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Influence of fractured vuggy structure on oil recovery
efficiency during immiscible gas flooding

YAO Jun, HU Rongrong, WANG Chenchen, SUN Zhixue, ZHANG Jianguang

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract ; In order to study the influence of complex fractured vuggy structure on gas flooding, 19 models with 4 types of differ-
ent fractured vuggy structures were established for a numerical simulation of immiscible nitrogen flooding. The results show
that, the higher the position of the vugs above the fracture, the higher the oil recovery, and the oil recovery of gas flooding in-
creases with the increase of vug density and porosity, but decreases with the increase of fracture density along the gas flowing
direction. The existence of vugs can have a positive effect on oil recovery during gas flooding, which can overshadow the influ-
ence of the fractured vuggy structure. In general, the gas flooding mechanisms can be mainly due to gravity stabilized displace-
ment, increasing formation energy, gas expansion and reducing of oil viscosity. Therefore, the oil recovery factor of gas flooding
is mainly influenced by gravity, the density and porosity of vugs and the density of fractures along the gas flooding direction.

Keywords : reservoir; fractured vuggy structure; numerical simulation; immiscible gas flooding; oil recovery efficiency; vug

density ; fracture density

BT T FH B Pl 2R B R A i R At 1) i 4 2 T

FEONZAAE TR, LA 2 00 B RRER 175 A
Y E NN Z B, I 20 th4D 80 4E4C FLINIT

A RO 48 Wk 36 [ ik R 6 7 Tl e 2
B B R SRRy 2l A g o 4 T R it

KFE B H8.2015-01-16

oS ECE, BN B A S5 AR b
Kossack ") SR F A5 50 5 4 A R0 1E A7 1 42 ) 780 34l
A S RIS AUUAIE 5, X6 5% M) 3K e R4 SR 1 PR R R AT
TR, AR s SRR B IR A
Berp o0 A S it i B, 587 2 3 Aok Bk R £k 4k

EEWA M5 “9737 10 H (2011CB202404 ) 5 S AL FEABHIR L 45 28L& T (13CX02052A) 5 H [ A7 R 24 (AR 2K) A £ RI5H

(14CX06090A )

TEERN b7 (1964-) , 5 208% Wi AR S0, R F MR B IT &2 TRMZEEMEF TAE, E-mail: youcang@ upe. edu. cn,,



%394 %2 B B AR B AR M st R AR AUBE i RO R 4G R - 81 -

{1 Bt B ML ) FROUE T AR R R ER 5 T AN )
TR B2 A 5 500 B 8% 3 e & 7K R 52
W H T A A 3 SR v I R A D
SR BN BT P b B A5 ST PR A [ R £
BABEAN IRV 5 | 22 B A (] R B B MIAN [7) 4 ) 9 265
4580 4 28 19 DARIZSHG R SET A ALY B9 E 1R
1] B8 BT A o A5 A X IR SRR B R

1 R RSB ST

1.1 HbfSRAER

PR Y FE B P 2 Bk i T Vs 4 T 7R
Yotk AE ¥ B, 2 K B A 5% W fL
GRS R LT T A LB A5 | 5
FLBRBEAR, A B A M e 1, KB O 2
fitde s (0], 445 e F B AR WAEIE S hECE R
R 5.3 km, JR IR HI)Z R T34 59. 7 MPa, b )2 5 B R
124 °C, ERRKYNELIAFH], SR 155 60 MPa
A L2V, (V, LA ZAUR Bk
FREEEN 82% ., I FHAH A 43 A B4 % /<5 b 2 i
T2 AR T 22 0 42 fb YR AT 3R F0 = A AH RIS T3
THELERINE 1(T=124 °C ,p=60 MPa) fiin, 4/E
7115535 60 MPa B | USSR AR .45 2k BE B 4T3 9R
B, W R ARTR AR o [] i 3 2ok AH 25 0 B R4
AR BRI E A R AR S B ) B ik
K17.3 mN/m , BT U3 A 9 FE B IR k2 T e i AU
UK JE T AR TR AR SRR 1 7R

CG

A
! — WA
\\ = AR

\ ¢ HURRah

/2N
/s \
/ N
CHN, C, +C0,
1 AS5MERERNI=HREE
Fig.1 Quasi triangle phase map of nitrogen and oil
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Fig.2 Fractured vuggy models with different structures

1.3 HEEUE

XHBIFE XSS E AT 20 00 | R ik S 3
o M S, e T PROIRZS D7 A 4005 S 6 R dhs , o5
H I E AR 7 MU (R 1), BE S B R
T RE B ARG L IR R R SS A RN
K3 4 7R, R e 22 i R (RS AT FE 4 A4 1 ]
FRFAHZ TR IE A S8, 1E I BE Al b 322 IO [ B9
7 ST RIS

x1 HRMELERAYE
Table 1 Data of pseudo-component recombination
for well fluid

1L 5 LA RS IR 4340
N, 0. 00627
co, 0. 00671
C, 0. 43380
Gy ~ Gy 0. 064 06
C, ~Cs 0.11243
Cg ~ Cy 0.03078
Cy ~Cypy 0.34595
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Fig.3 Fitting curves of oil viscosity and oil density
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Fig.5 Oil density under different gas injection volumes
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Fig. 6 Oil viscosity under different gas injection volumes
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Fig.8 Remaining oil saturation distribution after
gas injection of single fracture models with

different vug positions
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Fig.9 Variation of oil recovery of single fracture
models under different vug position with gas

injection pore volume ratio

2.2 BLEAEIREEXSIKM R BB R0

Wit 6 A FREEA [R] I 2 BE R AR | AR v L5
TFEEH 200 pm AR FIRERET A 10 em, THEER I
K10,

HIPE 10 AT UA Y, FEEE SR W 3R B Be, 6 A
TR SR AT 3 A5 B T A AL B A B 2 4y 98 k446
T, SRR 1A LB A AR B T S AR B R 1 G
BRIV ES, BEE AR, A R
A SR MOt e 22 1) B 22 O O, 2 i AR

BURE] 1V, J5  RUPCRIINAETG 2218, &k 5
(o 5 AT AR R A4 B 2 SR MR 2 T B4 TG ) A6
T e 2R, Ul IR B A7 A7 1) 8 i Ui
BRZRWCR 25 I [R] T A — S i [ 2R
SERfif = U s e A8 EU IR R A = ) O B T A AR
Z | UMRAEZREE TG T2 1 S LA O A R Y
TSI K, JUHR GO J7 1] 55 2888 K 1 07 1l — 2K
I AR PR ORBR R AR A R R T R o) K
A XFEE 5 AN TR B AR (8 e 2R WR K
B, I G485 A2 B A RSO ey IV 3 AR e

ZORWCRE
1.0
0.8 ==
5 06f /*H‘*" e
£,/
R 0.4
0.2 —— 04/ ——5A/mE ——104/m
154 /m2 —— 20 A/me —=— 254 /m?
% 1 2 3 4 5
FEANTLBRARR A58
E10 BEARERRZERBEREENTLE
FERRENTL

Fig.10 Variation of oil recovery of single fracture
models under different vug density with gas injection
pore volume ratio
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Table 2 Basic parameters and calculation results of

multi-fracture models with different vug porosity
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Table 3 Basic parameters and calculation results of models with different fracture-vug networks
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