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Abstract Due to the fact that the method of black oil model equivalent treatment fracture is unable to reflect the property of crack in
the reservoir quite well, based on the theory of fracture—matrix coupling seepage, a 3D numerical model for oil-water two—phase fractured
reservoir is established. By using the numerical model, the effect of different reservoir geology and development conditions on the weak
gel modulation drive is researched, and the distinctiveness evaluation for the main influential factors is conducted, and the reservoir
conditions for fractured reservoir appropriate flooding are put forward. By taking Jiangsu Oilfield as an example, the orthogonal analysis
method is used to process the optimization design for real reservoir displacement parameters, the study results involving the utilization of
weak gel modulation for fractured reservoir are able to improve recovery efficiency and have practical significance.

Keywords fractured reservoir; fracture—matrix coupling; flooding; numerical simulation; parameter optimization

0 3lIE R 5 %] 1K 2 i e 24 A e i IR L% 28R R I 2R ) — T AT

T ZEEENVE I A T K I A A rh by TR 1R A A ECHE LTI X % P i 555 R R K % il A S 3 A R A
AR B, AR AE R TR (2 B i RE 1) b i R 22 5+ AR YR Z B A 5T A, HLRCIE A U0 2R 4% 10 Ak 122 3R ) 7
B o W AT R I 2 ) B R R K U R 5 R Y R AL AT R S I A5 S i REL ) A A B
HCAS BB : 2012-10-22;45 91 B 8 :2013-01-22

ARARA . BREELBHR LT X (973 %) B (2011CB707302) ; B £AHH £ K 47 (20112X05016-006,2011Z2X05009-004-001)
HERN: REGF HLERAE MR FT QA BABIFL, 0F1EH :dongfengl17@qq.com

35 Im



] jcmik

#5218 XX (Papers)

S, 2013,31(16)

SCIEACE & TECHAOLOGY REVIER

REWTTE . T REE ST & R RO, AT RS
A RS oK A R0 R 22, TR R, R L 22 AR
Ko ARSCHN 55— ORI 538 Wi BRAR 7 ¥ | S — Bl i K 79
AR = 4 2L 5% I ORI 2 | T % 228 5% 1 3 7B 3K o 3 7
AN 3R i e SR W RS B AT T, AR SC LAY A% 28 303
i 5112 47 14 3R SRR B T

1 RE-ERBSUFHER
1.1 #BEEEXRKRER

2 Bk R A B R IR B AR IR (1) Y
JBE, 4% 1) [V L A4 A 3 2 o 20 R A 2 R e AR R A IR A
(2) il KRR 5 (3) HuJZ R KT AR J3, 2 K WA
B 5 (4) 20 B 7 B0 5 e A SR B W 5 (5) )2 i A
AU AT 45 5 (6) ThZE K25 5
1.2 BEAXBS AR

TR B W T RN
mor oo [r or +,u 7 06? ot = Puc ot (1)

Forr ke, S B RS 1B R N TR AR 1 AR AR p,
AR 1,6 2 6 BE AL AR 7, R il S AR [ B A g,
TR P9 R b, A HIEE AL B JEE | ¢, o THH I 47 28 K0 0 O I
I‘H']O

9 [ kowe dp 9
E ;L : P x; W T H Wi ¢ =Wy Pre 1# (2)

Hov oo 9 458 x MRARTT 1) ke D REER B B R w0 9 REE
TEPE pe WREENET) g T REEN R IE o BIMBLE G TR
A0 R, b R EESLIE .

T TN
me=0ffT"“ (pupr) (3)
A
1 1 1
7= a7 *aey a2
ot b R R R
A AW BEEIKE

V- (HaiwaiVCi ) -V- (prVwCi ) +H0i
+HPp,S,(RoctRu)=H I-|aip,S,C(1-P)p,g] (5)

o, v, KR 3RV B B R Sk H DR Tl S B o ST B AL B
AR RG C WS ;D WA Y R i=p,c,g, /%
IRRAEY) BN BEIE 5 Q, Ay ) B R B BT i A M
Rt 0 LAY I TR 5 R, R g 0 500 Ry 3B 7 0 i
W 5o, MH A,
1.3 MEMLESH

(1) ZEBER ML, A BRI R34 0 T T IR 5% 1 T & A 3 Bk
FISE A R IE | B 2 5510 (p )+ SR () —BEME (g) , S8 3K 5
b2 S S (R, R A0 A6 TN T (R, (58 B AE 2 S

B 36

I3 BE (R ) 3910 A
R.=-K.C}K!. (6)
R.=-K,ClK.. )
R,.=K.(C}+C)K,. (8)

m+n

Hor Ko=) (CO 1+ (man-1K, (C"(C)] "™ 1K, M fe
2 SN JEE R R €, A BOR AW B 5 C) O e B g
R B EE smn Ry 2N 908K

(2) Befi, A2 BERA R4 I B AR 2R A
B TR ST DDA BRI R R AN TR T B R
fift , B U I fifg Xk 5 5 W0 B0 WD L LD R Bh B 8 L S Bk
f B Ry SEHREG H L

(3) TR BN SR 55 0y 19 A R i B O A 3R 5 g TR R A
T A1 2R T i B HL b, 3R W W B B a2 Langmuir
A s 45 3l 25

—, _aC,
qp={ pmax 1+5C, 9)

H g WRE W B KR WIH 45 C, AR E WS a,b 57
AR EREL,
HERE — B AR AR, Bk 40 a4 v B R ok
q:=q,(m,) (10)
ek, m, S BRI B
THH IR AW B I W R B RO AT 3 R
(4) A RZBMER AR 25 KM P FAEREGY KT
BOKMREE AR, AR B0 th 5B A4k 5 RN 55 D) 5 R e
TE o BB WIR BE B KA B XN R — A =B £
TR . T 3R A WA O R A g A R | IR e K A
TN
IR T (1)
Hrb u=(Cy).
YT Z MBI, 55 Y] HOR

2n+1
7:( 4n

Horp on S By U0 48 2L,
R FNBE R A A T W RS S5 K AR A 8B
BRI EAL, BEAIRRE R SRR ZECRRFAW R X F&:
R=1+[RRF#+IRRF (13)
o ,RRF=RRF,(q,);RRF=RRFq,) L, L, 73 5 % K,
B 8 R AR R KR 26 AR AR S B R BUE R
R=pRypi (14)
(5) T R ALBRA B w540 T AW Mgk R Aot A2 AL
AR ICALBR S 1] 1 @, a, 23 53675 58 W) FNE T K% AL
B R R 8, LR /N2 TR A W 0 B IS ) T 45 0 R FL RO
JIN LI 2 72 45 R S
1.4 EREH
Wb F 1
pul(r,6,t) ‘120=Pi

| IV (05KK, s, (12)

pilf) ] =P (15)



| lemik —
M # S 2013,31(16) it X (Papers) ﬁ\
ﬁm\mwi REVIEW
ok p, M BEE F,po 9 BBE P FE AT P U
I 2% AEHE S BRI o e 7 0 7
whh,, [, 0pw By |y () 9Pc - Dk S () |, By (pE'=pa)
o [r or ’:,“+ M [w (x)axl }\—é Qv (16) QV— 1% 1221 "me * M Ax“ (20)
Pulr,0,1) ‘m\Fpi(xht) | 1, =P a7
-2 2 HEEMMREIRENRMMERESH
M T A o e NTICE SIRUL O SN AR S N
whh (30| L 0 (18) FWGOR A 404 IO BERIDT 5, T 2 AT 7 22 4
wo Lo p, R 0 2 PR 36 1 B 1),
SHESNR AeF 21 HAxtEER
i el Ve I 05 i R 2 | BLEEIE B B L R AR
|t } =0 (19) FE TR B IE R KRR IR S TR IERE 7 A

1.5 HEEBHKEE

HH T T 5 A 2 1 2 B R R AR PR A o T R iE
A R 225377 ¥ IMPESEC #8605 77 PR 5 AL i 22 3 O 72, FioK
FrREOOECE R, R T RRRT B H 3 K ) ST I O R SRS 9F
AT A R W) B sr A 7 R B Ja sk 45

2 EA R DNRKCE I 1R,
22 WEGTESH

S VB i A R 25 B S W XD, 45 R AT O
FEOINT o IEZE T 2253 W 0 ik 2 B R (D 227 J 0 Sy it
F5Q AMEMITE;Q WA TFHEET ;@ R Fy
E;® BFEENRER , 7220 as Rk 2 s,

F1 FMERKFEITR
Table 1 List of influential factor level design

EALNS IS
KF 2 i e %—ifﬁ%)ﬁ fift )2 A3 N %ﬁi hﬁ%%’]ﬁ— %%%iﬁfﬁ/ TER S/
BRI J& B fm %1% %/ (107 wm?) FRAE m™! m
1 3 5 3 10 1E 0.50 100
2 10 20 7 25 I 1.25 200
3 20 40 12 75 & 3.50 350
*2 PRERRABRZWERELHFESTER
Table 2 Result of influential factors orthogonal variance analysis in weak gel flooding
- AN
e R R 5% HL T fift )2 A3 HEJT il J23 1 1 e 2y TER SR/
S BEEL J5 B /m BiEZ/(10°pm?) AT m™ m
Sy 9.23 78.1 0.35 0.38 0.41 26.5 23.8
Fy 26.8 24.4 0.09 0.11 0.14 8.26 7.69
B F M EIGRTE CIRCRTE S NTE S N S N S B e

AT LI R 0 R S R SR AR AR B Ty 3 B I
il J2 2 (8135 13 R IE TN REEIL TS B R Z I, MEAH 2 )2 [8]
B iE AR I REEFE TS R MUK 555 B M K 2 A SR i
SR A R o R Sk Y D R A SR A R T SR OR B 1
SR IR/ | 5% 5% BB 8 B3R A X B G0 S R
R PR SRR A RURE RS R R R
e, ANF 8 JZ A BRE FERB ERMARMEH LT,
ST 3 RS T 4R R el R R B R AN K

3 4% i it R & R AT

B T 55 R M VR K 5 v A B A )2 2 ) B R
FMEEIL B E R 22 WA 2 R AT 28 4 M 80 b o7 2% 1
PR35 7 AT, 0 o e e 55 U5 P R XS T 07 |l T 2% 14
3.1 EE%E

I FH i ST ST B B AR A T 1Y) 59 R R SR
T, AT LB R B R ) G 2 AR X B AR S
RN E 1~1& 4 FioR .

37 Il



& #5218 3 (Papers) S, 2013,31(16)
ﬁ.ﬁwmi REVIEW
30 6
25t S gﬁ
% 20t 24T
\ 15F —— 7K ®s|
—a— BEIE
10 ; ' : : . 5 ' ' : 5
0 s 10 s 20 25 0 5 It? o !IS - 20 25
B iiEiER g 2 2B BRI

1 KIR B3RS RHBEILL (REEHLE)
Fig. 1 Recovery degree comparison between
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Fig. 4 Oil recovery enhancement with weak gel
displacement taking crack into consideration
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Table 3 Orthogonal design table for different weak
gel flooding solutions

i 5K HEE BERC B B PV Y
s AL R/ H P g i
K #/% (mPa-s)  fiE/PV  WHE% /%

1 40 18 0.05 20 39.7
2 40 55 0.1 23 23.3
3 40 100 0.2 25 12.3
4 60 18 0.1 20 20.3
5 60 55 0.2 23 11.7
6 60 100 0.05 22 43.2
7 80 18 0.2 2.1 10.7
8 80 55 0.05 22 43.6
9 80 100 0.1 25 24.6
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Table 4 Orthogonal analysis table for different
weak gel flooding solutions
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TR EIE NE BHL BE N
1 6.8 6.2 6.3 753 70.7 126.5
2 6.5 6.8 6.8 752 78.5 68.2
3 6.8 7.1 6.9 789 80.1 34.7

&= 0.3 0.9 0.6 3.7 93 91.8
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