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Experiment and numerical simulation on mechanism of
CO, assisted mining in super heavy oil reservoirs
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Abstract: Steam assisted gravity drainage (SAGD) technology is applied to develop heavy oil reservoirs. CO, can reduce
the viscosity of heavy oil and the heat loss of the steam chamber can be reduced , and thus oil recovery may be enhanced by
this technology. Due to the limitation of experimental environment and equipment, the maximum temperature of reaction
kettle is no more than 150 °C. Thus the solubility of CO. in super heavy oil and its impact on decreasing viscosity beyond
150 “Cstill require further discussion. In terms of these issues, a high temperature and high pressure resistant heavy oil mix-
ing apparatus was designed, and the solubility of CO; in the super heavy oil and the effect of dissolved CO, on the density
and viscosity of the super heavy oil were measured at different temperatures and pressures. Laboratory tests show that the
solubility of CO, becomes significantly low at reservoir temperature of 200 °C, and the viscosity and relative density of the
super heavy oil will not change with the pressure. The viscosity and density of the super heavy oil saturated with CO, are
much lower than those of the degassed crude. The dissolution characteristics of CO, and the mining effect of heavy oil were
numerically simulated by CMG software , and the recovery rate of heavy oil reservoir was improved remarkably. It shows

that the super heavy oil reservoir can be developed at reservoir temperature of 200 °C.

Wk B #1.2017-07-12,
YEBTRIAY : EARNT(1993—) , I Wl AU g S A, 28 A - 0F 58 A , A i BT & Py B S 05 e oY o 6 R HLTA - 18813050991, E-
mail : 851158696@qq.com.
EITHIEE  XIMSRER (1969—) , I, ILZR RN, RIE2 , 1: BE R LT £ 13522168398 , E-mail : Ipc@cugb.edu.cn.
FELTH ¢ R T AR TRE A A ECE IO & AR AR S5 R )7 (20162X05016-006)



$oadk: ol

EARRNUAGE SRR I COL A BT R FHALER S 56 5 BB AU 5T 87+

Key words: super heavy oil reservoir; steam assisted gravity drainage (SAGD) ; viscosity reduction; high temperature car-

bon dioxide ; numerical simulation

R U0 7 O RS S 5 v R B R i
T 3 TR BE T SRS BE K T 50 mPac- s, TR
AR TH 8 7 0 I BT B AR R B R 1%10°~5%10°
mPa-s, B CRER W ) H6 70 0 IR B2 T 1B <R
RS BE R T 5%10° mPa-s'"' G039 ga M AR i 1 A
DX B TR I BT 0 AT 1 S B Ol 11.76 %
10 mPa-s. I JLTAEk BRI Bk i ™ i 1) o1
BREE LRI K, OM T AR T B 2 ARG R
TR AR A F 1981 4F, Butler 55 15 I3
RV B E R (SAGD) | & R Rk B
) 2 AR R S R R S TR R SR S AR () T ik
— IS T BRI (HE LR SAGD
FEARAE PR = P AR K R B K R
FOM AR I EE 0] F . 1997 4E, Butler IEZUER I T
SAGD AR Wtk Ty e ——3RBERT UM ZE ¥ E it
THEAR(SAGP) , CO M) Z W T SAGPE AR,

COL A —FIRIET AR B SR . FEE T
K 7.495 MPa L M 31 CHE, CO, AR I FLIRZ
VR MR BE RGN . COL¥ TS | RE S 1S KA
TR (LRI, DT AR EORE B2, 08 B8 i it 50
PET S COLRTZEOCH A3 v 52 B4l o, JE A COL
S I NI YNGR ki A NSRSk A
TR/ INFRIHT 0 38 S BEL g, 8 R Rk, mT
1 COMER BRI, FH T 2875850 Bh T R A

R T G et COL B sl il ook o
G X COLZE TR A BH AR R T R AT T KA )
WF5E . 2007 4, Sohrabi 55 I AL (E AL 7 32, WF 5%
X ARTH M COL K K IR AN COL K SRR BRI R R
KL, COS KA YR L BR4G 1) COLBK K IR 5
FWE30% 44", 2009 4F , Mg 54541 %F COL 4 Bl
RV I R AR P ML AT TSR, R
FEEL R Yol Yo 7 1% D R i kA A A SRR TR
CO. Ji 1A FE B i 9o 7 A 24 I K, R 186 o ek 7 %) 5
B S 2010 4%, RICBH 1% 0 25 % e 8 vl e iy 2 B G
55 COM BAE FHPLEIEAT T HIFFT , & BUE AR 1 1 7
VA COLJT BRUHPARR BE R B R R, R B, R i
JERK ™ 2013 4EA= IR BAFET KT COLXT B R )
Ko R HLEE DL 2 AR ORI AT TR, R COR
fift BEIR N 55 m'/m’ B, BEAL 385K 95% L) 11

DL COLZE 755 B - R AR I I 10 A 5% 32 22
S HTED S N R Dy T, TR 2 R 1) COLTE B
T A ) V5 R L2 B C.O X S 0k 0k 8 P Doy 4%

JE KGEE (52 I i = 58 TR 5 [, DR R S8R 7%
MTE G , 52 R T2 3450, & R IR AR AE =
JE S5 A PR LA/ DN, i A SE 30 AN e i
BEINFAE] 150 °C, X FHREE & F 150 CHE 5L
UERBAEFISTT R ZE ", Ak, 5 A
TR A ARk ] %) s R e R AR T TR R W e v i AR
JEE 4 R 51 200 °C o SR BT s A AR il B A DX Byl
FE, T T COAERBRIHIHE Vs A, L i it
CO Ji Xt 78 8 70 174 5 30k 28 88 UK B ) 5% 0, 43
M COL %l BY R BRI ML B A B 5, 1 I 22K
BEAAL KA CMG BE4EL7E 200 “CIRJE Z&F T, €O,
FE B S AR BRI I H A DX R ek LA PR 10 a Ji
TR A AR

1 JRaH S5k

1.1 MR E

SEE AR SCER B RE 35 A A AR I A A
COo ST FHH A B BT S H ek vl A DX )
B , 5256 SR 4l A 99% 11 CO,.

AR EURE Y S g R B AT i TR AR
SRS ge e B (B 1) £ 255 : OYRD-HY &
T 5 e B P TR ARE 25 (e =i i 3L A 200 °C) , 7] LA SR
TEFG I E R XA COLJE B 17 R
FE o QURFERR, ZEIRFERR A T #EZ K R B0
P PR R UE R FE R . P Ze s, FEAEH
ST S AR b D v Yk v R e TR 2% P R TR AR 4
R R AR . R R N 60 mL, @5 R,
SIS 1 ek e PRI TR A 2 R A AR S
PR FEE S B R . OB RERS, £
BRI I B AN AR B AR AR N R T iR
JEE B A T S A

AEE

Bl REMEENIRESE
Fig.1 Sample mixing and sampling device
HA M CO MM E LK RE I CO,
ViR R 2 20 (1 2) B4 - PRl 2 N



iR

Jit

5 X W % 20174E11 H

o ] 75 4

IEEEE ST
E2 B#mCO.FEEMNELKEE

Fig.2 €O, solubility measurement device for super heavy oil
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Fig.3 Relationship between CO; solubility and temperature
in super heavy oil reservoir
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Fig.4 Relationship between CO; solubility and pressure
in super heavy oil reservoir
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Fig.5 Effect of CO; on relative density of super heavy oil under
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Fig.6 Relationship between the viscosity of degassed
super heavy oil and pressure
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Fig.7 Relationship between the pressure and viscosity of
super heavy oil saturated with CO,
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CO: in super heavy oil reservoir after 10
years of CO; injection
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Fig.9  Longitudinal distribution of remaining oil saturation
after 10 years of CO; injection

4 ghe

FEIMPIRLE S} 200 CHT, COL7E FEH I A7 it
JEE AR KA, 4011 CO, S F R B ik 235 B LA ANt e
IR ZSAL T A AL . AN COLJ5 R H RS B 528 T
FEAR R AR 1A R0 RAIG T LY L A 200 °C
EL T COL S A RE FRTH A B AR AN P 7 928 1k
TAEA , A TS B AR B RS e R . a4
CMG B EAR AL B, T BCRLEE ol 200 AR, =
SR AE T P B R TR R R AT
DA SE B R BRI I A T A BRAR R T

SE

[1] Byramjee R J.Heavy crudes and bitumen categorized to help as-
sess resources , techniques [ J ].0il & Gas Journal,, 1982,81(27) :
78-82.

[2] Lu C,Liu H, Zhao W, et al.Experimental investigation of in—situ

emulsion formation to improve viscous—oil recovery in steam—in-

jection process assisted by viscosity reducer [J].SPE Journal,
2016,22(1):130-136.

[3] Liu P, Zheng H, Wu G.Experimental study and application of

steam flooding for horizontal well in ultraheavy oil reservoirs [J].

Journal of Energy Resources Technology,2017,139(1):1-9.

TR BRI BT IR B 50 A By HOT RAEAR R BLR S e 22T ).

RERIIH AU, 2001 ,8(2) :98-103.

Yu Liandong.Distribution of world heavy oil reserves and its re-

[4]

covery technologies and future [ J ].Special Oil & Gas Reservoirs,

(6]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

2001,8(2):98-103.

Butler R M, Stephens D J.The gravity drainage of steam—heated
heavy oil to parallel horizontal wells[ ] ].Journal of Canadian Petro-
leum Technology, 1981, 20(2):36.

Butler R.The steam and gas push (SAGP)[J].Journal of Canadian
Petroleum Technology,1999,38(3) : 54-61.

2] Rl RN AT T % A B B 28O 5 i AR S
B LT ] i TH B RICR , 2015, 22(1) :84-87,92.

Li Xiangliang.Experimental study on the effect of temperature
and injection pressure on CO; flooding[ J |.Petroleum Geology and
Recovery Efficiency,2015, 22(1):84-87,92.

EREAR TR A 5 A BRI A R SR TR P [ 2 AR
AR SRR RS [ ] il TS R, 2017, 24(1)
64-68.

Wang Zenglin, Zhang Min, Yang Yong, et al.Effect of influencing
factors and their interaction on thermo— chemical recovery of
heavy oil [ ] ].Petroleum Geology and Recovery Efficiency, 2017,
24(1):64-68.

SR PAEAR, WK, AF . SRR B SAGD Py B
FUSERL) ] A, 2014,35(6) : 1 147-1 152,

Zhang Yunjun, Shen Dehuang, Gao Yongrong, et al.Physical simu-
lation experiments on CO, injection technology during steam as-
sisted gravity drainage process[J].Acta Petrolei Sinica, 2014, 35
(6):1147-1152.

WL, EATF J L] AN ZE A I WA TEATL ] COL i
AL L AL, 2015,37(4) :439-444.

Li Kuang, Wang Guoshou, Zhou Zhuoming.Inorganic carbon diox-
ide gas reservoir formation in Changling Fault Depression,
Songliao Basin [J].Petroleum Geology & Experiment, 2015, 37
(4):439-444.

Ffg, Bl PR 2L, AF BRI FAST-SAGD AR i A
ALY ] il URE, 2016, 23(2) :89-92.

Wang Jianjun, Ju Binshan, Chen Changhong, et al. FAST-SAGD
application and its influencing factors in super heavy oil reservoirs
[J].Special Oil & Gas Reservoirs,2016,23(2) : 89-92.

Sohrabi M, Jamiolahmady M, Quraini A A.Heavy oil recovery by
liquid CO»/water injection[ R ].SPE 107163,2007: 1-8.

P, 2R, SR, A5 . AR B 285 A TR B R il L
Bl—— L Il A 411 95 DX 49 [ . 3 b 5T 5 R
2009,16(1):51-54.

Tao Lei, Li Zhaomin, Zhang Kai, et al.Study on the mechanism of
CO,-assisted steam puff and huff in ultra—heavy oil reservoirs—
taking west area of Zheng411, Wangzhuang Oilfield as an example
[J].Petroleum Geology and Recovery Efficiency, 2009, 16 (1) :
51-54.

WK AL, AL IR RS BB 1 B H COLAH AR FIPLERIFSY
[J].HiR T.22,2010,33(4) :90-93.

Ouyang Chuanxiang, Du Xiaoxia.Physical property of super—
heavy oil and the mechanism analysis of the interaction with CO,
[J].Drilling & Production Technology,2010,33(4):90-93.
IR, PNGERS , RIS | 45 . LR AE R 8 BRIl il BB R
AOVEFIBLELLT ). AP <UL, 2013, 20(5) - 122-124.

Li Zhaomin, Sun Xiaona, Lu Teng, et al.Study on CO, mechanism



$oadk: ol

EARRNUAGE SRR I COL A BT R FHALER S 56 5 BB AU 5T

<91

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

in heavy oil thermal recovery for the Mao8 block [ J].Special Oil
& Gas Reservoirs,2013,20(5) : 122-124.

BRI XA, RS2, A5 .CMG BRI T8 s i 4
SRR AL [ C 1/t S 3t o A5 (B AL AR o B 2
et i E A 22, 2007

Huang Weigiang, Zhao Lijing, Deng Aiping, et al.Numerical simu-
lation of CMG software applied to heavy oil reservoirs[ C J//Reser-
voir geological modeling and numerical simulation technology ap-
plication.Beijing : China Petroleum Society, 2007.

TJTZ5 P, 25—, 55 . T A% IR 28 R At it s — S Ak
IRECHGBFEL) ] R R, 2016,23(4) : 123-126.

Pu Wanfen, Sun Boshuai, Li Yibo, et al.CO; flooding experiment
of super—heavy oil reservoir in Tahe oilfield[ J |.Special Oil & Gas
Reservoirs,2016,23(4) : 123-126.

Liu P,Li W, Hao M, et al.Quantitative evaluation of factors affect-
ing foamy oil recovery in the development of heavy hydrocarbon
reservoirs [ ] ].International Journal of Hydrogen Energy, 2016, 41
(35):15 62415 631.

AIA, F i, 5K, A COTE BNt PR A AR SR [0 ] o
FELA RS2 FLARBLE IR, 2008, 32(5) :92-96.

Li Zhaomin, Tao Lei, Zhang Kai, et al.Experiment on CO, dissolu-
bility in ultra—heavy oil[J].Journal of China University of Petro-
leum : Edition of Natural Sciences,2008,32(5):92-96.

ML, BT, TR, A5 .COLZE B Hh A i 1 AR S 0 AT
FELCICOAEFE B AT FEIRAL A AR 218 S8k . it
PR R 22,2009 5.

Sun Renyuan, Zhan Yongping, Zhang Yuanfa, et al.Experimental
research on CO; dissolubility in heavy oil[ C ]/Symposium on con-
trol technology and resource utilization of carbon dioxide emis-
sion reduction.Shanghai: Chinese Society for Environmental Sci-
ences,2009:5.

EAT, w0 R, A5 . AR I TR I AR
BT ]ALT 24 ,2016,67(2) :442-447.

Wang Wei, Gao Qiang, Gui Xia, et al.Determination and model
prediction of solubilities of CO, in heavy oil under high pressure
[J].CIESC Journal ,2016,67(2) :442-447.

558 COTEINE BRI P A AR LT AT [ ). A i BT 5
TF%,2017,36(1):134-137.

Li Liang.Analysis of the dissolution property of the CO, in Gudao
heavy oil [ ] ].Petroleum Geology & Oilfield Development in Daq-
ing,2017,36(1):134-137.

2 , KM , TR 2, A5 PR AR SRR IRBL I 1R 5 ] PR 3R
S [ 1] AR, 2014,35(5) :935-940.

Li Yanhong, Wu Yongbin, Zhao Fajun, et al.Influence factors ex-
periment of deasphalting in solvent vapor extraction [J].Acta
Petrolei Sinica,2014,35(5) :935-940.

B, G, 28, A el e AR PR T AP e A — S A Bl
fi ek g [ ] A OR g 2 e HARREA, 2011,35(2)
6-11.

Fan Hongche , Huang Zhilong, Yuan Jian, et al.Experiment on sol-
ubility of CH, and CO; at high temperature and high pressure[]J ].
Journal of China University of Petroleum: Edition of Natural Sci-

ences,2011,35(2):6-11.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

JEIRE 4 PR R T A A A TR R A SR (0. Tl i
2008, 18(5):55-57.

Zhou Guijun.Discussion on the problems existing in the determi-
nation of density of heavy oil [J].Industrial Measurement, 2008,
18(5):55-57.

FEaE D5, 3k 53 AL DS AR RS B SE D7 R L) ] AR R A
#,2005,12(6) : 101-102.

Kang Zhiyong, Zhang Yong.General expression of heavy oil vis-
cosity[ J ].Special Oil & Gas Reservoirs,2005,12(6): 101-102.
(S8 e a7 K s = 1/ R el R
FELI AT AL T S A R, 2011, 24(2) 1 1-5.

Zhang Longli, Wang Shantang, Yang Guohua, et al.The chemical
mechanism of heavy oil viscosity reduction in carbon dioxide
flooding[ J ].Journal of Petrochemical Universities, 2011,24(2) :
1-5.

PR, TRAE, RS AR, 25 Bl A AL Rt L A AR B B -5
PEREFFHY (). I CHLT 5 R IR, 2015, 22(2) : 107-111.

Cui Yingxian, Zhang Jian, Tang Xiaodong, et al.Preparation and
evaluation of microemulsion catalyst using oxidative viscosity re-
duction for heavy oil [J].Petroleum Geology and Recovery Effi-
ciency,2015,22(2):107-111.

FALTR, SO, 5, A AR R R T R T R
B ARV B T A PR SR T ] A T S SRR
2017,24(1):80-85.

Wang Chuanfei, Wu Guanghuan, Wei Tao, et al.Physical simula-
tion experiment of nitrogen gas and dissolve solvent aided SAGD
for thin formation and extra—super heavy oil reservoir [J].Petro-
leum Geology and Recovery Efficiency,2017,24(1) :80-85.
TR XUMETR , ok %, 45 DR B 1)l B 2 itk
S Sl PRSI FB A B SE L) ] il U BT 2RI, 2017,
24(3):110-115.

Xu Zhenhua, Liu Pengcheng, Zhang Shengfei, et al.Physical ex-
periment and numerical simulation study for start—up of ES—
SAGD in heavy oil reservoir[ J ].Petroleum Geology and Recovery
Efficiency,2017,24(3):110-115.

PR, B, P 5 BRI AR T E P BB 5 24
DR ]. vt 1343, 2016,28(5) : 104-109.

Wang Houdong, Yan Wei, Sun Jin, et al.Numerical simulation
and parameter optimization for heat injecting progress of heavy oil
thermal recovery wells [ J].China Offshore Oil and Gas, 2016, 28
(5):104-109.

A0 RUMERE , FAKM , 45 BRI RO PRSI A R Y
HEAL LT AU SRR, 2016,23(2) : 108-114.

Li Wenhui, Liu Pengcheng, Wu Yongbin, et al.A mathematical
model for foamy—oil flow in heavy oil reservoirs [ J ].Petroleum Ge-
ology and Recovery Efficiency,2016,23(2):108-114.

Pk, ok 2, BB 2 AN R Bl 7 s e 28 VA b RUCR S
BBAARHULT ] it -5 R %, 2015, 22(2) :93-97.

Tong Lin, Zhang Guojun, Kang Aihong.Experiment of steam stim-
ulation effect improved by different assisted methods and its nu-
merical simulation [ ] ].Petroleum Geology and Recovery Efficien-

cy,2015,22(2):93-97.

e T 2



