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Polymer Flooding Well Group Splitting Based on Improved Bald Eagle Search Algorithm

ZHANG Qiang, CHEN Cheng, LI Qing, XUE Bing
(School of Computer & Information Technology, Northeast Petroleum University, Daqing 163318, China)

Abstract: Given the insufficient adaptability of existing polymer dosage splitting algorithms when dealing with well
groups in different blocks, this study proposes a polymer flooding well group splitting method based on an improved bald
eagle search algorithm. Firstly, the preliminary splitting coefficients are obtained through grey correlatlon analysis. Then,
the difference between the cumulative injection volume and the actual fluid production volume of each extraction well is
calculated, and a reasonable threshold range and constraint conditions are set. Secondly, the bald eagle search algorithm is
improved by introducing Sobol sequence and ICMIC mapping, gofden sine Lévy flight guidance mechanism, nonlinear
convergence factor, and adaptive inertia weighting strategy, whiéh enhances the algorithm’s searching capability and
convergence accuracy. Finally, the improved bald eagle search algorithm is used to solve the optimization model of well
group splitting coefficients in the a¢tual block of an oilfield. The results show that the calculated splitting injection
volume has a high'degree of égr:aement with the actual fluid production volume and has good splitting accuracy.

Key words: polymer flooding; splitting factor; bald eagle search algorithm; ICMIC mapping; golden sine; adaptive inertia
weight
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[ S R PR AR A T 8, 3K 6 ] R ) 52 P % AN A [RD, A B
TARIEELE 22 Fh 0] R R .

R 1 FEAMEN R

P PR A PR Y ¥ Bkt KA

17 Sphere 100 [-100, 100] 0 UN
£ Schwefels222 100  [-10, 10] 0 UN
/i SchwefePs221 100 [<10,10] & 0 UN
fa Rosenbrock 100 3 [£30, 30] 0 UN
£ Quartic 100 [-1.28,1.28] 0 UN
f Rastrigin 100 [-5.12,5.12] 0 MN
f Ackley 100 [-32,32] 0 MN
fi Criewank 100  [~600, 600] 0 MN
fo  Pemalized1 100 [-50,50] 0 MN
fio  Penalized2 100 [50, 50] 0 MN

ASGER LT 6 Mt E% S IBES AT XTI, 7
8 GWO. PSO. BOA. WOA. SCA L} BES. X
e B 8 T AN [E SR AR A SRE, LR A e Bk
(PSO, GWO). AW ja K H % (BOA, WOA) MR & JH
REF (SCA), 11X LA [F] Fp 2 ) V24T X Lo A
By T 5 AN [7) i) 5040 38 o 3092 1 o P A4 R P .

9T ARAE 25 10 % W 54 b, 1 T SRR Bl

BEACN 30, S5OEARIRECN 500. w1 ST il 2

W B IE 2 FiR. N
w2 HIESHEE
AT FHEZH
IBES 0=1.5; a=10; R=1.5; ¢;=¢=2; Wy3,=0.9; w,;,=0.4
BES 0=1.5; a=10; R=1.5; c;=c,=2
SCA a=2
GWO o=2; 6=0.2
PSO w=0.8; c;=c,=2
BOA P=0.8; a=0.1; c=0.01
WOA b=1

3.2 BURMACMERER
IBES F)SEMALIE RN SE 36 1 SE I 45 R N3k 3
PR,
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1E3R 3 N, BA 3 AN R se 30 50,

(1) TS RRANTENT L IE B FEAE 1P IIME (Mean)
EkriEZ (SD), LA IBES (13- fE /1 5 Fa e k.

(2) i H Wilcoxon F&AIALLE /51550 UF IBES 5 H
LR RS B E W ZERY, p-value R R K
SEEET 0.5 s, & 3 Hhe+3R0R IBES B R
58 “— Ko~ IBES [0 RE 78059 T HARSRE, [H]
%G UK FH AR R bR Y =" IBES 5 HAl 5%
T2 5, AZAE LN K AR N/A.

(3) HH IR 2 (mean absolute error, MAE),
FH I 7 AT HF% , FE 24 B2 B S ) O v 1t o ek
i, RV SR SR I L, MAE (19220 F o

Nr
Z |Mean; ~ fiminl

MAE = =1 (30)
Nr

Hor, Ny AR R B B, Mean; /& S0 B R Al 45
RV I, ;i IR ALAL.

M 3 A LLE H, IBES £ H3 A A 1 A It s
56 HP BT SR 38 I P YA AR 1 22 K 43/ T oAt
6 FhEE, REILE 6 FhEVEH, IBES B BN R HIE
IERE. N SFAS FE _EF, IBES 76N FE v IR _E
A AR B A P 380 R AR, RN 5 S BRI R
(s o~ S5 S~ Sfo) £, BIFREREAAE, HA )
3N RHL, J5 2 4 2R S, R IBES 7EX
AN BRI T RIS TR, 35 B0 A e 3
JRFE T, IBES 51 N¥< IE5Z 3R 4E AT 51 S AL HLft
e = R les/ (PSR U = B A e ' S obvivk: = ud 211 1)
B REDSK RS EZE TIANREN BEEH+,
HE— D 45 /N ZR G L, K30 Bl ) 7 S5 PR AR 1 DX TR 1,
[ S E AT i A B i A5 =l 2 M WAL S D 0 3 7 6 4 AR
H, EEAF MRS RS R R ), Pk 345 50
X1, 7EIEAR 5 BAR i 4 v R A &R e 7, it
—BAE R [ s AT B AR TR IBES fER G T
DAL 2 Fheng 5, SRR 1R T RORIR T fESE 4
F I, IBES AHIL T H AL L, SR ER S, I
FaE Mt B, IBES 7 bR S5 i iU R A v 22 AR AT
FA SRR TR, R O HOAM B B i SRR B2, 1 HL
AT DALRRE B O H g A e .

£ Wilcoxon Bk Ak 3 7 A4 1 25 3L, IBES AH EL
T HANE L, HAT RS R p-value KIBHET
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i H AR SN A

0.05, XK IBES MISGERUR BN, [FI HEE
BN, S RE 718 B ik MAE
FEHEF RS2 i 45 5 IBES BB 1) MAE MR T HiAh 5

/D, HE4 . X R U] IBES 3K45 11 248 55 0 s
EHWHRME, A3 IBES BA 8T 1A ZEF A~
e S e

®3 HIELBRER

BRI AR AR BES PSO WOA BOA SCA GWO IBES
Mean 3.39E+01 3.12E+02 3.02E-150 3.03E+03 1.01E+04 1.63E-12 0
A SD 1.55E+02 5.72E+01 1.62E-149 7.17E+02 6.92E+03 1.81E-12 0
pvalue 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ _
Mean 6.02E+15 1.66E+55 9.16E-75 2.22E+00 5.88E+01 4.73E-07 0
A SD 3.01E+16 9.03E+55 4.23E-74 1.11E+00 3.90E+01 1.36E-07 0
pvalue 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.80E- 1+ _
Mean 477E-114 1.63E+01 2.85E-75 1.10E+04 8.93E+01 6.53E 01 0
£ SD 1.82E-113 1.78E+00 1.01E-74 485E+03 _.2.51E400 “4.86E-01 0
p-value 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ | 2.82E=h1+ 2.82E-11+ _

Mean 1.54E+03 1.35E+06 9.88E+01 2.25E+06 T1.41E+10 9.83E+01 2.35E-03

fi SD 8.28E+03 6.54E+05 2.55E-02 L39E+06 7 24E+09 5.96E-01 1.25E-02
p-value 9.56E-06+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ _

Mean 2.59E 04 6.77E+05 531E 04 2.29E01 533E+09 1.45E-02 8.42E05

fi SD 1.12E-04 2.83E+054 4.32E-04 1.45E-01 2.88E+09 4.53E-03 6.21E-05
p-value 5.50B-06+ 282E 11+ 1.64E-07+ 2.82E-11+ 2.82E-11+ 2.82E-11+ _
Mean 131E+01 321E+03 0 2.08E+02 1.23E+04 2.13E+01 0
S SD 435E+01 5.18E+02 0 1.90E+01 9.32E+03 9.63E+00 0
p-value 1.14E-07+ 2.82E-11+ N/A= 2.82E-11+ 2.82E-11+ 2.82E-11+ _

Mean 1.19E01 2.06E+01 0 1.04E+01 2.07E+01 2.11E+01 4.16E-16
£ SD 6.53E-01 7.12E-01 0 1.15E+00 533E-02 3.42E-02 0
p-value 6.41E-01— 2.82E-11+ N/A= 2.82E-11+ 2.82E-11+ 2.82E-11+ _
Mean 2.19E-01 1.07E+00 0 2.55E+01 3.85E+00 7.88E-04 0
fi SD 4.02E-01 1.92E-02 0 6.82E+00 1.77E+00 421E-03 0
p-value 1.24E-04+ 2.82E-11+ N/A= 2.82E-11+ 2.82E-11+ 2.82E-11+ _

Mean 334E01 2.42E+02 1.13E+00 1.76E+05 8.42E+09 3.42E01 2.14E-11

5 SD 8.64E-01 3.75E+02 1.02E-01 2.74E+05 3.22E+09 1.04E-91 9.82E-11
p-value N/A= 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82E-11+ 2.82B-11% -

Mean 2.59E-01 5.28E+04 9.94E+00 5.40E+06 1.12E#10 _6.94E+00 5.13E-09

fio SD 7.48E-01 5.51E+04 9.86E-02 3.49E+06 | | 6.95E+09 3.84E-01 7.08E-09
p-value 3.22E-01- 2.82E-11+ 2.82E-11+ 282E-11+ | 2.82E-11+ 2.82E-11+ —

MAE 6.026+14 1.66E+54 1.10E+01 7.84E+05 3.91E+09 1.49E+01 2.43E-04
Rank 6 7 2 a4 5 3 1

VE: B R R+ KR IBESH i 35 VAR, «— R R IBESHI AL RE 0458 T HAW L, FINHZNE DUR B A S bR iy <= 2R IBES 5 HoAth Sk

TEHIE 72 5, A LT B 85 ROAN/A. -

33 BT XA REENE A YIGHI RS R
HitE g

AR S5 HCHR B A 10 % B R ST S, LA SE
B X e il RO AE I RE AR, 1 46 (12 ) RRER
S0, I DS FE Ay 5 4. 6 A SC B L PO T B 7R M
LRI B I I L 7 AT DR AT, 7
FRAR S (2) o — M AR (0 22 R L. T L )
5 U 471\ 5 5 B W BB IO 25 145 2%,
T B 2 T R — A B 1 TN 5 (. A S A
1%-5% 3 FH L, P PO M 2 B A A S
SR FO S DI AL A B, AT 30 KSBORTEL,

FFIEICF 2 SERR I KA R 2R R AR P
BE iR ZEHEAT X b e, B )R 22 RO il SR 1)
BE 0 RO XBE 7y Ja R R S S bR R R
RE.

BEE TR 22 8 (K SE e 45 R 3% 4 PR, BUE 1)
TR Z A8/, HAE PR e T ot 2, (R I 7 22
TR A BB 2, A BWREYIEES 73R KR XL,
FEAS SR A 0 BS 7> R Z — € HSR Mk S i@ Mk, 1K
AT LA ST 27 B 4 R 22 FR 0 BB TR AE 5% T
WIR Z2E BOE T P BE ) iR 22, AR BT oAt ¥ e 1Y
TR ZE R, AGEHRCIME, THAT B 5 5% 1)
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RZEAE, BT UCHIAE 5% TUYIR 22 (8 € T K% T2
BETS I 18 2R SR SR B W I S 4185 7 7 i By —
A B, PRI E SRR O R ZE HBUE N 5%.

x4 BoE R ZE AR g R
XL AR AR 1% 2% 3% 4% 5%
SEREATEHK (5) 577.15 54235 322.89 187.56 136.24
TEEBEIHLE (D 711 685 423 234 96
TIIEE R ZE (%) 378 334 349 454 326

7V E TR 286N 5% J&, K IBES 5 GWO.
PSO. BOA. WOA. SCA }% BES i A2 H RS
Wy OIRH S 4B AR AL b AT SR A LA, DA IE A SO A
H i) IBES 78 LB /0B b BT — e fu st Mk siith
LW 5 Al g, SR IR IBES FE SRR A 19K
LB 43 AR (R PR A T LA O A, W Sl 2%
B R bR HLA T A SRk S 2RI, B
e 3 e L E AR A, DRI A SR 0

W

WUk gl 2 BE 4y 7 v T 3E A T 1% IBES #H T R iR
-

™ o

-4 WOA

100

Fitness

6x10%

3x102 mem

0 100
‘!

200 300 400 500
Iteration

l@ 5 LISZ,AIH?E%%XT L
ﬁxﬂzzi&gﬁ (2T SO R R AR &Y
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FE S XA [ B [ B P U155 B 4 I 1 SR P T ot 5 S B
AT LIRS L, 3R 5 FR.

‘ K5 IXE A HEEX AR
e 1) SHINE YN BE Sy G SR b B By e 5 S i 2 BE O P S S R

($ER) (x10° m®) (x10° t) (x10° t) (x10° t) (%)
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201401 14.475 13.395 12.977 0.418 3.22
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201703 9.196 8.907 8.694 0.213 2.45

\».

MF 5 FRT LU H, 200 AR SCHE 1) BS 40 0 1R B 22 SRR .
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