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Fig. 1 Schematic diagram of experimental core models
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Table 1 Basic parameters of experimental core models

iR N . SMBER AR FLERAARFR FLER AT il

\ HOgS BERgE ’ ’ .

Byl /103 um fem? Jem? % AR Jem? THIE /%

)5 189 1 S 590.88 112 18.95 67.10 59.91

Y 180 596.75 103 17.26 55.00 53.40
H10-1 599.42 122 20.35 79.00 64.75

10 50/5

H10-2 597.01 125 20.94 87.00 69.60
H30-1 599.96 104 17.33 69.00 66.35
H30-2 592.70 99 16.70 66.00 66.65
H30-3 591.41 104 17.59 63.50 61.06
H30-4 584.77 105 17.96 67.00 63.81

B H30-5 588.74 105 17.84 67.50 64.29

- 30 150/5

A H30-6 592.70 99 16.70 64.00 64.65
H30-7 587.42 108 18.39 68.00 62.96
H30-8 588.75 100 16.99 65.50 65.50
H30-9 590.80 103 17.43 66.30 64.37
H30-10 593.52 109 18.37 69.20 63.49
H100-1 595.40 130 21.83 93.00 71.54

100 500/5

H100-2 587.94 119 20.24 91.00 76.47

RIS @ BERATMHA

OFFAT KUK G WAG IR 255, 36 B f 2R 11 7
OB, EELRO~O), FEaOBRR & KA
0% I, [ R AS B i A BEZEFK BEZE, 1A
JEE A K B 74 0.3 mL/min, BEZER ] 0.1 PV,
SRR 11, A 4 MRG58, e
Wit PR AR 2S8R, LA R S THRK
K5 WAGBR R, JRRE /K IR G WAG 3K 1 S5 50 45
RGIKIRJG CO, BRI I B 25 RAEATXS L, W5
WAG JRAEAR IS 175 15 T e A3 o R e 8 42 ol
AEJ1.

1.2.2 3634 bR WAG JRJE N & 3 1L 52 36

VEBUB B R Y220 30 ZNAEX AL, KR
2K 90% HYHEA -, MR WAG BK A AU
BLEERGERIAOK R ASEGHT I . HORRf
FK L AR SRR FR R 1.2.1, WAGHIKS ik
SEG R R IR R -

O ER#EEAAM

W& W AHE E 4 91 4 0.1 mL/min, 0.3 mL/min .,
0.5 mL/min fl 0.7 mL/min, B{ZER S} A 0.1 PV, K
Fooh 1, BB A 4 DR 2k 5080 . th = il
L AR AER R SRR LR R R A
AR SR 25 T WAG BRI RIS

BB A BEE K BEFE R RS 43031128 0.05 PV,
0.10 PV, 0.15 PV A1 0.20 PV, ¥EUH#E N 0.3 mL/min,
SOKHN 1o 3B EA 4 AR 20k 3050 . 1™
Wik, PRI R 2SS . LA R ST
BN BEIE RS N WAG BRI ICR

OV X (4

W T A RBZE K B € 1 B FE L6430l o 2:1 .
11 F0 12, A A 0.3 mL/min, Bt ZE RS R
0.1 PV, ZZEEA 4 DNJEIHE LRSS T
PR ANE R R 2 TR . LR AR ST AN
UK EEAE T WAG BRIR IR

2 GRS

2.1 RBEAR BT WAG IREYE M

N TSR A (WAG) ZEAIRE B A i
P RIE I, B A A DRI L AR R
AR IEHJZ N AR B PR UOT g 1K 3RS CO,
SRS L M K B S WAG 3K SE 3, 2 FhiE A DS
ARSI 2 s, & 2 sl AEH, KIS
CO, L IR LA B KR 5 WAG JREE 2 RO 14 i 2 1)



236

FAIMBLEER 20164E9 A ZH 1 EFE 2 )

B 7 R RIS . XK B CO, 745
AR, BB R e R MR A IR O 23.25%, B
B AR B T AT 24 ST A P 758 1 4 ik
BONL), BEFGENTE, AR R AR
BOR, SRERCRESS ;s AR B, AR E
B R B R, ToE A RO R ARE E Y S
HEEE D BERFZERIR, R TR R,
SEAL MY, KRR,

KR STt WAG JXBERS 1 — & R ks IR
WOMACR . R 2 AL I, JCie X Ty B e 2
R FREAY, JKIR G WAG SR IR AR B /K K5
CO, HZAIKMRCR . TEtl, FATE SCRUCHEZE N
KK WAG B4 w8 2R 03 A9 B8 25 7K 3R J5 CO, 1 4k
SIREEECRICRE, HATT

AR = Ry _Rcoz (1)

e ARN R MR E (H, % Ry N K IR
WAG &R R, %; R, A7KERIG CO, L THRER

*®2 JKIKIE CO, EZESIKES WAG RIKIER

FRICE, %;

P 2 SRk RS WAG 3K 57K 3K 5 CO, L2 IR
MR ZEE AR 5B B RREMN KRN, hE 2 1]
DIEH, SRIBCREIZEE ARBEE 1B BRI K2
e BIHE TR S, XTI, KRG CO, &
SR IRE AR A SRTE S O R A R R 1
5], CO, Wi AP, WAGIRTEIL LR - 42 = ok
WCRAREEA R A TR, WAG IRFEB 3R
P22 B AR 1 TR 4t s SRR 1 s B T Sl W
T TBE RN 2E T 10 F1 30 AR B AL, WAG UK A]
FEZK IR A B Al b 4 R R IR 20 S R DL B, K
IR J5 CO, LR IR L4 B 10 A E 40 . BRI, M3
B R ZEAREEIE R E 100 BF, T A0 AR 38
5, WAG IR i AT R R i G s 2 R i
WAG JRIF BRI CO, L IR AR K

AT UL, 54 BHEAH L, WAG BRTE B R
ZEBNARB B AR B b B A s N . &

Table 2 Experimental results of continuous CO, flooding and WAG flooding after water flooding

BRI AT HEATT BERYE KR HERE /% PR IUCR % T LR MR %
189 CO, IK 33.61 23.25 56.86
A O AR :
- 180 WAG I 3491 27.65 62.56
H10-1 CO, oK 10 28.48 10.13 38.61
H10-2 WAG I 28.85 23.46 52.51
- H30-1 CO, IK 26.67 8.72 35.39
P EE SRl : 30
H30-2 WAG I 26.09 20.96 47.05
H100-1 CO, L 100 22.26 6.99 29.25
H100-2 WAG I 22.42 8.73 31.15
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Fig.2 The curve of EOR different values of WAG and CO, flooding to differential permeability
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Fig. 3 Displacement pressure curves of continuous CO, flooding and WAG flooding after water flooding
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Table 3 Average mobility ratio of continuous CO, flooding and WAG flooding after water flooding

SR HEATT BERI:
1 10 30 100
_ CO, 5 12.49 19.08 20.71 21.83
My WAG 3 2.64 3.78 4.97 19.85
_ CO, 4 37.36 74.25 86.34 89.47
M WAG 5K 4.02 5.36 7.21 78.31
®4 KIKE WAG IEANSHMUKIRER
Table 4 Parameter optimization resuts of WAG flooding after water flooding
ZHiAe 0T A /(mL/min) BFERGT PV SUKEE KBCRINFEEE /% S8 RICE /% IRZERIR %
H30-3 0.1 26.24 19.45 45.69
A H30-2 0.3 0.10 - 26.09 20.96 47.05
H30-4 0.5 26.68 17.25 43.92
H30-5 0.7 26.36 13.74 40.10
H30-6 0.05 26.47 17.57 44.04
e f H30-2 03 0.10 . 26.09 20.96 47.05
H30-7 0.15 26.26 15.11 41.37
H30-8 0.20 26.15 13.39 39.54
H30-9 2:1 26.13 12.72 38.85
KL H30-2 0.3 0.10 1:1 26.09 20.96 47.05
H30-10 1:2 26.72 13.35 40.07
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Parameter optimization for enhanced oil recovery: Mechanisms of WAG
flooding in heterogeneous low permeability layers
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Abstract Low gas displacement efficiency and gas channeling phenomena usually occur in heterogeneous slow permeability
layers. Water alternating gas (WAG) and CO, flooding can effectively improve the gas flooding efficiency. The adaptability of
WAG flooding for low permeability layers with heterogeneity was confirmed through laboratory experiments. The mechanism
of enhancing oil recovery was then revealed through analyzing the mobility control ability of WAG flooding. Better adaptability
of WAG flooding was found in weakly heterogeneous reservoirs compared with homogeneous reservoirs. When applied in low
permeability reservoirs with weak heterogeneity, WAG flooding can present excellent mobility control ability, which compels
the injected fluid to displace the crude oil in the relatively low permeability layers, enlarges the swept volume of injected gas,
and then improves the CO, flooding efficiency. The parameter optimization results of WAG flooding showed in laboratory tests
that: with a gas injection rate of 0.3 mL/min, a slug size of 0.1 PV and an injected gas/water ratio of 1:1, 21% of OOIP can be
recovered by WAG flooding after water flooding in low permeability layers with heterogeneity.

Keywords low permeability reservoirs; heterogeneity; WAG; mobility control; EOR
doi: 10.3969/j.issn.2096-1693.2016.02.019

(¥ BHiR)



