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SO KRR | [R]I WAG RE % I 5 Hi AR <
IR A COL UL , Ul INHAR A3 SBEL 7 , 384 KK A )
BT, A JEH B S g Ak ok R TRk
R AARFR 3 3R SR AR o A S i 2= ) i B
P SEIGHR ST T WAG 7635 A O AR A O Y
BB RIEN IR, 45 A AT AR LA
LSS BTN T WAG IE B 15 15 R B R IR CR
R . AELEA T WAG B35 CO, BRI AICR I N
DB IERFLRRAF AT SR I, Joik it iE H TR s
GB35 5 O AR 2 A O I 5 BR 1 WAG At
HATT =, i A 3 (4 T A Fekc s COL BREE A 1
AR ISR R S H AR S

1

1.1 #R5EE

S0 FH I A ARG I8 T EE B 7K B AT 5 A v
T5C 7 T 82, 60 °C Ml J22 ¥ R i & 8 2.38 mPa-- s,
SEG FHAK A RS i B2 K, B0 147879.9
mg/L, F E & FH 8 (F 7 mg/L) B : K +Na’
45916.8 . Mg 1329.57 . Ca>* 10159.08 , C1" 89306.35 .
SO 954.84, HCO, 21326, 5Z I H CO,, 4l Ji
99.99% , bt Bt A AH IR A A . KRIREEL A
O, BIBRI NN 0.5%107 1.0x 107 F15.0x107 pm?;
NIEAEB a0, BB R Y 22 R 5(5x107/1x107
um?) . 10(10x107/1x107 um?®) F1 50 (50x 107/1x 107
pm’) .

IR e A 4 HX-2 AUfE R AR L 2PB00C AU A Ji
FAGT D ARG ) FHRE PEASR HEE.,
NI AL JYB-KO-HAG AU f1 R4 £ 40 (b
RO R IRERA RA R i 0 e ki s
(30x4.5%4.5 cm) \ [Ml R 6] \DO7-11C B4R 1]
ST B E, LRmARmE 1R,

. Dmﬁ%@%/ﬂ

DRI PRI AT

LIRS
i
1%
i

mE R

Vasiilli]
K1 COIRERSLmmFER

1.2 IREBXLW

D v F 4 e S e A R R A R
SRAAT AR E SY/T 6481—2000( Ji i = &4 Pk 43
M) , BB BRANR « (1) %5 250 il PRS2 1 I 4t
T, ARGV, A O i v 8, TR A
Vs (2) A O IFFER NI 5 ~ 6 MPa Ff4il
HAE 8~ 12 hy (3) M FNHb)Z K, M FLBRARAR V,, 31
FALBUE ; (4) B M2 IR N 60°C , % H 5 R E
AR A ZAE L AKINE B R 5 (5) BRI MIA T,
TR, 25 A E SR AT AR, TR R IR & i i
FEE, &1k 48 h D 15 (6) BALLE A5 Se kAT /K 3K,
3 38 7] [ 5 4 [9] 1 8 ~ 10 MPa, 7K B 28 55 7K F ik
£ 95% LA L Ef ks (7)TESEA COHE TR, 4%
T WAG FLBIE T A, 1A S HUE 0 A K K
WASEETE A, R 2 10 gl o SR A T
A P R T 3000 m/me 5 1E 5256, 30 SR TEA
FE 77 F B AR AR RS S I B L TR
gz
1.3 FHOLZWEARSEH

TERE Y KR 5 Sk 28 00 0 R 28 o 5 o0 JE A
BAEanEE 1 L2 iR .

1 RABIHRAEOZBEASH

KigER LB ARSI
AR L (10 pm?) % LRI %
(mL-min™) UKl
0.1 1:1 1.48 16.79 53.92
0.2 1:1 0.95 18.43 51.78
0.3 1:1 0.92 18.10 50.00
0.4 1:1 1.23 15.30 49.01
0.2 1:1 0.66 13.99 4235
0.2 1:2 0.62 12.51 42.10
0.2 2:1 0.64 12.51 43.42
0.2 1:2 0.84 17.45 50.00
0.2 2:1 0.95 18.60 53.09
0.2 2:1 5.02 14.00 51.17
0.2 1:2 6.22 14.81 56.67
0.2 1:1 5.64 14.00 55.29
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®2 FHREOKBERSH

AOKEE RINBERKZE ALBUE/%  JRIG SR AR %
1:1 13.16 60.00
5(5x10%
1:2 13.1 .
1x10" ) 316 2300
2:1 14.81 56.66
1:1 12.18 56.76
1:2 10(10x10% 14.81 61.11
1x10° pr’)
2:1 13.82 53.57
1:1 0510 19.75 67.50
-3 2
1:2 Ix107 pm’) 18.10 70.00

AR 0.2 mL/min,

2 HERSE

2.1 WAGIENSH k%

VEFRIB N 1x107° pm? 22 A5 1Y TSR 85 Sk FRAE
B A O T A (0.1 ~ 0.4 mL/min, 7K 3%
R FIK TR — 20 Ak A = SHUL
FRSZES , TR TR AR T RIBCR AN S /KR 7 A
RV ILIE 2. M 2 AT LG Y RRRB Y A O
KSR [A) 4, KT R SR g — e, K BKZE 0.3 PV
SRR BRI B B, ToaK RAIM I (0.1 PV, ULK s ]

60

(a) -o- 0.1 mL/min
50 - (0.2 mL/min
—+ 0.3 mL/min
=+ (0.4 mL/min

RMCR%
S

10
0 n s L n n
0 0.2 0.4 0.6 0.8 1.0 1.2
FABBYPV
100, me
(b)
80
N
@_ 60
%
4T 40
- (0.1 mL/min
20 - (.2 mL/min
—+ 0.3 mL/min
=+ (0.4 mL/min

0 02 04 06 08 1.0 12
HEARE/PV

E2  FRBIE A O RE AR

TR K R AR fL

P, WK G & KRG T2 95% . /KIREE o f5 T
RS , FOK B 121 SRR e, &
IKEETEOE T R, KL 4 7K R385 3K Tl o 7 5 B
1o R ICRA B RIE B T . R E R A O TR
HEAT COBREIS  TE AR B E AR
k19 MPa; KBS AR ) FHE , fie i K R al ik
12 MPa,

4 20 S 1 5 AKOR B DR AR A e I B, AR AR
80 v 0] 47 53 & 59 % (0.1 mL/min) | 77 (0.2 mL/
min) B FEARE R (>0.3 mL/min) S4B A& O 5
ZORMCRFZM AR, 4 4 SL 5 B K KR BCR BT
30%, i KB Z )G, BIEARFE 1.2 PV AL
SEE, KA RHIRE A O R R IR
R PR R CRIE 7% 547 o LI 2s R,
X FHREIS B T O, R 50 i R g

AR A il N N R AT Y EPO SN

P QN [T T AR D IR N o Sy TP (5 3
BB LU O WAG IKE , 75 CO, SRR SRR I
Wit 5 N\ R 3 N T RAARR , T B S SR SR R
ARIAE . FE COTRMENT, 2377 Az 2 Fh FEAEH
S — Bl A COL 3G I, COLFE I AR
VS S I 5 55— TE Y COL B iHTE sl /K B AH
it D ue sl R, TERHIRE i 5O FF 4T COL 8K
BT, 3K AR SR CO e D fLBR T 5 5
T gk 1) B () R B T, S0 B I e B
feit. 7E CO e E R IG , EEAKEE COH wI
(B LA TN RE D P2 R R USR, — BRSO TR WL
Fouae A B T GE , B A CO IR L IR IR
DR RRAR B 1 B O o, R T X WAG Je &
FMCRFZMIA K, W B T TERH RS B BUE L
il I WAG # f= R IR (19 7 B2 v AT 19, BERE I 3
TE LR SRR AR | B X CO, 37 BE 1 15 A AR 4
AFHIE R DL A% 0.2 mL/min JFE A Gl
1.2 PV TR 22505 .
22 HRAED WAGIKSERIEN R IR

RO [A] 1235 FARB FRIRE KRR ER L B s
O, TEK IR 2 5 K FIA 3 95% 1 FE At b e A A He
B SK EE R AT WAG B, 38 17 43 B (R 35 FR R 5 1Y
JF Ol T WAG 3R Y7538 3386 R AL BR
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22.1 HiEFE0.5x107 um’ b &

K3 8155 0.5% 107 pm’ £ 47 1 4D AEAS [A]
SOKZERE b WAG SR H ) SR A3 R A 77 Fe 22 Bl A
RBUVAE L ZE . 7E WAG SEE AT, 7EA COLJa B 7KK
MR FE R A, 5 7K 2T 40% ~ 100% 31 B i 50, &
IR AR 2 44.44%

80 -
(a) +/ﬁ‘7k[£|:112
Ry GAR
60 K201
=
=
S
o ‘ . . . ‘ .
0 02 04 06 08 10 12 14
HFEAERF/PY
10
(b) 5K 1:2
8 W S AR
£ AUKI2:
= g
Eal
R
H
0 . ‘ . . . ,
0 02 04 06 08 10 12 14
HEAREYPYV
100 A
(c)
80
S 60
%
4T 40
——UKE1:2
20 5K
K201
0 . ‘ . . . .
0 02 04 06 08 10 12 14

HEARE/PV
K3 BEFR0.5x107 wm® B0 WAG WK
e & e s Yo iFey E AL

3 41 S YR AE K IR AR 77 e 22 PR FFTE 4.6 MPa /¢
i WA COMITEAN A7 IR 2506 T R, VKB A
PR ZE IR T L KRB BB A 7 R 25
3.58 MPa, WAG XA SEE2H7E 1.0 PV B F4R UL,
TE 1.0~ 1.2 PV Z [ AP0 AN, ] WAG fig
g VR AR T, A COLR I, SEZR COL B ik, iR

ORISR, P R RHIRE Y A O R R R
1.2 PV UG RS AT /K 8, A D B S R
WCRRFERE I, A 72 BBk as , e AR ik 3
1.2 PV JE A5 Ik K88 . IWEI3 AT LA, AK
LU 1e 1 F 1: 2 52 56 21 1% 2R ISR 43 591l o 48.06%
41.56% , IR T A K Hu i) 20 1 52 56 21 1) SR U %
(53.94%) . Z3HTIAH WAG T A BRI K FIISIE ok =,
BIE, CO B ZEHE AMMRBARAL)E 5 FLIE b i i v A
e, IR AR B IK , (45 A O FLER TP i BAE B
FB L RE T A, T ) 5d 135 Ml 22 7K B A 3 T 1) o
4, Wa S AN B FE IR R 5 R o e SR K B %€
#He5h CO, BLZEMIFT RS af1, AT LAAG 5 b 47 il S A 37
JE RS ARB B R SO B A, A 5k
PR ) B R, RESE AR I R] , A COL A BRI AL
R K AR A B BB R R B o R R ISR
[F] B 3¢ BH AR5 125 359 T PR T e (00 18 35 R 24 0.5 ¢
107 um*) , R /K S8 0 ARAY AT DA i 35 42 i Ji
TRICR , 38 AT LA RO T & Fisf ]
222 HiEFR10x107 pm’ b B

& 4 B ER 1.0x107° pm® 224 B 5O 7EAS [A]
RIKZEHE L WAG 3K H SRS R A 77 e 22 Bl A

30
(a) —+5UK1:2
50K
.00 UKL 2:1
S
= 40
B
20
0 ; : ; : ;
0 0.2 0.4 0.6 0.8 1.0 1.2
HEAKEYPV
10
(b) K12
= K211
=
T 6
]ﬁ
£Log
Eul
2
0 ; ; ; : ;
0 0.2 0.4 0.6 0.8 1.0 1.2
EARE/PV

K4 BiEFR1.0x107 pm® BFCE O WAGHKH)
SRR A e 22 I 26
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TRSE, BURE , A  SURSER R COL BRI AR Y1 1 S BR 283

RFUVRIE IR . 76 WAG 25 H S5 KR TETE A CO,
Je K RARR L 75 36% ~ 100%30 [ 4 8 21, e (I
%36.36%. MEI4FTLIE T, BiEZ 1.0x107 pm* 7
L) WAG IK S50 2 9K AL F1B 8 % 0.5% 107 pm?
DS 2H B A — B, K IR IACR A , WAG B )5
SRMSCE A 2 W B I A, LK B vy AR A
I SOK A 20 1 B R R I3 29.5% 0 K IR A A=
FE R ZRFFAE 4.2 MPa £2 47, WAG [ B34 48 77 1
2574 3.46 MPa, 7KK 1Y 5L 55 2H7E 1.0 PV B
FEUR WAL 7E 1.2 PV 2Z )5 45 7= H ik 3 3000 mY/
m’e Z5A RCRIE TR BB R 1.0x107° pm’ 17
DR AR MR % 1.0 107 pm’ 50 B
ARG AE 3 WA TH BH I, R RE Ul B AR 18 35 K 1.0%
107 um? 22 47 B 250K FH WAG 565 32 1 R ISCRAIUR
KA
223 HiEE50x10° um’ b S

& 5 B 5.0x107 pm® 284 B 5O 7E AN ]
K EE WAG 3K b 1) R S8 R A 7 e 2 Bl T AR AR
AL . FETHEA COLJE 5 /K R I FEAIK , WAG 3R
B IK R AE 37% ~ 100% 3 [l % 8l & K % =
37.50%. FILAE ), BEFN 5.0x107 pm’ £ 47 15
SO S B0 2 1 7K SRR MCRAR TH A AR, WAG 3R 5 SRR

80 (a) ——5KH1:2
5Kt
60 5 K201
2
‘;Z 40 1
20|
0 : ; . : ;
0 0.2 0.4 0.6 0.8 1.0 1.2
HFEARBYPV
10
(b) UKL 102
K k201
£
= 6
=
g4
H
2
0 : ; : i )
0 0.2 0.4 0.6 0.8 1.0 1.2
HEARE/PV

K5 BiEES.0x107 pm® HFEAEO
WAG BR ) SRS 28R AE 7™ e 2 T 2

R B, SOK L AR ISR AT, K L
g 20 1B ERICR 27% K BRISH A 72 TR 22 (R A
4.0 MPa 2247 , KB B B34 1 77 R 250 3.25
MPa,

LEA B DB EF0.5%107 . 1.0x 107 F1 5.0%
107 um® 1 3 4 AN [A] K b WAG SEB6G 25 5, Bt 3¢
FIFEAR B RN S U O SR F s e 2R
WCRAR R, 24335 KK T 5.0 107 um? i, R WAG
IR REAS A FCHAN AR B IR, FEAR COL I, SELE
S TR) B3R COL A BRI AR | K e B 4R R
gz 8
23 JEHIRE D WAG BB RIEN R IR

FEX ST 001535 2R A I R FRAF 5% i JE ik I, 1F
17 T AE T O 55 T8 33 R 9 22 13 I S R E
9%, BB RY 2 5(5x107%/1x107 um?) L 10(10x
107/1x 107 um*) A1 50 (50x 107/1x 107 um?) () A 1 JE
P O FH AU S Bt 2 25 o
231 BERBEEAS

] 6 SB35 R 2 0 5(5%107/1x107 um?) ) 3
Byt A O FE AR RIS 0K F WAG 3K P SR ISCR A=
FE R ZE B ARSI 26 . SCI AT AKOR H R
TR B O S AN IR DL, R A 0 S5

80
(a) —+“UKH1:2
=Sk
60 -5 KE2:1
<
= 40t
23
20
O n 1 n n n n
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
HEAKREYPV
7)okt 1:2
g v S AR
- +SUKH2:1
(=W
s 6
e
Iy 4
H
2
O " L L L L L
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
HEARF/PY

K6 BiERYEEN S AR TA O WAG
R R MSCR AN A 7 T 22 2K
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HAEKIRZ G Fr 7K IR 5] 95% , WAG IR )5 &7k %i%
B REAS , B AR 22 0, 7B AR Rk 5 22 90k stk
A, A RIFERENE . BERHZENSHAEY
JO 2 O S 36 2 1 7K 3R WSO 3 2 I 25 0 R A T 4
15, WAG 3K 5 R O3 4 v s 2 B 4, SR L e
A SR R G, SOOK B R 2 1 A R R R
20.39% . JKHRET A 7 R 22 R 57 4.3 MPa A2 47, Bifi
BERMROEN AT R ZE TP T 0 KB A 77 e
2 PR T KA B B 4 48 77 e 25 0 3.18
MPa, WAG 3255 41 7 ARFTE 0.9 ~ 1.1 PV {E [
N, A A EL DR TR AR K T, PRSI TOK S
ZREEAR R 1.2 PV G, A S0l L 2513 25 3000
mY/m’, SRR PRI, A AT s . X
BT O, WAG SKRE S I8 5 A 3t (A T, B
IR COLTLEE , AESE S AR I ], 18 I B AR, dE I ok
ORI , FE K B Sty BH S 4 = A X8 o O 1) J
RIS,

ST AR A O B TR R
22 BIAFAE , 0 PR AR (7B alE , AR
TKFN CO, HA BEFEM: , I S B T B 35/ N v
B, EARCOMZ , 5 FIME M, &
BIZ IR 2, mRE 2 0 R
AR, B, N B EK R EE R, 52
A CO. BT Fi8 )2 1Y /K It 0 8 A, PR o fili
FH WAG B A0K L i s 1 it B . KA
B A B SRR B iCAK B 2E |, HE 80 COL Br 2EiE A
i ARBIE)E S LB R B f, (EASh <K
22 () F 26t i BEL 7 AL T 5K D7 9/, B R 4 BE g 9
AN A D R SR ok 5 TR B S e K B ZEHE Bl
CO, Bt ZE i # 8l , (i3 5 2 1) COL 3 AAHXTHILE
JE T ARAUS SRR X IR JE T SR IR BRI SR
AR, PO AR A0 COL BRI R 2 Rtk
T8 R Y 2 <5(5%107/1x107 pm?) AE itk
O, R FHAKR RSB T & 07 X R AR 25 4 5 i v R
WCR, A HUER T & A
232 HERBEHI0

K] 7 238 15 R 20 2% 0 10(10x107/1x 107 pm?) Y
R M D AR R SK B WAG 3K H SRR A
A e 22 Bl ARFRAR AR 4R, 5 /K SR 2 AR
GAHFEIRLA: . 25883 RG220 5(5%107/1x107
um?) F110(10x107/1x107 um?) { SEHR L 7T LI

Bl A OB B R R IR, SR LR SR e
(1) 52 ) T2 ST /N L 1838 R 0 2% R 10(10% 1071107
um?®) A SIS R S K HE R WAG SE5 SR ISCR 8
W EE AR, SR HE A 10 1152 12 1 B S5 21 <K
% By B R W 4 5 42 R 17.38% | 13.09% Fil
18.89% o ZK UK E Az p7 R 25 3818 1 A 20 5 (5%
107/1x 107 pm?) fY 52 56 21 19 B 8 A, SRR 7E 2.0
MPa 7247, BEE SRR A, A7 TR 2 TP IR T I, 3
IR R R 25 BRI i, KRS B B 2 A 7 TR
2574 1.84 MPa, SEIR AT SK FLBROR , DL, <
BT E SR 2 TR 1 SEER4H7E 0.8 PV I
FUR WA, AE 1.0 PV IS8T ™ 8 SOK b 1:2 A5
AU AE 1.2 PV BFF4R UL, WL AUS AR 7= A0 He itk
HE I 2 3000 m*/m’, 4k £k A JE SRR AN 14
e TRLE H, WAG IR IR P92 R 10(10%
107/1x107° pum?) (19 50 4 i R WA TH A B 1254
A, R WAG 3K AT £ 5 2RISR 17% DL, TR T
BiE RN 2E <10 AR B PE SO, T WAG g
A R AR FE 28 AR INHIA]  [R] BRE fE i 1 4
PR, P I BARBUR A Ay i, AT 4 e 3y
B U AR AR

80
(a) =="UKIL1:2
5K
60 K21
=
40
=
ES
20
0 . . . .
0 0.2 04 06 08 1.0 1.2 1.4
HEARE/PYV
5
(b) —="UKlb1:2
4 eV G AR
K211
D:S
= 3
5
42
H
1
0 . ‘ . ‘ . .
0 0.2 04 06 08 1.0 1.2 1.4
HEAEE/PYV
F7 BiERHFER 10 AR AL WAG 3R
PR SRR RN AR 77 T 22 il 2k
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233 HiEEBE50

h T RS WAG W6GE H T AR A 0B
BRI IE N AR, kPR T BB RGN 50
(50x107/1x107° pm*) B 5L B0 20 , % G BN TE B 35 R
225 Rt Aok bt i e oT 2 S, IR B 58 T
SOKEE A 12 F0 1 1 BRI sh 218 O, AR WL 8.
N ACRIRZRE B AT LUE K S EASRIRG &
IR EM T B AR B A 508 2 AR, FK AR
P TF RN B B BB SR A

BB R H 50(50x107/1x 107 pm?) 4 52 1
20, JeoK R IR, LK RSt TR B2 T, 38 7K ) SR st [ 4iE
K OKABE G RBCRIRBE A PR . N SEE 3
AT DUE KRB IR AR D B A e i, PR
JUEE SIS . BEE SRR A, KRR AT
FARAR B S b T 204 3 B B e TP A . KR AT
Az 7 R 25 KR B AR AR HFAE 700 kPa 224, 1A
PR & A A WA E AR AN R Y 3 3000
m’/m’, A DLE R3S R 255 T S0 I, KA

100
(a)

80

60

KM%
TIKRI%

40

= UKH 12 R
= SUKIL T R
== SR 12 5k
UK TR

20

0 0.2 0.4 0.6 0.8 1.0 1.2
HEARF/PV

5 +4— 4000
(b) "KL 12477 )E2%
K A R 2
A UK 2 A 3000 B
§ =K 1 A L =
& 3 S
o] 2000 £
L 2 r
H £
1000 &l
1
0 PP Y FUVYTYY 1 0
0 0.2 0.4 0.6 0.8 1.0 1.2

APV

F8 Bl R 22 R S0 MAER U O WAG Bk
BRI KR A= TR 22 FAE P2 e £k

ABHEA BHLR 2 PO T 3 52 200 1 S R
EARAIRIE JZ 5 o v B4 i R 8 20 L% i 4 52 i P 1
L PR MCRIE AT BR . DRI T AR Bk
ol HBERYIES R, AR WAG EATC
ROR 2 BRI AT 2R ] WAG 45 G 8 36 8 ) 1 it
HATIFR

3 45

FRRTB 8 A O WAG SRER I, 25 P R 5 i %
/T 0.5 mL/min o B A0 SR AR 4 2R 5 AN
K, B R 3 8 0.2 mL/min, A BRARFELE 1.2
PV LA I SRISCRECR bt

FHRB BRI B DB AR <5.0x107 pm’ [,
WAG 3K $i i R MR MR L 15 20% LA |, B WAG 11
KB RRIBAE — e R A A ] <R s R, 52
RS AR T ROR  BRAR COL B , IS BT
(], i3 COL PSRRI, , M B2 B2 g 5 RO

AR R B R 25 < 10(10% 1071 x
107 pm?) B, WAG AT £ 5 2R IR 15% LA |, K T
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Experimental Study on the Adaptation Limit of WAG to Improve CO. Flooding Effect
ZHANG Meng', ZHAO Fenglan', LYU Guangzhong®, HOU Jirui', SONG Liguang', FENG Hairu', ZHANG Deming'
(1.China University of Petroleum (Beijing) , Beijing 102249, P R of China; 2. Institute of Exploration and Development, Shengli Oilfield, SINOPEC,
Dongying, Shandong 257000, P R of China)

Abstract:In view of the characteristics of poor CO, flooding effect and serious gas channeling phenomenon in low permeability and
ultra-low permeability reservoirs, water alternate gas (WAG) improving CO, flooding effect was investigated. Taking reservoir
physical simulation as the main research method, the impacts of low permeability and ultra-low permeability core and heterogeneity
on the WAG flooding effect was studied. Selecting natural outcrops and artificial heterogeneous cores, and the injection method,
injection speed, injection parameters and injection timing were researched and optimized for WAG flooding. The results showed
that WAG flooding could achieve good mobility control and prolong CO, channeling time for low permeability and ultra-low
permeability homogeneous cores of 0.5x 107 pum*, 1x107° um*and 5% 10~ um®, and the lower the permeability, the later the gas
channeling time. As for the heterogeneous cores with the permeability differential of 5(1x107/5x107 um’), 10(1x107/10x107° um’)
and 50(1x107/50x 10~ pm®) , the smaller the permeability differential , the higher the gas-water ratio, the higher the enhanced oil
recovery. When The permeability differential was 10, the gas channeling time was obviously advanced, especially when the
permeability differential was greater than 50, the WAG slug could not start the remaining oil in the low-permeability matrix, and
only a small part of the crude oil could be displaced in gas injection stage. WAG in use within limit adaptation could significantly
reduce the CO, mobility and prolong CO, channeling time, start the residual oil in matrix and enhanced the residual oil recovery.

Keywords: ultra-low permeability reservoirs; CO- flooding; WAG; heterogeneous; residual oil
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