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Abstract: The adjustment of the flow field proves to be an effective way for enhancing the recovery of remaining oil during the high
water cut development stage in a water—flooding oilfield. As the water flooding oilfield enters the high water cut development stage,
a dominant flow field gradually forms between oil and water wells, resulting in the ineffective circulation of injected water. As a
result, the effect of reservoir development is reduced. To address this issue, a flow field adjustment model is established based on
standard determinant well pattern arrangement using Python programming language, guided by the working principle of flow field
adjustment. In this model, the flow field streamlines transition angles are 27°, and 45° respectively. The finite difference method is
employed to simulate the dominant flow field range before and after the adjustment. The results demonstrate that the nine—spot
method and the five—spot method could enhance the oil displacement efficiency, while the flooding efficiency of the M—shaped
well-mesh is relatively low. Moreover, the 45° —streamline transition proves to be particularly beneficial for oil exploitation during
the high water cut development stage in a water—flooding oilfield. The study holds significant guiding significance for adjusting the
well pattern and enhancing the recovery efficiency, thereby facilitating the extraction of remaining oil in the high water cut
development stage.

Keywords: high water cut reservoirs; well pattern adjustment; flow field adjustment and numerical simulation; oil displacement

efficiency; recovery efficiency

Wi B :2022-12-12,

F—EEBN APk (1992—) , B FEE I LOFTTAL , EEUFE7 N2 V0R . k. L b3 DX IUT- 2% 1239 45 BB 4 : 200092,
E-mail : 1253464 @tongji.edu.cn

BISMERE A58 (1964—) T, WL, B2, AR Z B TUBUE A 22 DL AT Il B = AT 58 53054 TAE. bk BilgEiiimix
VU 1239 5, HREL 465 : 200092, E-mail : fuqiang@tongji.edu.cn



520 B UK, R S KBS [ 00 30 37 ) A A4 5 i 28R

2023 4F
F13E Al

AN K il TH T A 22 96 3 W1, T /K T A b
PEA RS KIT R, D0 F 38 T8 AT IR A AT gk
P T 31 o8 2 T (< S K Rl e e b, R
580 R S OB 2 K LR AR AL K - T2 A T A
P AT IAER I TT , WoK B, AR
B, AH KR 3R, VA K TERAAER , T2 R A
TR A DX, AR BOT A2 RCR L — Oy T R
ZKHT FEELAT SR 2 PR ARAER FEAK i LU R Axiih
RO A RR R o 53— 7 T, A B TT SRk LAF 7
A K B TH 23 T A 0 48, & iR A
AR At o AR LA e s v ik R A i
W2 5K TR B R MR BN AT —

U7 VA R S R v 5 K I BT FH AR 1 2T
KW BT Bro — L % 8 0 A o A B 2 e
AR B T2 )R AR Al SO AR s TR A R
Gy e R AT WA R R VAR Az o R e R A T
B Al A7 RCHE i SR MR R v 8 K ST 1 T A
AT T2 20 A 1 TR AN 5238 19 X A e
B AR LA E X o i T AT R, ik
FHIRI 5 FL 2 it S22 2808 U 2k 11 5 /Y 3 3% , 18
St e AR Y 2 T T R R T R R — 2R
R R K S ARG 98 DX R i

DAL GEh T R 947 5 2 R0 B, 1 3 9
RO R 2R e AR AT 3 BRI A TR A AR B W AN [
I P HE PR, 7R 7 A YR T AR S iR
F ST o 5 7K T 2 33 EH A 9 A A 0 2 19 52
25 M TR IR e R MR A e A5 5

| R SR RS

fife It L VA () ] DA fRT Ak Sk SR A R T AR AE
Z AL Tz s W [R) B, FHS I 3% Sl O 1 M H e
BUZ A 2 S 1 A i 3 1 = 4R AR FR S B A
FF 1 A Z LA 5 B I A, X T R
ol o3 T R QE Tn] AT B () A8 A B (B f Tk A T 24 T, 1%
YA A PR 2253 7 30 i S AL - A T F s R -

A TE 35 P A 5T & 7 1H e R R SRR L 9
T TR KA sh LA T AR DL S A mT LA
FHES A 0] SR SR R B IR e
a—"x <Kn%> + aiy (K”%) " %
Ko1K K KA oy 7 075 8

oh oh

A7 m/d s h R R 1K Sk B m e B TE] B s s o
itk fr L
XF 2% [} [R] P40 T, 4798 15 R BUK =K =K =K, U]
K (D) AT A
i(Kih) + 5)(K6h) + i(Kih) :Mg@ (2)
0x 0x ay dy 0z 0z ot
A1 5 IR A2, 783K (2) 22 s Inilsic i s,
AL DU 25 (B R ] (4 5C 2R o XF 4R [R]85 3R A0
ik ] BRLASE TATRR P DA 2 K )2 i A B0 K i, b
WA IEARE, A AR i AR S
H(2) A
J oh J oh J oh oh
X3t 37 1 4 U B 8 35 it 4 ol O AR SR U £
R V5, TR 5 55, 5 = 0, e
] [P 25 A T4 A a0 R AR
*h  9’h s
g + Tyz = ? (4)
1
ITAER , B N b2 223 R A Python AR s
SR VTSR T R AR AT O A [ B (AR AL, I HRUA
TOREE IR, X i K R I O S T
LM BB, T AR A A PR 22 43 7 o LA 2k
5w i SR I o R A TR . TR TiX 2R
2Fia BT, NumPy T HAL B A RS R (| iz 5
AL o AR JH 4 155 4% 4 Python 3.8.2, fiff ]
NumPy (ver.1.18.4) T B4 ] T 3K it A Wi i ik 53 7
T2, 2T Matplotlib (ver.3.2.1) T. HA# 47 1 E 15 2
il , 4 SciPy (ver.1.5.3) T EAL#AT T B4k -

2 BREBGHS S HE

Ji I B A B 2 50X50 A%, dpi=1 200, i ]
Dirichlet Z5 {4 X401 B A5 A0 A T 29 50, 4 A5 780 Do s
X143 2h 328, TR A5 IR A TR IR AR I AR
Kk b A S KSR 0, 8 8 (AR ) 7K Sk R
IEE s CRIIH) AR, HAR & sk (4)
HEAT SR A o TR R 3 7K AU o 0 il 3 R S BB, &5
4 Visual MODFLOW %4 %5 JE s AL 50 7 19 1 SR I
TSR E EATAG B SR BBOK SR B BE h'=0.14 R F8 45 5]
{80, %o R MG AT A A B o 2 P A i L S .



20234F
13 Ha

B UK, A R S A AN [+ - 00 3T 75 1A AR AL 5 X 2 521

LB A 00 2 it IE U AT & B B T
KW, BT A G oA LB AR e PR
FARE R Y M2, R 500 ~ 600 m 4781 ML I
W — R UL, TUAR I R Tl IR, F1
FHRIRBE R VEATIT R, ELIS IR0 0 3 48 LU R0
ST I 0 2 5 8 R A TSR I, - o 3] 8 Ty 5
B2, TERFFHZE S B RS RS I
WEAZRREOLT , B KR IK ] 95 %l i
T2 I B 3 o7 v v BIMEAR OO Uik TR,
MO IS AR 3R T e 16 114 52 o 00 2R T 2 B
BAUARERR

o fi R R PEEASAU LS R i R BOR S IR
BUE B UL GEAT 51 3 W W06 I 19, 1 3o ke
JE SR O R SR LU, BN R R 2 07 i, 5
XL 7 04 £ RE VR R (1) o T IO A LA B
A, T HOH: 9 7 i 2 Ay AR BRI 457,907 £
DA K ST B L A B AS AR B A L i TR E MM
TEH M AT B

2.1 #EBAEEITIIH M

WATFRUEATH R SR ERX Hh 6 117 A, 3
FUR I (8 2a) , B EARZ FLIBR R R 34 %, fLER S
#EHH 1.5%107 wm®, #1JZ R 128 14 MPa, #4517 1)
I % B 100 mx100 m, BEELFE A S h=1 m, R H It
h==2 m. FEAUAT R 5 A R A S B A2
1k, v LA HORE ) 2 AT K 5 ] 6 2R 22 T
(14 7K Sk o B die 5, 1T PR HE 22 18] 9 7K Sk A X 5 55
([ 2b) , B ZBEAUAT AR AT 51 2 O 35 1 38
YRR ) bR I 2Z 8] (] 2¢)

e

o fEfLAKIE o fEAL I o i v I

a MIRATHN AR iR B b. I R I T PR B A

P s I R R T i 45 ° R He
Fig. 1  Five—point method infill production wells to adjust the

downhole flow field 45 ° well pattern comparison diagram

22 HEBAREFMFE

XEBRUEATH 2 A Tk, PR R P ke 1 ER
I AR 8 HEA A % 100 mx 100 m([5]2d) ,
B AT h=1 m, X AL EATI h=2 m R I
h=—6 mo FEAUAT H USRI W IR I 0 7K Sk A B
7 H ISR T B T A BRI S R A R
([ 2e) , & AT 5 A 37 J5 15 H ALY JL A,
BB (F 20, R BF 2 R AT
T I TR, BRI R AT 2 5 R A T <

2.3 WA AEHFMIFE

X AR AT 8 20 A T R B v g 1 TR
IR MR 4 0 AT, % AR R 141 mx
141 m( & 2g) , AU W 15 B X M 2R 1 AT h=2 m, R
I h=-8 mo BRI I R 5 A K Sk
JEE S R P R 1) i i ARG, 52 e Rl
K 2h) , AT 50 A 3 5 J5 15 AU
MR (& 21) , 8o T 357 0w
SRR B K LT

2.4 BEHIMEFHRIEE

XPARUEAT H0 T 0 HEAT B0 , O/ B 34 38— 11 2R
W PR X LR 4 DR A TR A I 2% B R
200 mx200 m, & H - AT R/ MR Y 100 m,
KBRS Ry 447 m (] 2j) , BN N 15 8 3 £ 1 AT
h=1 m, ik A EAH h=3 m, K HH h=-3 m. B
tE MO S R S5 (8 7K Sk B2 s B 2 Kk Sk
T BE LIRS, A 5 M IR 7K Sk AR 4, AU
BB 2 HEEARIEFZm 1R I Kk (1 2k ), & AT
A A 3 J5 A5 B MOB YL - L 34
(20, s 1T U7 1 9K T AR AT 2 1, SR
RACRAR TR 5 LR

3 AR e
3.1 HEIFEN

e IAT 51 O IR g W iR A  HRAfE JL i ik
TR LK MR HEA T R I R 3, I X 8 8 iy
Je A RO B BOF R X e B IR S B0 778
Pl ASEELT 30 R0 8] R i 7 7 0K ot T ARUAR X s 1A T
B AR e A B AR AL, 45 18 I R 8 5 TR A fe ket



2023 4%

522 B UK A R S A AN [+ - 00 3T 7 1A AR AL 5 K A 138 4l
JRIMBCRAR TP JERR Y TR AEARE] 45° B R 2 5| i

oS R A2 A0 R AR T A B KSR AR TR AR, B AR R I T, b T
b bR, BT G FOUGOETERIE IR/ PSR 0 9 B 3 B0 7 2 A IR v Bk A i T

him h'

0.14
0.12
00k 0.10
0.08

y/m
(=]
T
y/m

0.06

0.04

0.02
200

1 1 1
-200 -100 0 100 200 ’ -200 -100 O 100 200
x/m x/m

100 200

n
0.14
0.12

0.10
0.08

y/m
y/m
y/m

0.06
0.04
0.02

-200 -100 0 100 200 -200 -100 0 100 200
x/m x/m
d e

h/m h'

0.14
-200

o

o e |

 § 1  §  § 1
-200 -100 0 100 200 -200 -100 0 100 200
x/m x/m
h

0.12

0.10

0.08

y/m
=
T
y/m
y/m

0.06
0.04
0.02

n
0.14
0.12

00k 0.10

0.08

y/m
(=}
T
S
W
y/m
y/m

0.06
100k l e ‘ -1.0

200

0.04
0.02

1 1 1 1 1
-200 -100 0 100 200 -200 -100 0 100 200
x/m x/m x/m
j k 1

@ EfzilI @ EfIKIF @y I

T a AREAT S I R 01 P 5 b ARIEAT S 2 K Sk BB BEREABLPEL 5 ¢ ARifieA T 91 IR R 350 495 3 A 7 2 P (A4 ISR I 34 S DD 5 . Ui T )
B IR KSR A 7R TR s e JURGTE I PR J5 7K S b R TR AT € Lt BE I WS S5 AR S 20 A1 B (B S MR RS R 0 A A, , 8 6 K BICA TR S 1D 5
g FL AR PR 5 7K Sk 53 A 7 TP . S TR S5 7K S B B I 1. s R IR U IS PR3435 00 A1 T (B B D R DR 330 2 3 A R, BB XNy
PRSI 3 5. MO I 100 1 58 5 7K S 3 A1 708 T PR 5 e MUJES T 0 8 58 A S PR T PR 5 LM T R 081 8 I O 34 i 2 A PR e s D DL 34 T A 28 R, e
DXHCA LS TIAIE ) sh' A h B9 R, Rk BB BE , iR IR 07 1 i S8
K2 AR AT i S E s nT AL

Fig. 2 Visualization diagram of flow field numerical simulation under different well pattern conditions
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