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Development and application of CO, solubilizing and
viscosity reducing system for ultra—deep and
low—permeability heavy oil reservoirs

DENG Hongwei

(Exploration and Development Research Institute ,Shengli Oilfield Company,
SINOPEC , Dongying City ,Shandong Province 257015, China)

Abstract: CO, puff and huff cannot achieve commercial oil productivity for the ultra=deep and low—permeability heavy oil
reservoirs at present. The thermal recovery assisted by viscosity reducer and CO, faces the issues of poor performance of oil
viscosity reduction, low productivity of single well and large difficulty of reservoir development. CO, solubilizing and viscos-
ity reducing system is developed according to molecular system design and experimental verification. In this technology,
chemical viscosity reduction and CO, recovery for the heavy oil are combined to reduce oil viscosity and enhance heavy oil
mobility through viscosity reduction effect of chemicals itself and the enhanced ability of CO, dissolved in oil. The devel-
oped CO, solubilizing and viscosity reducing system can increase the solubility of CO, by 7 times, and the viscosity reduc-
tion ratio is up to 99.2%, which effectively solves the problem of narrow range of oil viscosity reduction for the ultra—deep
and low—permeability heavy oil reservoirs. The field application results show that the average daily oil production of the test
well is higher than 2.5 times of the original daily oil production, which achieved a good performance.

Key words: heavy oil in deep and low permeability reservoir; CO, solubilization; oil viscosity reduction; flow characteris-

tics ; interaction mechanism
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Fig.1  Viscosity reduction rate of crude oil in different CO,

solubilizing and viscosity reducing system
at different temperatures

R Zh R dm , SAVA IR Z S REIR 3 70% LU 1o T3
TR S2 F1 S5 5 AL V2 I V4 5B L5 PR B SO
ANFRAE 0 BH 1 775 57 S2 R S5 AR B N 55 B b 1) [
FhEE . DI, fh2F R BE PR FEl 4 /N 81 S 1,84, V2 il
V4,
A3 HIEAR bR 4 Fp b A O 2T R 5
Jo 45, P BRI B R 2 (1A 2) AT D« 2 4 9 7)o o
SR OB, B4 S BRI, V2 R V4 1 B0
5k 94.29% F190.2% , V2 [F) FE BB NG 47 F V4, 24
B B 420 100% B, B4 Ry 3500 i, S4 1
FEFERCR I T S1o SR eI I 7 ot it 4y BN F
30% B, STV2 Y RE R ACR4F T S4va (H 2 i T e
e FiE X [1) P ot oA 5k 16 S T 1 T %) e A 2l ) 44
TR TR R B /NS R TR R A R T COo, X
P SRR DB B PR R e s 5
V2 R E LA A
100

90

80

P 3 2 (%)

70 —s1V2
—S1v4
60 - —s4V2
——S4v4
50 1 1 1 1 J
0 20 40 60 80 100

9 7 A 2y B (%)
B2 COEBRBEHFPILEFIRE
SESFEREE AT
Fig.2 Effect of mass fraction of solventizer on viscosity

reduction rate in CO, solubilizing and
viscosity reducing system

1.2.2 ¥giE4FH

Bifi 5 154 975 B4 00 I A A 38, COL FE AR rh
(A fife e AN TR R (81 3) , XA i KT 5% i s
i B LA AR AR | Hop S4V2 i AR R 5% EE, AT il CO,
FERRTH PV A BB R 7 A% . DU BV R A  rHE

< 12-

S ——S1V2

10 —e—s1V4

Mﬁ; g —sav2

et —— S4V4

2 6

|

= 4

=

H o2

8 1 1 1 1 1 1 1 ]
0 1 2 5 6 7 8

3 4
TN (%)
B3 CO,&EMRMmPrIREDHHECO,
ERREHRTMAEETWL
Fig.3 Changes of CO, mass fraction in heavy oil with
the dosage of CO, solubilizing and
viscosity reducing system



-84 moR M R

5 Xk Ik *E 20204FE 1 A

fie 11 IR B 554K YR Sl S4V2,84V4,S1V2 F1S1V4, it
HH S4 387 CO, MIFE FH 5 , 1X 2 S4 19 70 T 25 X FR
PEE T S1RTEL,
123 et

T LK CO, 3G ¥ B 20700 rh 3 7 590 o 2 0 8k eh O
B2 100% , % 5% CO,3E 7 6 55 1 TE L X CO, 35 %%
FEPERRE I o IR s R (& 4) F B, Bl 25 388 7 57 o
SRR BE I, CO,FE BT v () A £t 120 T3 K
B S4 BB RO SR T ST, MRERE A V2 F V4 Xf
CO, V5 it T i 2V BOR 30 22 , TRL R B 8 300 o 1
PP B B, X BRI CO, TR RS2 /1N o XoF
THGV T, 8 70 JoT 43 K000 s B, AR T 25
G2 BB R AR bR, 38 70 BT 2 BN A KT 80% .
PRI, 235 6 IR 280 S 30 25 1%, F 9 DX il e 338 5 1) 34
VS RG0S SAV2, v 1 ¥ 51 Jo i 43 B8O K 80%
RP3G 7 S4 SRR V2 BTt Lol 411,

S l4p

s —S1V2

g 12 _gjva

ﬁ 10F —s4v2

gl ——S4v4

g

5 6r

= 4

=

o 2k

8 1 1 1 1 ]
0 20 40 60 80 100

9 7R ) (%)
B4 COEABRHNTIEATRESH
Xf CO, iR R MBI R
Fig.4  Effect of mass fraction of solventizer on solubility
of CO, in CO, solubilizing and viscosity
reducing system

1.3 CO,I& A MERFIEREIEM

30 0 AR I AN R A5 1 R R BRI
W BRI R BE R I W e . AEHLZ R E T
(100 °C) , #5 B A BT 5t 73 2R 5% 17 S4V2 3%
W Bh7), BEBERE 25 224 mPa-s, BB % K 78.7% , #54k
SEVE CO, B, B ERE % 8.4 mPa-s, BB Rk
99.2% ([l 5) o CO, 34 FERH AR 2 10 B 2 % LA A

5000
—e— i uh

—e— MR AL T

—o— S5%3  [% 2h 7

—o— 5% S A Bk 1V B B )

4000

3000 |

Ji it % B2 (mPass)

2000
1000
\H\\,\L
0
80 90 100 110 120
R % (°C)

E5 COEARBEHTIEHEREITMER
Fig.5 Evaluation of viscosity reduction performance of CO,
solubilizing and viscosity reducing system

CO, $% & 62.3%, b M — i FH 388 %5 1% 25 500 $2 =
20.5%. SCYRLERIRFEI , CO,IE R M0 77 T K i
fE ik CO M T IR, B B n B s A v fe
HEREfR bR L 2,

2 COMERBEFFIMEREIEIR

Table2 Performance indicators of CO, solubilizing and
viscosity reducing system

e EAN HufEak SRR el
& EU Y&

i ffmi% it 3 PE A (°C) 300
zfg?(:i)g 0.85~0.95 Ciﬁﬁ_ﬁég 745

2 COEEFFRA R PLAL

T W CO M R R RAEZ LA B AR
FHALEE, FF & T B CO, &Rl CO, 3 2 A I
R WFFE AN A B 25 7 3 R I A 08 AR R AT
KA I A B E R T A LS R RS
SIS I R RN S B0 45 B P HLAE LR I & R
£
21 FUMEERFE

DIAIE 5 DX J2 W 8 100 2 10 Je 245 ) o 45 1AL R
J&E FNE 8 2 5 58 X2 — 01 30 em*30 emx20
em [ = Ak O ASERY  ARAE AR R DU A S 400 1Y
FE W I B AR R HEAE SAL, JE R I CO, Akl
CO, 3 W B R A ik o & S8, B[R] 7 K &
AR IS S g AR T AU I R T R
L DA SO AE 72 B B ™ R S AR Ak, 32 1T 43
BB IR 2B BRI AN R T & 7 s o

ME 6 1T LA H, CO, 75 i Fl CO, 38 75 [ Bh 77 it
PIRN I & S R B B BB Bt . A R
Je RIS A 7 it s B B, R T iR R R
SRS AR , T BEIT L 4 AN €O, e Bl R Y, I
b S, 7 o D A R AR T S B, CO,
BN CO, 38 1 B 26 Ak W R oy s0ORH 28R K # ik
3= 77 By BRI o A T A R AR R CO, 1
AR R I ol TR R ) R R VAR R
) COMT 7= i R IR (B 7a) , A



278 A1

XA AR Z BB CO, IV FE R R R 5 0] -85+

IR RN 5% B 5 TR CO I R A ik B o e, B
B, PR R i I i T O, (H K
T3 R A 5 o 9 B A R il B A, R A
FEAR AR E , 155 R 378 iy R B CO, T B 3 114 JE 3 o
R J5 Bl H R B Uk 22 6 7 Y R IR 5 U IR

AN 7 s
22 R 1°
o 15 Ith 7 i 3k JiE
) 000 o o 015%[&&%#”{%79}%@_20

o
o

20 B
e HUIRREE S ©

—e— I B B A itk R IR ) 1.

—
W

(=]
K (g/ (MPash))

o

IR B J1 (MPa)

1
<
53

0 5 10 15 20 25
T 1) (h)

B6 HFCO,FMH5CO,iE
FAExTEL B 2k

Fig.6  Contrast curves between CO, huff and puff and

AR

CO, solubilizing and viscosity reducing
system in vertical wells

b—Pr Bt R

a—E NI B
B7 SRR m iR

Fig.7 Characteristics of oil production at different stages

2.2 CO,EABRFELARXIGERANE
BB AL, 7 V5 X6 CO, 48 175 (A 2 A 1 ) B
PS5 3 R A2 SRR T L, A5 BB K T 14y
AR, AR 25 G068 31 b 2 3 v K] 43 €O, 3
VR FER R AINIX | CO, 38 1A BB IR 22 BUX R R
I 7 DX 3ASAS [ 4 X3 (L 8) , it — 25 I AN [
lziriéﬁfﬁﬂwwﬁnﬁii%z%o
I HAHE SRy CO,YE TS I R AR R A AN IX (&l 8a 21
) B EIAE 10 m 2247, JE I 286 B R BE R AR
Xof o A 7 (A R B B, 7 ) D R
R BEVA AR IEIF I B9 CO,, 2 JEL Il Ay 7t
FHEERAR, VAR IR 3, Rm A, e R
T T F . HARNEN CO, M BB IAR 2 9 X (1
Ba T (A Bl IN ), JEITE 50 m £ 45, T CO, 76 H 2 Al
JE R T BRE 1o K B 1045 A, o, DL
(P HORE 7, LB P 3l 3 28 ok B 8 X [) A 4

Fi % (mPass)
1109

998
887
777
666
555
444
334
223
112

1

a—Jid I 3 R v 86 R O A

JE 73 (MPa)
18.0

17.7

17.4

17.1

16.8

16.5

16.2

15.9

15.6

b2 7 3 B o I 3 A
B8 COBEMFBERBUMEMENNH

Fig.8 Distribution of viscosity and pressure of CO,

solubilizing and viscosity reducing system

T 5 T IR Y CO, 3V B 85 700 1) S8 1, AN
KRR R, I T3 32 2 38 it DX, XoF 1z S
WAk 1 3 B B, B BB AR, P AT
X B R R 0 S, e D B AR R ) 5 W A
COMTH, B IRTIIRZS o SR i B vy HARRE , IR0
RN B AT 30 m Y X8 (] 8b (ke N ) ok
FE 30 R IX., 12 DX 3 CO, 38 B AR 22 R0k B, o
FREEAAS H MR ) K R84 AR s il 1 )5
5 SR IR BE IS 2 58 i, X g 2B 72 B BER
AR BERAN T840, DRI SR b B A, WA 3l DA
K ARE W &, A TP EERAS

3 WM

31 BEEAXML
CO, I 7 A 2o AR 28 A e A T ) — IR A AR R



.86.

20204F 1 A

FEIF 38 B PETEAN , % X PR 24 1 500 m, ~F-
B2 iE% 0 300 mD , A R0 8 m, M [ FH
ZHBE R 20 941 mPa-s, PRR B % 2 5 (i /K A50) HL3
B, V3R 17535 19.4 MPa, VEVR T AL K 48.7%,
VR 1326 m® 38775, H =il g (o 4.6 vd,
JE W TR, — ELARE A F A 34 H 7 i
J9 1.3 0/d, BRI 2 269 ¢, T R 2, K
I R 5 B E AL T A A R B b
(L

1R A R 20x 10 TC R RTHE T, % HEAS ]
R 7 SRR RACER , 2 R CO IS FR IR, th
FAL A0 9% A, FEA AU 20 1, CO, 38 1% F4 26
FNH B BN, FERSOR 25, AR 500 mPa-s
(1 X 38 L A5 R 0.8% , B EEAR T 50 mPa-s 19 X 5k L £51]
1 0.4% (& 9a) , A7 e gl i -1 411 ¢, JF
BRRZE . T CONT, T CO AR, CO,TE
A IR 200 t, i 4R BORVE B (#9b) , (HAZ BT
CO, [P ik 3 S 20 2%, I 260 DX ] P 86 B ¢ 151 (>600
mPa-s), Hg a0 519 o, — @38 TEACO,
B R B IAR R BF (CO,TE AN 150 v, B3 P B0 1
A 12 1), T IR R I &, AR X R
R X ek 3k 2 11.9% (8] 9¢) , i 38 il 4 3k 2]
2614 t, 7 =PI T h I BB AT
32 MAXE

TE2018 4 1 H ik B A CO AR RIA R,
A3 i R B AR R 12 1, COTE AR A 150 1,
e e of (8] 2 B 0 9 8RB, 78 20 d A2 47, TF
G B = i o8 5.7 vd, I AR P2 R A 230
d, 3 H = ah o 3.3 o/d, JF R Wk,
20184F9 H A 1 JAIAZS a5 10 S A CO, 3 1%
FHIRR TEASEURISE 150, Bl B2 70 LA i
ARBWY R, I IEE H 7 i a0 {2k 2 8.0 vd, J
AP RECH 204 d, 3 H 7l 4.5 vd, E kR
RO E— 4 (F10), B ATz kA S 3 I,
JEVI S ¥ H 7= g 24k B R H 7=l A 2.5 45 D
B BUS T RAFECR . 5 A RESE, CO, MY
EREF A B T — R BRI K T o, 1
VAR IR BRI H 1, e K45 T CO, 1
PHAER, T KT FERNEE 0 T CO,7EH I S
R

4 ik

G55 BSOS S BRI B T CO T R 51k
FRERPIRBOR AT A LGS T R E TR Z

Zi % (mPa<s)
1120

1008
896
784

672

el

a—VECO, M ¥ 4 3 77

%% (mPass)
1150

1035
920
805

690

575

460

345

230

115

b—HyECO, ’

%)% (mPa<s)
1125
1013
900
788
675
450
338
334
225

113

c—VECO, I ¥ B F & &
9 AEFAFEZFARNFEEHTH

Fig.9 Viscosity distribution under different
development methods

R 2R B — FRBURICHE T B R 79, xR i 1 CO,L 3%
fife T R G0k BT i RE D B v 7 AR LR A aih b L
99.2%

Yy BRI B BB ZE SR R, CO, MY IR R B
PR ZRIT R HAT B S B Be 1, A FHYE R 4 A
3AN X, AT AR A AT i Fr) B, B v



278 A1

AR B IR IR B CO, MR RE R A R R 5 v -87-

14
12
310t

(t/

I

H 7= i

[SS B ) [\S} B (=)}
T

—_

H =il & (t/d)

{"7‘/‘

0 | | |

..

2017-04 2017-07 2017-10 2018-01 2018-04

2018-07

A7 I ()

& 10

2018-10 2019-01 2019-04 2019-07 2019-10

I H CO A BEFFI & H 2k

Fig.10  Development curves of test well using CO, solubilizing and viscosity reducing system

M S, 7B S R VR 25 38 HR I 1 T & M
By

W90 25 RUE S, R CO, 38 3 e Ak & T
BH o B SR PR R — R AU AR T R AR .
H#HCR A M, CO MR MR A R b
FE/IN, IE VIR, 208 ZEARIM T & b B R A
(14 1 P RT3

FH MBI A B al B E N AL X
By B 55 Fn B O

(1] E—F HRRB A ROT TR s L B
K24, 2016,18(1) :8-11.
WANG Yiping. Effective method for development of deep heavy
oil in low permeability reservoir[J].Journal of Chengde Petroleum
College,2016,18(1):8-11.

(2] AAWRAE BB, BUKAR , 25 .CO,ZERBIRIT A i i FHAE SR [0 ]. 3
AL, 2018,38(1):26-29,31.
BAI Mingxing, HE Kai, DUAN Yongwei, et al. Application prog-
ress of CO, in energy development| ] ].Modern Chemical Industry,
2018,38(1):26-29,31.

(3] B8 ARIKEL. R COL 32 @ ATl R MR EARBEZE IR (I ]. B

(4]

(5]

[6]

[7]

RT25,2010,33(4) :59-63.

HAO Min, SONG Yongchen. Research status of CO,~EOR [J].
Drilling & Production Technology ,2010,33(4) :59-63.
e BUIA TR , PN, A5 .COL T T i A B2 K FE T Js i 266 88
LML ). B RS2 FAAREAR L 2009, 33(4) - 85—
88.

YANG Shenglai, HANG Dazhen, SUN Rong, et al. CO, extraction
for crude oil and its effect on crude oil viscosity[J ].Journal of Chi-
na University of Petroleum: Edition of Natural Science, 2009, 33
(4):85-88.

TRAEF R RS T CORPRM S B ARIEL) ] i< it
JE R, 2019,26(3) :99-104.

GUO Xingxue. Study on microscopic migration characteristics of
heavy oil by CO, flooding at high temperature and high pressure
[J]. Petroleum Geology and Recovery Efficiency, 2019, 26 (3) :
99-104.

I M43 75 i, BORL2E A LCO, 78 I T A HIUR 5 R 1Y
W BUUBLT] al H AL, 2011,28(4) :410-413.

DUAN Xianggang, HOU Jirui, ZHAO Fenglan, et al. Diffusion of
CO, in crude oil and asphaltene deposition []].Oilfield Chemis-
try,2011,28(4):410-413.

ZR5E CO,TEARE BRI B i PR 204 [0 ] R A i i
IF4,2017,36(1) :134-137.

LI Liang. Analysis of the dissolution property of the CO, in Gudao



-88- moR M R

R oMo

20204F 1 A

[t

[

heavy oil [J].Petroleum Geology & Oilfield Development in Daq-
ing,2017,36(1):134-137.

V9 S, TR .CO, KR/ NMEAH I 15 me PR B 5E L) ] i
ST 5T ,2018,8(4) :42-45.

TANG Yong, ZHAO Xuemei, WANG Yang. Analysis of influence
factor of minimum miscible pressure of CO,[J].Reservoir Evalua-
tion and Development,2018,8(4) :42-45.

SRR XA, BT , 45 R 30 12 R AR CO, 9B AR TR )
WFT [T ] ARl <, 2013,20(2) : 115-117.

ZHANG Guangdong, LIU Jianyi, LIU Yanli, et al.Study on reduc-
ing miscibility pressure in CO, flooding by miscible solvent [J].
Special Oil & Gas Reservoirs,2013,20(2) : 115-117.

VR, B0 %, 5F IR GA-SVR 19 CO, BK JFL i die/INEAH
Ty BRI T ] R P ik 5 T %, 2017,36(3) : 123-129.
SUN Let, LUO Qiang, PAN Yi, et al. Predicting model of the oil
minimal miscible pressure for the CO, flooding based on GA-SVR
[J].Petroleum Geology & Oilfield Development in Daging,2017,
36(3):123-129.

P, T 55 AR IR, S L CO/IE 5 et B AR i g e 5 [ ]
BRI A 2E2E41, 2008, 26(6) :25-29.

TAO Lei, WANG Yong, LI Zhaomin, et al. Research on improving
ultra—heavy oil properties by CO,/viscosity reducer[]J].Journal of
Shaanxi University of Science & Technology, 2008, 26 (6) : 25—
29.

A AEAE A, 55 COLMEMERE R Z it B 55 il s 7 R IX
e A T LD ). A L AR, 2018, 23(5) :65-72.
GAO Jingshan,DAN Shunhua, YANG Tao, et al.Study on CO, sol-
ubility in heavy oil in Well Ji7, Changji oilfield, Junggar Basin
[J].China Petroleum Exploration,2018,23(5) :65-72.

RUDYK Svetlana, HUSSAIN Shahid, SPIROV Pavel.Supercritical
extraction of crude oil by methanol-and ethanol-modified carbon
dioxide[ J].Journal of Supercritical Fluids,2013,78(5) : 63-69.
W, EBE, T, A AT E T CO, 5 TR el et £ fid
FEAEANZRAR T EL L) ] A e g b 5, 2017,39(3) : 402-408.

[

[l

[t

ZHANG Xing, WANG Zhenzhen, WANG Shuai, et al.Visual con-
tact characteristics and characterization of the CO, and n—pen-
tane / crude oil interface [J]. Petroleum Geology & Experiment,

2017,39(3) :402-408.

[15] RUDYK Svetlana, SPIROV Pavel, HUSSAIN Shahid.Effect of co—

solvents on SC—CO, extraction of crude oil by consistency test[J].
Journal of Supercritical Fluids,2014,91(7) : 15-23.

LA, TR, SRR 4F .CO, IR = X Z AR P I ) )
AT L) ] 5 R W, 2018, 25(6) :63-70.

JIANG Ruizhong, ZHANG Haitao, ZHANG Wei, et al. Dynamic
pressure analysis of three —zone composite horizontal well in oil
reservoirs for CO, flooding [ ] ]. Petroleum Geology and Recovery
Efficiency,2018,25(6) :63-70.

FETT2 B2 R IR, S B CO, MR SE R [T ], bk
A ,2018,25(6) : 757-760.

TANG Wanju, DENG Xuefeng, LU Yulin, et al. Oil displacement
experiment of CO, flooding in tight reservoir[J ]. Fault-Block Oil
& Gas Field,2018,25(6) : 757-760.

A .CO, B0 5 56 BB ZE O nERCR SE g [T ], RIK
A B S 9T % ,2018,37(4) : 122-126.

GUO Shengxue. Experiment of CO, improved steam huff and puff
effects for Shan—56 ultra—heavy oil reservoir[ J |.Petroleum Geolo-
gy & Oilfield Development in Daqing,2018,37(4) : 122-126.

R O AR (1% il ey Wy AL ESE S R IS
Rl i, 2018,25(3) : 82-86.

LI Chenglong. Gas channeling influencing factors and patterns of
CO,~flooding in ultra—low permeability oil reservoir []]. Special
0il & Gas Reservoirs,2018,25(3) :82-86.

FE A .CO, 25 WK 43 13 01 A A S OB e () ] A0
LT, 2019,41(2) :274-279.

JIANG Yongping.Molecular dynamics simulation and microscopic
mechanism of CO, composite flooding []]. Petroleum Geology &
Experiment,2019,41(2) :274-279.

miE RO



