in the west

of the 7th block of Gudong oilfield

Ming Yukun

(Exploration and Development Research Institute , Shengli Oilfield Company ,
SINOPEC , Dongying City,Shandong Province 257015, China)

Abstract: Response surface methodology is an optimization method which selects main controlling factors by PB experi-
ment and determines the optimization program based on the method of steepest ascent. On this basis , an optimization meth-
od of injection—production parameters for SP flooding was established. This method overcomes the disadvantages of some
traditional optimization methods. So this method has the advantage of obtaining the optimization design in a fast and precise
way. Ng4'=5' submember of the 7th block of Gudong oilfield was selected as the typical unit of the research for the SP flood-
ing. Then main controlling factors of the effect of the SP flooding were selected by PB experiment after the history matching.
Next, the optimized value and effect of these main controlling factors on development results were determined according to
BBD experiment. The optimized value of the main controlling factors was used as the production factors in the calculation
using Eclipse simulation software. The calculated value of enhanced oil production per ton polymer is 21.894 m*/t with a rel-
ative error of 2.01% compared with the result of response surface methodology. The well agreement indicates the effective-
ness of this method. The optimization results of the orthogonal design were compared with that of the response surface meth-
odology. It shows that the best value of enhanced oil production per ton polymer was improved by 5.9% using the response

surface methodology , which highlighted the superiority of this method.
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Fig.1 Numerical model of Ng4'-5' submember in the
west of the 7th block of Gudong oilfield
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Tablel Levels and factors of PB experiment
Rewr ks BRER BEEER . HEE
KF RIS SRR AL A T iR
(mg-L")  2%0,% ABEE (PV-a?) IR
-1 2 000 0.4 0.1 0.05 0.9 0.8
1 3000 0.6 0.3 0.1 1.1 1.0
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Table2 Response value and PB experiment design
g REY Tk FRA G BIE RSFAL BLIEE AR N 2R TT il SR
BB /gl T4 % BB BVt T e )
1 2 000 0.6 0.3 0.1 0.9 1.0 16.347
2 2 000 0.4 0.1 0.05 0.9 0.8 13.598
3 2 000 0.4 0.1 0.1 1.1 1.0 13.385
4 2 000 0.6 0.3 0.05 1.1 0.8 16.545
5 2 000 0.4 0.3 0.1 1.1 0.8 15.606
6 3000 0.4 0.3 0.05 0.9 0.8 17.805
7 3000 0.6 0.1 0.1 1.1 0.8 18.636
8 3000 0.4 0.1 0.05 1.1 1.0 15.332
9 3000 0.6 0.3 0.05 1.1 1.0 18.158
10 2 000 0.6 0.1 0.05 0.9 1.0 17.399
11 3000 0.6 0.1 0.1 0.9 0.8 18.586
12 3000 0.4 0.3 0.1 0.9 1.0 17.389
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Table3 Result of variance analysis of PB experiment
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Fig.4 Enhanced oil production per ton polymer using different values of main controlling factors

BETE RO AT
MALEEE I3, 1 T4 FH-E X PG Ngd'-5'1X
PR 22, BB REE 22 , [ TR BRI  TEA
G, 2 U5 RS {E T
Wi, Rk AR, DAL IHO I 1B FH /B2 s BEE T AR
P B UL G O, K AFDRG JBE 38 R, Kl IR E L
REAR, AL~ AR e JE R ok, — e &
KR HH R i vy, DAL I FH 8 e W J3E B e~ 1
A5 P T X HRBD AR I3 A BICRL o o PR v T A ok

FE, S AR E AR Se BN SRl X B %, S8
réﬂﬂé@iﬁd& Ilttr“ Ve AE R, %
R SIS TSRS , A AT e Sl T

34 HEEXRS %iﬁwc

A E R A AR, AT LA B e AR
A RAR S, ZE R b Rl ST = R =K
BBD BB S BT i — 2D Ak A 3, 4%
R Z KB N5 4 B, BBD IR 5 15T K 25 %
F5HR.



24 3

P s 3 FEF g py gh AN A9 oo A IR RS E L s -95-

F*4 BBDIERITRERSKTE
Table4 Levels and factors of BBD experiment

K &%Rﬁ{{L BOEIEAM  REYEK
BUARUERC  BE/(PV-a?) J#/(mg- L")
-1 0.1 0.05 2000
0 0.2 0.075 2500
1 0.3 0.1 3000

RS BBDIAEIZITRER
Table5 Design and result of BBD experiment

e BIERGIAL  BOEEAM  REWEUEIR MR

dis BRARRERL E/(PV-a)  E/(mg L) {E/(m'er")
1 0.1 0.05 2500 15233
2 0.1 0.075 3000 19.481
3 0.1 0.075 2000 17.209
4 0.1 0.1 2500 20.551
5 0.2 0.05 3000 15.493
6 0.2 0.075 3000 19.134
7 0.2 0.075 2000 16.810
8 0.2 0.1 2500 20.485
9 0.3 0.05 2000 12.447
10 0.3 0.05 3000 16.853
11 0.3 0.075 2500 21.674
12 0.3 0.1 2000 19.046
13 0.3 0.1 3000 19.531
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Fig.5 Response surface of slug size,slug injection rate and polymer concentration
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3 0.3 0.1 3000 19.531 Xie Xiaoqing, Feng Guozhi, Liu Liwei, et al.Study on enhanced
oil recovery technology after polymer flooding in offshore oilfield
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