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Physical simulation experiments on CQO; injection technology during steam assisted

gravity drainage process
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Abslract: This study aimed to further treprove the development effect of steam assisted gravity drainage (SAGD) in consideration of
the current development situation of extra-heavy oil reservorr 1n the Guantao Formation in Du8+ Block of Liaohe oilfield. China.
Two-dimension physical simulation experiments were carried out to improve the production mechanism and feasibility of SAGD
process through CO: imection, The results showed that 1t was feasible to apply CO:-assisted SAGD for the developmemt of extra-
heavy oil reservoir in the Guantao Fornzanion. The mjecied CO; had a dual effect of non-condensate gas and solvent durnng SACD
process of extra-beavy ol reservoir. According (o the analysis of temperature {ield data. COy injection contributed to lateral expuan-
sion of SAGD steany chamber and increased the fransverse wave and volume of steam. Additionally, COs injection significantly im-
proved reservotr recavery factor. oil steam ratuo. and ail productian rate af SAGD. The mfluence of CO, amaunt on SAGD develop-
ment was further analyzed, and the COs-to-steam injection ratio was preliminarily opumizee. to be 20%.
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Fig. 1

Physical simulalion experimential system of CO, injeclion technology during SAGD process
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Fig.2 Model ontology diagram
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6

AR TE S T TR B SACD Y S 1151

(a) 100% #&¥(, 290 min

(c) 80% #¥+20%C0,, 390 min

(b) 90% #F+10%C0,, 290 min

A
(d) 70% ZEF430%C0,, 410 min

HWHE/C

50 65 80 95 110

140 155 170 182 200

B4 100%7EE SACD 5RE) CO, SEZANBEREHHRRER

15 @ TE B3R T &4 T . CO, S AR 48 B SAGD I 3%
SR A5 R B AR TP I COs AR Y L Bl A
10% 5 ZE 20% o FF R BOR AR 5, H 4k S 8 m % 30%
IRF o FFRAICR AT AR 22 s QM F I 1 ISR 2 Y45 3R
B R A IR AR BCREEA MR AH SR 1 LS
2ZWT 1578 g T 2 UL 1 2T 3. 9¢
1 CO, k.,

T 4 YRS 56 o A o 2R VUK B R S AR AR U B
BIFIBTER AL AT LA B (3 Al 4) .

(1) 5238 1 9 100% 7€ 75 SAGD R J5 3N 10%
CO, PRIF R i By 200 AL 15 5L LK 3 ()], 100%
8% SAGD W ZE R IR BE L 4 1 SF W L 28 VU ZE A 1l
A" R R A K TR e R L AR KB
T 278 YR DI 300 A 0 St T i, 76 e A 26 0B
WINT 10%CO, SR, IR m L0 5 v B
U | 2 T 1A [0 4 B » 26 0T TR ARt DA I K 1 98
U W AR Dl DA 780 L U B SAGD IR £ o S 38 Aot
I COx SR AT LA 204m i 26 v 8, il A% SAGD 119
RVCBR AT 1) BT R ARV A 1) B S R, LR T
VIR AR » AT $2 de e 28 RS RI T /¥R L

(2) W 2. 508 3 MLW 4 HENR P HEW
10% .20% % 30% CO, SEFFMHNEXRBEHELE
SLLE 3(b)—E 3(d)]. X 3B/ELRIBFAERER

o

HRIESBATHEZY T SAGD HF & & CO. 54k
WS 0] ABCE B R RS R CO. S I
Bl — A A PR TEE .

(3) M 4 LS50 45 B 76 U A T R 2 R /W] X
F (B 4):100% 7 15 SAGD 453, 78 35 I 19 (R B
KB 1680 cm® s M 10% CO, T SAGD 25 i ft
AVVERRBURE] 2310 em’; N 20% CO, k1Y
SAGD 3 5 85 3 i . 7 VO 1 R BUA 3 2 840 em'; 3
M 30% CO, “{ 4k SAGD %5 3B, 78 5 11 (19 1A BR 3k
2480 cm’, A 4 41CEAYZEIUE KD RERWE R
/R A B VE AT 4 1T A R G CO, AR 1Y fi
B 20% . XUl CO, SIRHB) SAGD R 75
RFEHAR LRI @A 47 B R R aG - 61 2
A% st R A O ) R B AR BB R AT & R R A S 28 U T
A7 .

TR

(1) SAGD E# s hn CO, K44, g8 & 7
100% 77 SAGD F B h = MBI EEALR A ]
MR D RIS MY KU LR,

(2) SAGD =g B M CO. Ak X
BRI R A R AR R R AR, B/ K SR
K FE SAGD PG CO, KRN BT I+ H A%



1152

ve] it

& 201445 HI5HE

RPN CO, SRy e BITFE— NG M THE .

(3) CO, JiXKHB) SAGD F A& RIEHKA L £TIT

B - AR AL RE B 55 SAGD SRR i/ 35 Lb B 3R i
BEARER R CO, SAAaVER AT IZ I RIAT 7 .

(e |

[4]

[1o]

Cril

2 % X ®

Jutler R M Stephens D ), The gravity drainage of steam-heated
heavy oil 1o parallel horizontal wells[ 17, Journal of Canadian Pe-
troleum Technology. 1981.20(2) .90-96,

Butler R M. A new approach to the modelling of steam-assisted
gravity drainagel J . Journal of Canadian Petroleum Technology .
1985,24(3) :42-51,

Butler R M. Mcnab G S. Lo H Y, Theoretical studies on the
gravity drainage of heavy oil during in-situ steam heating[] 7],
The Canadian Journal of Chemical Engineering. 1981.59 (4);
455-4610),

. EBEE SRR BRI A H S KT HAA
SAGD #ARMFFE 1], GBI 5 IF R . 2007.34(2) : 234-235,

Lin Shangque Wang Niacchun. Gao Yongrong. et al, SAGD
process with the condbination of vernieal and horizontal wells in
super-heavy ol reservoir[ ], Petroleum Exploration and Devel-
opment. 2007.34(2) .234-238,

Butler R M Yee ¢ (LA theoreticnl <tudy of steam condensation
in the presence of non-tondensable gases in porous solids[ |7,
AOSTRA Jaurnal of Research. 1986.3C1),1-13,

Butler R M. Yee C T, An experimental study of steam condensa-
tion in the presence of non-condensable gases in porous solids
[J1. AOSTRA Journal of Researcl, 1986.3¢1);15-23,

8 T RE R B R RS L ol o S Rl 3 AR B A A ik
5 SR WS LY 1. o B b ot - ST 2003417020 £ 123127,
Yang Naiqun.Chang Bin. Cheng Linsong, Improved the way of
the steam assisted gravity drainage of exiraordinary heavy oil
reservoir application research[ ]7]. China Offshore Oil and Gas;
Geology . 2003, 17(2) 1123127,

ey AL oK L B 190 L AR PR I T g gt il R e e O
S Rz L) ] FRRR SR 2007 (140 2)  70-72,

Zhang Fangli.Zbhang Liping. Bao Jungang.et al. The application
of steam assisted gravity drainage technology in exira heavy oil
[17. Special Oil and Gas Reservoirs. 2007 .14(2) ;. 70-72,

Yuan Jianyang.Chen J«Pierce G.et al. Non-condensable gas dis-
tribution in SAGD chamber[ R 1. SPE 137269, 20111,

Gao Yongrong. Wang Hongyuan, Shen Dehuang. et al, Research
on improving thermal efficiency of SAGD process [ R |, SPE
1453769.201 3,

o R SR L T AT R AR SR RUCAITID SAGD FF R AR IR BT HE
[, & il 240 . 2000, 3005) . 717-721,

Gao Yongrong. Liu Shanggi.Shen Dehuang. et al. Optimization of

E‘():

(171

v
=

£19]

[20]

U B H 8 2014-05-11

Na injection technulogy during steam assisted gravity dramage
process[ 17, Acta Petroler Sinien . 2009.30(3) ;717-721,

Bagei A S.Cumrah F, Effects of CO; and CHy addition 1o steam
on recovery of wes, Kozluca heavy oil[ R, SPE 86393.20u4,
Law D H S Disposal of carbon dioxide. a greenhouse gag. for pres-
sure maintenance in a steanr-based thermal process [or recovery of
heavy oil and bitumen[ R, SPE 86938 .20014,

Bagei A S.Sotuminu O G, Mackay E ], Performance analysis of
SAGD wind-down orocess with CO: injection[ R]. SPE 113234,
2008,

Gul A Trivedi ) | CO; based VAPEX for heavy ail recovery in
naturally fractured carbonate reservoirsL R1, SPE 129594.2010,
IR E 0T AR S H AT ) SAGD BBt g [,
$ Rl T 2011180 1) 2 58-60.

Li Zbaomin. Wang Yong.Gao Yongrong.et al, Flue gos assisted
SAGD numerical simulation research [1]. Special Oil and Gas
Reservoirs. 2011, 1801) ;58-61),

)RR A% RS KB WSAGP) TF £ 45
(F - A5 25 {4 B D i CSAGDY RS L SR L) 1. &l ) 2% 5 9T
B 2011.3801),79-83,

Liu Zhibo. Cheng Lancong. Ju Youjun. et al. Production features
of steam and gas push;comparative analysis with steam assisted
gravity drainage[ 17, Petroleum Exploration and Development.,
2011.3801):79-83,

LGNS S S BRI COy SRR ENE
kAR AEEES L 2011.38(5) .600-605,

Li Zhaomin. Lu Teng. Tao Lei.et al, C0): and viscosity breaker
assisted steam huf and puf technology for horizontal wells in a
guper-heavy oil reservoir[}7 Petroleum Exploration and Devel-
opment. 201 1.38(5) ; 600-603.

) A - B LI A A SR COy il U B 5 K T R4 5 28 1R
AT, F il . 2008.2903)  414-417,

Liu Shangqgi, Yang Shuanghu. Gao Yongrong. et al, Study on
COs-assisted steam flooding process combined vertical and hori-
zontal wells[ 1], Acta Petrolei Sinica,2008.29(3) . 414-417,

PR 3k S SR EE 4. B8 il i AR OB L S B i CO Bk R
FeMrell]. Al . 2005.2601) . 83-86.

Shen Dehuangs Zhang Yitang. Zhang Nias et al, Study on cyelie
carbon dioxide injection after steam soak in heavy oil reservoir
[17. Acta Petrolei Sinica,2005.26(1) : 83-86,

AORTE MRy 0] TR S ol A 7 A R
FAL RS, AR 2010, 3104) 1 602-606.

Ji Youjun.Cheng Linsong.Liu Qicheng.et al. Digital experiment
on steam and in-condensable gas push for extra heavy oil reser-
voirl 1. Acta Petrolei Siniea . 2010.31(4) :602-6U6,
8

W E E ) 20 14-u9-07 EE



