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A new characterization method for predominant flow
field of reservoirs based on oil-to—flux ratio

MA Kuigian', CAT Hui', GAO Yue',JTANG Ruizhong’

(1.Tianjin Branch of CNOOC , Tianjin City ,300459, China; 2.School of Petroleum Engineering ,China
University of Petroleum(East China) , Qingdao City,Shandong Province ,266580, China )

Abstract: The predominant flow channels are the root cause of the plane waterflooding imbalance and low sweep coefficient
of well patterns in medium and high water cut oilfields. To accurately locate the development positions of dominant flow
channels in a reservoir and guide the subsequent stabilizing oil production & controlling water cut in the oilfield, by the
time—varying numerical simulation technology of reservoirs, this paper proposed a new flow—field evaluation index, i.e.,
“the oil-to—flux ratio(OFR)”,and a flow—field heterogeneity evaluation index , i.e., “the heterogeneity coefficient of OFR”,
from the perspective of oil displacement efficiency by water. According to the shapes of OFR characteristic curves in differ-
ent water cut stages and the physical background, the flow—field flow area is divided into four levels to achieve the hierar-
chical evaluation of the reservoir flow field. The verification reveals that the predominant flow channel area of the flow field
is completely consistent with the test results of tracers, which proves the reliability of the flow—field evaluation method by
OFR. This method was used to evaluate the predominant flow field in the offshore BZ Oilfield of Bohai Sea, formulate the
flow—field hierarchical control measures and policies, and guide the deployment of measures for profile control and water
shut—-off, as well as controlling water cut of horizontal wells. Upon application, the heterogeneity coefficient of OFR is re-
duced by 5.6%, which means the flow—field heterogeneity is significantly improved. This method realizes the quantitative
characterization of the predominant flow channels in high water cut oilfields.

Key words: predominant flow channel; flow field theory; profile control and water shut—off; flow field characterization ; wa-

terflooding adjustment

Yk B 47:2021-11-04

VEZ TN D4R (1971—) , 5B IR TR, #29 m 9 TR 6+, NEEE S I 25T s 3 T4 E-mail : makq@cnooc.com.

Cho

e I« ] G L 20U B ot 2 2 L% i i SRS S T R AR R 7 (20162X05058-001) , it it (i [) A7 B2

BHIFIE “Ehi A Il EAZ O BB AR BT (YXKY-2018-TJ-04) ,

LER



-114- WA M

Jit

5 X Ik *E 20224 11 H

RALIE 2 3 5 15 2% 1 TE A K @5 A il T 38
A AL FAE T IE , T B0P g & K R B
RAZRUIE AR IZKIEA K AR AR R e
U T AN 2 S B E AOK S AR TS K bR L
b, i 22 7™ 5 ] 249 24 i 9 A 20 B A JRE MK 3R 2
A g T — 28 AR A KA R T R B Bk
AR (1F 1 1R B RO AR ) P R VG R S R iR )
4 5 B IV L, S T g 5 2K 25 K 8 R )
Al FISCEEIATT . H AT E A A0S il 8 AR
7 1 F AR DB R s AR
PRI ATEES ORI A il R (B AL
P Rr S VAN =11 e N WL Y R E N S 4 €1
ek R B2 580 U7 3k R BEE M M DR R A/ R
FLIE , o0 e 498 i i 18 DX 00 e AT R 5
R T Ak L BEE o 1 M K 2, e I
] DEA42 e 3 A7 50 A 5 B 330 o A 35 A0 AR
ORI %A QIER K DRGNS IS S AL DN SO U G54
5o I, H AT ELIE S s E R Tk e
XL SIS it 38 OE Vo A B Bk oo, Gk 5
I RALEEE B IE I & 7 ARDL

TE NG 2 1 50 AR it 22 P 72 AU S5 AR B 4
2T HOECEE BT IR B TR T
THBCRE DL L S PP 0 3k | B B R S b i
DLIAGE L A8 T A A, 76 UL A E 2 A Ak
J7 HLRA WL ARH S (R, IR 70 AR
193] 7 K H R SR I DT R N REIR B B
TRESCEE/BE s S = Q8 7/ i VN = S I
BB ERAEANERS . 25 LTk, HATAF 7L

B VL IE R T I5 LI LA i 18 X
Fragem g ERAE

455 UL S Vil T8 R A B2 R A e
PR——3M18 L, SR RAE /K B8R . AR A it i
LU R AEAS [ 5 7K B Be IR 25000 03 4 Gmt 58 i IX
S, f 3] o SR B AT BLSC BERE SL, SE B TR A R
DL W E I 1Y E R AE ARG . 5 B8R B
MRS R X EE T, S R 285 R 5 7R i 0 3K
SRR 2L

i@ b iR A &

i & P fE AR 3L

LB B I E AR Z M, A R HE X
NS RALIE” I T B B EAU
WA R E SO AT o 58 1 (B R aE 1E
IO A A M5 R R RO A sh A R 2R & -2, e

1

1.1

T BN R R A AR ROK IR s = . FE T A K
(9 e A5 ph T e 98 3 2 R I R S kL, B
LAYyl SO L, FLBR AR R HZ B B R
$& w5, A AR TE B AL 1] KT AR AR
B T A8 A B P A A R R 5 K R A AN B
FER LA KK AR B AN s/ e

ST MBS T 5 , Bt — RPN o
il 555 1 19 i bR —— 9K 3 i, O O — Beisf [l iy
SRR 5 P07 L B AR T BR A I MR A AR, AR R 5

0.\ (0 (e}
/(M)(M)(M) W

U038 g RS R — T ) ) AR AR AN AR 1, R
% K43 6 22 AL BR AR RS BR0E A , 1 R B 18 R RS
AR o KRR e B T N S M S i )2 P i v 5
B AR — BCETR] P 8 o RS £L B 8 AR (pA) 1Y
TAARARRE A O, W (1) 2 AT LLAS 2% BLif ] P A 3K
Bl

(EAE S BRI FH HR, FH B 2 R AE T
W5 HRE RS PR A AT 6id )2 v ) 5 8 A4 RE X 55 55
IR, T R B R A3 AN TR 37 DX, B ek R AL
PR R LB E AR 5 1 H KRR B
A ) 5 S B KA TR B R i S I A
FEFERZ 1 AZK G wp R A FH 48 1, DR ok 7 IR 5 3 e 1Y)
Femt |, A KA IR i, KA SRR
B 58 XA — BB TR PN 22 A o sy FL B A i ALY
IKARAR AR, LR Wl T A K i 2 1 b il 5 B al ok
THRH B SR R JH Y AR 3 B A KOG v A A 3K
= N S Wy

Q. Q.. Q. Q..
M”W/(m) *(M) *(m) )

BEFE T T TR R e WS i R oK
A= A DALk 2 fe] 22 e AR S K B IR 0 B SR E
FAEEE I F B AR e, e T A,
MK B R ) A B A B K A R e S
AR A AR EZH A, B TR 3 A 18 b, 18 0 F
Wy TEROK I 28 DX 38, K R A 2 0 98 Tl

ZKORH BI85 3 3R 1 IRH ) A B, 5 i o i
AR A FAE I AR B B A B A —
iRk =D TIE LY, BB ZKORH B R 3 e BT el AR
A A% S i R, LR R R .
(5, - 5)

M,

Q

M:¢7:

F = (3)



298 ol

LG A4 — T LG AR SR A R AR T vk -115-

TH 38 Eb AT RS A Hb 221 i 22 LA 5 R KR R T s
1.2 HBLRB S RFE

DL BZ 3l FH 3t A ) 2 850k 9] et 3 R A
U 1), HEMAE 254 20 mx20 mx5 m, FLERE N
0.32, /K85 % K 1 500 mD, T 1 5 /K77 11835
RZ A0, JFEIMERE A 300 mPa-s, A T W
T8 LU AR SR L A AR AR AR, DAV IE LR Gl Ak
B, B KRR AR bR, S DS 1AL B 32 R 0
6 R, 25 T L RRAE S S 2R (B 2) o B 2 7]
U FEOR R L FE A B KR AN T, Tl HR
W IR AR o AELAS ) i B, 3ot 7K T AH . 56 RS T T 3
ot 2B AR R BB . BB, hE Lt
AR ZL 33X S A AEAR B K B B, WA i 3
Al R, P I i R R AR AL B B, K R T SOR A
X (BB ARG LT, 3 )N 5 By
B@, il 5 oK 6 R i 4 B A
b, HAF B A K I BE W BRI, KB 3 350%

CRlikiRy: 3
0.152 09 0.304 59 0.457 09 0.609 59 0.762 09
Bl s
Fig.1 Conceptual model
0.06 : :
LARIE X !
0.05 _________: _________________ [
- 0.04 ! !
£ B | nB@ | BE®
2 0.03 b DOSgKRT AKX |
2 i i
£ o0 | i
________________________ [
0.01
R L TR e —

0 0.2 0.4 0.6 0.8 1
TKE
B2 iHiE S E D Rk

Fig.2 Hierarchical curve of OFR characteristics

BN B RFR 70 B 3 AR B BeR Y, S K
i A 323 DX 5 B B ) 1 KRNy 80% i Ay,
T AT — A BRBRETT 5, i L 2k R R A P
G, i3k 2 20 R O R A s K 9 B, K AR 3l g
S AR S RE T 9 s 7 A DR K T BTk
A TERRK S BOK B R 2R T R, T R
JK B B AR e Y R A b

AR 38 L AR D 275 3 AN [R] 2 7K B BEAY %
Pr o, 153 4 Gt 3738 it (BT 2) , s B8 53511
Xof L 4 G AR B IX 3 GRS X2 A BB
KT RARFBTIX, s IR TR Yy B sk
LR,

1 REERRESBHE
Tablel Hierarchical characteristics of flow area in flow field

il L

139 ¥ b b2 & 1
Vi G S - i /B - S (13
K I DI A RN A TR
4 ik J WG E AR AN, KSR AT 2 A
FITRIZ IR, A A R ) A
2 X % R T K AT RO
- - X ISORT T K % T

TSI R TR B
A K

e EHEAK SR,

2 AT
- % K BB E HE I

PARS bR Gh/SULTIEN
K B A B ATKF
FeROK I A e

SR i BTN e k77 e/ I RN (DB A A o
TEFE 1 B e BT R4 T ) bR 3 AN
A, HE ] 3 A A B R 2 (B 3) . i3
UL ] — A5 TR A AN T O A Ak )30 30 B R
AN [R) ABARAFAE BT R 1) 38R B B, HARARAE
PRILTE - O[] 19 4% A i ik e LE e R AEAN ], (R
02 K DX E B — 8 O B AL (B o7 B 7K A
AR 0) , 7RI GRS AR b T8 R R D B X
— NI T HER R AL . Q] —FKFET A
Iei) P A Ak 1) 9k e B AT i AS [ il B R R 3/ O
2 i 1R 3, I U AR K SR e e AR R e R
R K B A AR g, B AR T2 X K K
5 i AR X TR AT A — > e G 0 SO R i 1
ATRBIRCR IR B i s o B[al— e bR AN [ R A
Ak B35 KRN TR, BIAS [5] A Ak ik 31 ] — K B 46k
BRI & K AR, XA T RATE T3 7K R AR
B 3L HAE T IR, AN RE L IE PR B R ) 4 B
PR @B IRANTR] A% T 33 FEARFAE il 28 AN

%X

s it
BRI




116+ moR M R 5 R ok %R 20224 11 H
R [R] P 98 38 LG 4 E i 26 A8 Ak A5 BT 6k 1 A 7 B A s A2TH 4, AOAH TR ERFIIEA 30 d

FEEE AR (181 3 P SR @ R 2k ), DR A [R] 0 A Ak 1Y

T3 He A2 AR AR A o
0.08 -
. 2
0.06 | o
—— 2
E 3 M K T 2 X —— 3
= 0.04
g
=
0.02F

@ﬁ%
B3 RNEAMES SIS FFE 2

Fig.3 Characteristic curves of OFR in different positions

25 B RTIR AR vk LU ARRE i 8 SR 50
ISR B I5 v AN S S o3 A 52 ), B AL
43 P
1.3 B RHX IR LG IE

ST SR T B A 38 LU 0 ST T RAE
H it )2 O 3595 8 18 25 R 1) 5 B R IE A, 0T
EhiE BZ it FH ASOH 1 A27H P 41 A B0 (E A 50 T
J&M G 5 GOV, IT SR B R RS AR L, AR
8 i3 b Bl s (] A gl 2 X0 T L U A 0 Kb
#E R : 0<F<0.001 6 24 1 G Al #5453 [X . 0.001 6<F<
0.006 A 2 24 A5 55 8l X, 0.006<F<1x10" A 3 % i
IKBTZEIX 1X10"°<F<+00 k) 4 Z A S 1K

HRAE BZ il FH ASOH FH-2H A1 A27H 21 1 7R 15 5]
DR TR AT, 2 N R AN Y i, Forb ASOH
b, ASTH TR B2 71 A G 54 d, & ek DU 2
ASOH 7 A B 7R B 7, 1 K AT SR A E S A 11.2
m/d, {0 4a 7 , ASOH 15 ASTH FHFETE 1 A 34

Jei , B AR B A27H R A BN B, K T2 A
HEHE S 10.8 m/d, HAH A WL EE ], Qn &l 4b fp
7R, A27TH FFEFB 5 AO4H F: b B i - fa] A AL T 1
FARFBRIX H 5 A2SH V@5 2%, 45 EArR,
71N B 79 i B % R 5 L A R 4 SR LA B o)
P, 365 UE T A 3l 38 H AT R S A B Kl 43 ]
P BA5 it 3 3 DX I ) D A 1 AN S B O L AR
TR BRI 45 5 FOREASOR PR , 13 b R AE 45 SR AT LA
T BT 1 7 7K S S DL K SR () A B i & B
AR

AR T i

T T AR e A TR A A X R B ek A
JE B Bs AR 2% i 20T R i AR Y B, 48
AN SRS P A E AR D I A8 2% R B, SRAEA
[F % R 7K B R Y R A o

R 1 e DX R LR TR PP A 255 T A% ) i HE A TR
MMM HES AR5 F, L F,, e 8 LR
T3 L R KON -

2

s
Gi:j;l (4)
25
S S s (RN
fx)= 26, (5)
s,
X; _N (6)

FRARVE O T il L A8 2% th 2 o — AR 4R, I

i3 73 2%

1 2 3 4

e

a—AS9HI 41

Wit o %
12 3 4

[ E—

b—A27HH 4

4 MBERBEERHLE LSRG

Fig.4 Verification of predominant flow channels



298 ol

2 — P T T H TR 2 7 o 117

PR A RIS B 75 AR ] o HSEBRIS B0 T, 3%
WA AR AR, il s A 22 LR AR 2 —
R 2, Bl B AR AR A Al B s oK
R ef AN 21

FUAT LA K IR il A 247 Jo 14 5 2 114 9 3
FARR BOE R %

Fo=1-2[f(x)d (7)

Hob F AR RS LR O0~1, F I EBOR AR 3R I
DA H T e

3 sl

A BZ il oA F AR X, T R i 78 4 HAR
W o % EAETE AJK S A% il T, R AR B R
HHy £k 2 3 B AR A EE RS, 2 A%l B K R A
X BRI, B A A TS B e
A 0 BB E i, S B T AR B 2 A
LR BB SR (B 5) o A BT AR EUE
AR DL T o S5 Ml AR A H32 Wt J E TE 1d
HA B At S22 AR R B A A [ I S B L
AR Sk

AR 1T 25 2R (BT 6) |, 7 Xl 72 ] 428 %) 5
JEUU], LA 53l A = K R [ 3598 1 i 18
PAREE AR o o BT 4 GOR P X, TR NSS4
RES N AR R s 1R 3 Pl K RIS IX, IT
AFRRE TR ST ™ il 5 1% 2 A R I, T
JEST TEZVAIC RS AT 7K TR H T 5 BT 1 3
B IX, T IR K A i

P E A e I X I ] SRR
B Vi B S A AT RE A, AR R 2 AT R

W% 53 2%

a— 151k

1_

0.8 -

0.6

RO Siig

0.4

0.2 |

0.3 0.4 0.5 0.6 0.7 0.8 0.9
B KA

— K, (M=0)

K, (M=1) K, (M=1)

—— K, (M=2) —— K, (M=2)

— K,,(M=4) — K, (M=4)

—e— K, (M=0)

—— K,,(M=10) —— K, (M=10)

—— K, (M=60) —— K, (M=60)
5 HMEERMEASHEEEENXER
Fig.5 Relationships between relative permeability
curves and displacement flux

Bk HEIEKEHIEZ R 2 R .
ACFH AR ARKYERE LIRS R AR S

A8 S U ] 98 i 8 0, 1 6 7K 8 7
IRALE X AKX 23 11 JRy B 7K W A8 77 7K1 I S it 458
PN T= = R =9 (1 N ) N 129 S R
AO7H, A45H, A24H, AOTHI, AO3H, A23H, A51H,
AS52H It 5 BEFR P KA it 6045 AO4H, A27H, A44H,
A10H, A25H, A21H, A11H, BO3H, B11H, B13H,
ASTH I s K i T 60 4% A41H, A54H, A32H,
A48H H o it S it J BH I 200 T AL Py i B —
TT I 239K T I M S R B, S IR 352
T IEE S B A ROGA R IR R AR T
PEPENY I3 X RS T T A U R 2 B T SR PN
(B 7)), fE25 & ¥ Ja i LAk 3 BT vk R 4

Wi 7 %

b—2'5 b A

6 BZiHEENREHE L RIHTENER
Fig.6  Flow—field evaluation results of main sand bodies by OFR in BZ Oilfield



-118- Mmoo M

s R I E 20224F 11 A

R2 RBFEKRFIEERE

Table2 Well and layer selectio

n for profile control and water shut—off

B2 PRI
17 AO7TH 5 A17TH FFH]
18 AO7H 5 A17H JH]
19 A29 5 A44H J: il
21 A28 55 A46H JI ]
25 A29 5 AOTH BRFSHI A44H 1R, A17H BRFE5 AOTH ER R
29 A35H 5 A48H FH: (]
40 A315 A21HF-E], A19 5 B25 /8], B11H 5 B24 H-[H]
41 A19 5 A15F1 A39 #F: (]
42 B24 5 BITH i), ATSH 5 A32H i), A15 5 B25 HI A31 i1l , A40 5 A26H H: i)
43 A40 5 A26H H:18], A31 5 A20 F1 A 15 H: /]
44 A31 5 A20 FT A15JF[R], A09 15 A39 Ji-[H]
47 B14H 5 A22H H1 ATOH J il , A19 5 A20 F1 A39 3£ [i1] , A24H 5 A23H FF:[i]
49 B14H 5 ATOH k5, A19 5 A 1SR A39 H-[A], A24H 5 A23H H: i1
50 A28 55 A14 (], A19 5 A39 FF[H]
52 A15 5 A19 1 B26 H: ]

0.791 59 /N3] 0.747 3,08 /N T 5.6%, i 373 ) AE 34 J5
P B 5 AT, 7K SRR AR

1_

08F — Uﬁ;‘%fﬁFkZO.747 3
= — EHF=0.791 5
W&
N 0.6 -
Q
x
R o4l
m O
H
0.2 |
1 T 1 1 J
0 0.2 0.4 0.6 0.8 1

A A s
7 EEREHELL SR AL

Fig.7 Lorentz curve of OFR before and after regulation

4 HHiB

St T — B TSV S b ——laE EE, i)
DT IR AN [R) T B BOK B B8R 122 1k o AR
i3 LU il 27 AN [ S K B BOE AR 73 4 i, fi
ANTR) S5 R G XIS EAT B S B S, 2B T N ik
JZ WL 8 P o 8 X A [ A7 A A ik i
FURFE T2 % B0, dilai 0 2 5 BRAS 32 I s BURE
ARSI, B 3 1 o

ST it BZ i H 68 A AN k]
SEMEIEAT I, S R RAE R B RIK S
ASOH FF4H . A27H I 4 7R 5 57 e e 4 SR AR — 2
WEBH T 207 1k B IE WA PR AN A B

FE M LU R AR S R 8 = RS R, 7E
S it 7K S KRR A KRS S T AR Y B vk
A o I LR PR O 1A T A AR SR 2
RURE I R T K GRS A T, B
THPEH X 38t B R B R R R

e ER:

A——3d KT, m?;

ALA LA ——x,y,z 7 [ R RS AT A, m?;
F JHE L, m™
F—%5 D PR AaE L, m ™

F il AR ot R E TR
G—— S B L R 8, ToE

i j—— RIS

K, ——HAHAE xS E

K, — KA E 5%

M—UREE i, m;

M, ——7K AR i, m
N——HETR () 355 A B

QO—— B BUET A J7 1) L A% FL B AR E R A T A AR TR

Q,—— RBUE 5T 1] L PR FLBUTE AR B K AR AR,



(4]

(6]

F20% Holl LG A4 — T LG AR SR A R AR T vk 119+
Qs Quys Qu—x,y, 2 J7 [ L BT B037 o 1] 36 1 £y 7K R LD ). AR UL 2019,26(3) : 114-118.
FARFR, m¥/s; WU Xiaohui, DENG Jingfu, CHEN Xiaoming, et al.Calculation of
0.,0.,0 Ax,y,zﬁrﬁjj_‘ﬂ’ﬂ;% AR, m?; injection — production connectivity and quantitative identification

S —— A ;
sm—maafmmmg;

A e, TR
Aﬂ*%ﬁﬁ%f UH 3 A% R0
¢>—3‘L|3ﬁ'i§o

S &30k

AR L R B, 2 AT i D 3L 2 K A A T B X
FIAM AT PRI ). A2 4%, 2012,33(2) : 257-263.
CHEN Cheng, SONG Xinmin, LI Jun. Dominant flow channels of
point=bar reservoirs and their control on the distribution of re-
maining oils[J ].Acta Petrolei Sinica,2012,33(2) :257-263.
SN AR B, Z2BUF , 55 A FAI5 Wi 18 % il A= 7 3 A5
Wi A7 AR SEARALLTE 52 [ . v [ 13, 2008, 20(6) : 392
394.

WU Yingchuan, REN Yulin, JJANG Hanqiao, et al. A refined nu-
merical simulation of impacts of preferential seepage channels up-
on reservoir production performance [ J]. China Offshore Oil and
Gas,2008,20(6) :392-394.

LG, T HGH , AL, 5 RS B HaS R A Y
S KR LT ] AR R, 2014, 21(5) - 85-88.

JIANG Ruizhong, YU Chengchao, KONG Chuixian, et al. Estab-
lishment and application of dominant seepage path model of low—
permeability oil reservoirs [I]. Special Oil & Gas Reservoirs,
2014,21(5) :85-88.

IV, 23R 7 TR R A A 35 Tt i
[T BrBum <, 2009, 16(3) : 50-52.

SUN Ming, LI Zhiping. Identification and description of preferen-

WU 5 ik

tial percolation path for waterflooding sandstone reservoir [J].
Fault-Block Oil and Gas Field,2009,16(3) :50-52.

XU L FAE W I AR AR R T I (] A T S T
£,2015,29(2):98-100, 136.

LIU Hong.Well testing interpretation method research of preferen-
tial seepage channels [J]. Petroleum Geology and Engineering,
2015,29(2):98-100, 136.

WREEIE W CEL, AR A5 AT ) 3l 25 s BT E Bl IA
P )] DA R 5 9T %, 2013,32(6) :81-85.

CHEN Depo, FENG Qihong, WANG Sen, et al.Predominant chan-
nels quantitatively characterized by dynamic interwell connectivi-
ty model [J]. Petroleum Geology & Oilfield Development in Daq-
ing,2013,32(6):81-85.

TR AL R F e, 5 LT WK B TSR DI A0 18 2
J5 1 ——LAIRAR i1 2y 490 [ ). 3 A<t B 5 SR WG, 2013, 20
(5):99-102.

WANG Sen, FENG Qihong, SONG Yulong, et al.Preferential flow
path classification method based on injection profile data—taking
Gudong oilfield as an example [ ] ].Petroleum Geology and Recov-
ery Efficiency,2013,20(5):99-102.

S BT WRGe A, A5 R T T M8 i T

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

of flow channel[]].Spccial 0il & Gas Reservoirs, 2019,26(3) :
114-118.

JAARAE, BRI, 5K
ﬁlﬁ%ﬂ‘{%{uu
129-136.
ZHOU Zhijun, WANG Huzhen, ZHANG Xiaojing, et al. Appling

N, A N PO 25 ) D R K 3R
TEIFFIZ D] BeE i 92 5N, 2014, 44(21)

fuzzy comprehensive judge method to identify deficient returing
well and lay [J]. Mathematics in Practice and Theory, 2014, 44
(21):129-136.

CHAN K S.Water control diagnostic plots [R].SPE 30775-MS,
1995.

TICLL 2RI SR, A5 R T BRI 3 T T R K gk
AT IRk L ] i B 5 R R, 2020, 27(4) : 79-84.
FENG Qihong, LI Shanshan, HUANG Yingsong, et al. Evaluation
method of water flooding development effect based on instanta-
neous flow field potential coefficient [ J]. Petroleum Geology and
Recovery Efficiency,2020, 27(4):79-84.

2T K, FRIR B SR, 5 At 22 0 P S 7L X K BT 2 45
WA [ ] Wr <, 2016,23(6) : 768-771.

JIANG Ruizhong, QIAO Xin, TENG Wenchao, et al. Impact of
physical properties time variation on waterflooding reservoir de-
velopment[ J ].Fault-Block Oil and Gas Field,2016,23(6) : 768-
771.

FEhi S BOKAE B 55, A LT 2 W AR 1 SRS IR
BT ] Wil <, 2019,26(6) : 751-755.

JIANG Ruizhong, CUI Yongzheng, HU Yong, et al.Numerical sim-
ulation of polymer flooding considering reservoir property time
variation [ ] . Fault=Block Oil and Gas Field, 2019,26(6) : 751—
755.

SRTT R, Lk 8, e, S RO 7 PR A IR B Y S B

(). R DAL 5T % ,2014,33(3) :86-89.

ZHANG Qiaoliang, JIANG Ruizhong, JIANG Ping, et al. Estab-
lishment and application of oil reservoir flow—field evaluating sys-
tem [J]. Petroleum Geology & Oilfield Development in Daging,
2014,33(3) :86-89.

SRIE XSG, A, 4 i iRt A I ik [0 ). R A
UK, 2021,28(4) :129-135.

CAI Hui, LIU Yingxian, MA Kuigian, et al.Study on evaluation
method of flow field in offshore oil reservoirs [J].Special 0Oil &
Gas Reservoirs,2021,28(4) :129-135.

BT X I BT I A RN A B 5 vk K B A 1 1R
S0 ] AR 5T %, 2018,45(2) : 312-319.

JIA Hu, DENG Lihui. Oil reservoir water flooding flowing area
identification based on the method of streamline clustering artifi-
cial intelligence [J]. Petroleum Exploration and Development,
2018,45(2):312-319.

s, A% 93 A K K S RO S A S A
(I b 5 Rl €, 2021, 28(2) :91-99.
ZHANG Shiming, YANG Yong. Study on the dynamic tracking

BRI

model of flow field boundaries in water drive reservoirs at ultra—



-120- WO o 5Ok % 20224F 11 A
high water cut stage[ J ].Petroleum Geology and Recovery Efficien- [23] sRAmAE, 2 b B AL , 45 . 25 R I IR 119 SR 4 1 T B 1

[20

—

[22]

cy,2021,28(2):91-99.

PR AN 1 58, 45 R /KT T A 43 DX 4 7 1k
[J]. A %41, 2018,39(10) : 1 155-1 161.

CUI Chuanzhi, LI Song, YANG Yong, et al.Planar zoning regula-
tion and control method of reservoir at ultra~high water cut stage
[J].Acta Petrolei Sinica,2018,39(10):1 155-1 161.

ARELR . KIS 2 0 H B B LR () ] R P A i
5% ,2018,37(6) :33-37.

LIN Yubao.Forming mechanism of the preferential seepage chan-
nel for the reservoir at the late stage of the high watercut| J |.Petro-
leum Geology & Oilfield Development in Daging, 2018, 37 (6) :
33-37.

PRUCHE B, 25, 45 TR AR RRAE AR 1Rl Rt /K T
ROREEACTFN ()] 2441, 2016,37(S2) : 80-86, 111.
CHEN Wenbin, ZHAO Ming, CAI Mingjun, et al. Quantitative
evaluation of reservoir water—flooding development effect based
on index characteristic model [J]. Acta Petrolei Sinica, 2016, 37
(52):80-86,111.

Bl A K TC A BRI B AL H05 Ui R ik SR AE 7

F—— ARSI W R (D] Jb st AR (e s,
2018.

ZHONG Ruihong. Identification of ineffective water injection cy-
cle and quantitative characterization of predominant percolation
channels—a case study of Changyuan Oilfield in Daqing[ D ].Bei-
jing: China University of Petroleum (Beijing),2018.

P AWK TT R il ik 298 18 58 AR B o
HLEELT ] A7 ih2A42,2016,37(9) : 1 159-1 164,

DU Qinglong. Variation law and microscopic mechanism of perme-
ability in sandstone reservoir during long—term water flooding de-

Ve]opmenl[]]./\cla Petrolei Sinica,2016,37(9):1 159-1 164.

[24]

[25]

[26]

[27]

(28]

B[] Rl U, 2019, 26(4) : 103-108.

ZHANG Fulei, JIANG Ruizhong, CUI Yongzheng, et al. Numeri-
cal simulation method of fractured oil reservoir with time—varying
physical properties [J]. Special Oil & Gas Reservoirs, 2019, 26
(4):103-108.

YOUSEF A A, LAKE L W, JENSEN J L.Analysis and interpreta-
tion of interwell connectivity from production and injection rate
fluctuations using a capacitance model[ C |.SPE 99998-MS, 2006.
TR B, SO, SR R , 45 I8 25 M1 o DX 5 4% M 2ty e e 0
iz B3 Ko s R R L) ] AT MR 5 T &, 2019, 46
(4):684-692.

XU Changgui, PENG Jingsong, WU Qingxun, et al. Vertical domi-
nant migration channel and hydrocarbon migration in complex
fault zone, Bohai Bay sag, China [J]. Petroleum Exploration and
Development,2019,46(4) : 684-692.

155 IE RN R A5 T AT AR R ALL) ]l <
o 5 R0, 2008, 15(3) : 105-107.

YANG Yong. Forming condition and opportunity of preponderant
flowing channel in thick positive rhythm reservoir [T].Petroleum
Geology and Recovery Efficiency,2008,15(3):105-107.

FU L B,LI Z P,LAI F P, et al.Nonlinear behavior and character-
ization of flow through preferential seepage channels[]]. Applied
Mechanics & Materials,2014,490/491:478-483.

FAE L XITESE, B S IR R R 2 A AU L 9B i
5 L], A2 2 U, 2016,9(3) £ 50-54.

WANG Gongchang, LIU Yingxian, JIA Xiaofei, et al. Deformed
Lorenz Curve for identifying preferential seepage channel [J].

Complex Hydrocarbon Reservoirs,2016, 9(3):50-54.

&g x) At



