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Physical and numerical simulations of flow characteristics in solution gas
drive for heavy oils
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Abstract; To improve the performance of cold production in heavy oil, the flow characteristics of solution gas drive in heavy oil were
studied by means of physical experiments and numerical simulations. Firstly, the interfacial tensions between heavy oil and gas under
different pressures were measured, and then the {low characteristics of different stages in solution gas drive were appraised through
micromodel test and sandpack {looding test. Finally, physical experiment results was numerically simulated and historically matched.
The study results indicated that: gas was developed from the dispersed phase to the continuous phase gradually; foamy oil can in-
crease the flow elastic energy, which can maintain the reservoir pressure, increase the production pressure drop and improve the per-
formance of solution gas drive. Base on the physical experiments, three dynamical reaction equations describing the conversion
process of different gas components were proposed to simulate the solution gas drive in heavy oil. A better agreement between the
physical measured and namerical simulated results could be obtained.
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Fig. 1 Tracker interfacial tensiometer
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Fig.2 Interfacial tension relationship between oil and gas under different pressures
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Fig.3 Microscopic images under different pressures during solution gas drive
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Fig.4 Bubble deformation through pore-throat process
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Fig.6 Bubbles division process
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Fig.7 Continuous gas divided into seperated bubbles process
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Fig.10 3D numerical model

3.2 HiBABSEIRBE

AR AL ST 69 9 TR 3l 50 R 005 R vk v i RO S
R, EUEEET . 6E EREEE. S HEBTR
FERFEAE(E 1D, BgUaE R UE S BEE
IS 2 B S AR SE e 25 R A R X
YL HE % 18 3 A>3 Jy 2 ROl 3 R SR o e At
A2 8 Y BE 0 1y b S R AR 9 7 2 IR B TR E

8 -
6
&
S 4t
R
i
21
ol CTE ‘
1 1 1 1 ]
0 3 6 9 12 15
T E /mL
B 1l THARSBRIEMRMER
Fig. 11 Experimental and simulated results of solution gas drive
—+ N
4 4 1w

(1) YOV AT A A 5 38 38 B A A TR e o T 1 2
R B A1 TR . R & BRI P Bl
AR SRR 2 0 BD AR B9 BY U0 ) AR
WEAT R B RRAR . SR ROF IR E B R T UIE
R EUT I RS IR BT B

(2) SERDAE TR 38 55 B 3% B L VL OR 9 2 38 R 1A 19

S PR AE A I T 4R S I R IR R TR A R A
25 5 AT 2% AR 9k 7 A IR T A RR

() FEENLRAAM 8T 3 FAEAD G
A BRSO B B R 1 A BRI I i IR B
TR AR BB A0 SE 58 (B 10L& RHOR B4 .

£ £ X #

(1] © T I bR AR S 2 BRAL A A U i o SR R B

IR0 2 R AL L AR, 201334010 1128 132,

Cao Yaubin, Yu "iantian, Lin Jisheng.et al. A study on a thermal
compound chemical method {or improving development efficiency
of heavy-oil reservoirs with strong sensitivity J ]. Acta Petrolei
Sinica,2013,34(1) ;128-132,

(2] BRRSCRIE . AR, 55 B IR IF 4B 28 VU B R SRR
SEET T A AR . 2012,33(1) :90-95,
Zhang Zhongyi,Zhou You, Shen Dehuang, et al. Physical model-
ing experiments on steam nitrogen foam {looding for a vertical
and horizontal well combination[J]. Acta Petrolei Sinica, 2012,
33(1):90-95.

31 aRAERRARAS XU, S5 AT i T S9R 5 AR AT AUIR i B
FALET T A . 2010,31(4) :602-606.
Ji Youjun,Cheng Linsong,Liu Qicheng,et al. Digital experiment
on steam and in-condensable gas push for extra heavy oil reser-
voir[ J]. Acta Petrolei Sinica,2010,31(4) :602-606.

41 I B EIER Lo AR R R SRR AR A

2 4,2012,33(3) :519-524,

He Jiangchuan, Liao Guangzhi, Wang Zhengmao, et al. Oilfield

development strategy and replacement techniques! J]. Acta Pe-

trolei Sinica,2012,33(3):519-524,

AL R E PR UL, T AU O SR B A TR AR (AR

LT A sEHR . 2012.32(2) :285-289,

s3]

Pej Haihua,Zhang Guicai, Ge Jijiang, et al. Physical experiments and
numerical simulations on displacement mechanism of alkaline flooding
for heavy oils |_. Acta Petrolei Sinica,2012,32(2) ;285-289,

. Huang W S, Marcum B E, Chase M R, et al. Cold production of
heavy oil from horizontal wells in the frog lake ficld J . SPE
Reservoir Evaluation &. Engineering,1998.1(6) :551-555.

[7] Wang R.,Qin J,Chen Z.et al. Performance of drainage experi-
ments with Orinoco belt heavy oil in a long laboratory core in
simulated reservoir conditions, R|. SPE 104377,2008.

[8] Sheng ] J.Maini B B.Hayes R E.et al. Critical review of foamy
oil flow! J_. Transport in Porous Media,1999,35(2) ;157-187.

[9] Bill WS, Marcum BE,Yu C L. Cold Production of heavy oil from
horizontal wells in the frog lake field [ R]. SPE 37545,1997.

[107] Yrigoyen A, Carvajal G. Performance of a foamy oil reservoir in
pseudo under saturated state with associated aquifer! R7. SPE

69508,2001.



%2 =2

e S5 . A i 4 A S 0B A A E ) R A DN B {E A L 339

[11]

[12]

[13]

[14

[15]

L16]

[17

RED

RIE R Z P ER AL B R IR A T R R S R L)L i
WS % ,2010,37(3) :338-343.

Mu Longxin. Development actualities and characteristics of the
Orinoco heavy oil belt, Venezuela J]. Petroleum Exploration and
Development,2010,37(3) :338-343.

2 Je s, b B DG A i B 2 N i P B B R A M B S R
BEYRAE AL L A B R 5 R 2009, 36(0) 1 784-789.

Mu Longxin, Han Guoging, Xu Baojun. Geology and reserve of
the Orinoco heavy oil belt, Venezuelal ] . Pctroleum Exploration
and Development,2009,36(6) :784-789.

Smith G E. Fluid flow and sand production in heavy-oil reservoirs un-
der solution-gas drive[ ] ]. SPE Production Engineering, 1988,3(2) :
169-180.

Maini B B,Sarma H K,George A E. Significance of {oamy-oil be-
haviour in primary production of heavy oils[] . Journal of Cana-
dian Petroleum Technology.1993,32(9) :50-54.,

Sheng J J, Maini B B, Hayes R E.et al. Experimental study of
foamy oil stability| J|. Journal of Canadjan Petroleum Technolo-
gy, 1997.36(4) :31-37.

Kumar R, Pooladi-Darvish M, Okazawa 7. Effect of depletion rate on
gas mobility and solution gas drive in heavy oil[J]. SPE Journal,
2002,7(2) :213-220.
FAAAL, DR AT
#.2012,33(1) :96-100.

IRV PVT PRSI T A

Wang Bojun, Wu Yongbin, Jiang Youwei, et al. Physical simula-
tion experiments on PV 7 properties of foamy oil[] . Acta Petro-
lei Sinica,2012,33(1):96-100.

S BUFE AR VA S BR B L 4. Orinoco Hi JZ i AT & AT & 4 L4

[19

20

21

[22]

[23

QlgFa H I 2013-09-27 g[8 H 1 2013-12-17

BT T BARHL R . 2007,21(1) 1 145-149.

Qin Jishun,L.i Zhiping, Chen Xinglong, et al. Development char-
acteristics of Orinoco oil and components analysis[J]. Geosci-
ence,2007,21(1) :145-149,

L B B FRSE  BR 24 EE. Orinoco I3 U Il 1l A0 AH X 72 38 270
JPELT ] P BT E AR BSRRL AR . 2008,32(4) 16872,
Yang Limin, Qin Jishun, Chen Xinglong. Testing method of oil
and gas relative permeability of Orinoco foamy oill J |. Journal of
China University of Petrolcum; Edition of Natural Science, 2008,
32(4):68-72.,

M DGR o 22 FRE. MUK INGE D TR A 9 W RRAG BT 55 (1 . PO 1 i R
SECEIR AR R - 2009,31(6) £ 126-130.

Chen Xinglong,Qin Jishun. Visualization study on foamy oil flow
state[ J]. Journal of Southwest Petroleum University: Science &.
Technology Edition,2009,31(6) :126-130.

ZUERERR L RERL S BUEE TR MO R Al R
HUBR A 2004 122-123.

[Li Weiguos Huang Bingjias ~ong Dengke, et al. Numerical com-
putation method| MJ. Dongying: China University of Petroleum
Press,2004,122-123.

Claridge E L., Pratts M. A proposed model and mechanism for a-
nomalous {oamy heavy oil behavior] R|. SPE 29243,1995.

Bora R, Maini B, Chakma A. Rheology of foamy oil in porous
media: proceedings of Technical Meeting/Petroleum Conference
of the South Saskatchewan Section, Regina,October 19-22,1997
[C1. Regina:Petroleum Society of Canada,1997.

ke FIEE



