FRERFSHEEE (CSCD) iR

. a . SR
. ¥ ' X 3 = (FIE) (CA) BRI
I { m - BB (CRRE) (A)) SR

e » EBSCOSAERNSIT ()

PETROLEUM DRILLING TECHNIQUES = AAPGIHHSSFTILARFEIRIAT ()
FRERHR S ERAT
RCCSEFREZAFARHAT

CO, T it SRR BENT S BEEN TR SR LB 5T
T ATEEE A R RIRE B
Experimental Study on Improving Condensate Oil Recovery by CO, Huff and Puff in Condensate Gas Reservoirs

WANG Xiaoyu, REN Haojie, GUANG Yichu, ZHANG Juan, YIN Xiaoxia, MA Bin
TELR R E View online: http://doi.org/10.11911/syztjs.2025011

FETT ARG HoA S EE

Articles you may be interested in

DI | AUIE 2l ME =R 4 AN SN
CO, High Pressure Quality Exchange Technology of Shale Oil in Northern Jiangsu Province

AR A . 2024, 52(4): 87-93  http://doi.org/10.11911/syztjs.2024074
N ILIRICO, B G Ar i Fi i SRR — A B LA AT 5

Experimental Study of CO, Huff and Puff Combined with N, Foam for Enhanced Oil Recovery by Three—Dimensional Physical
Models

A EREIAR. 2022, 50(6): 126-132  http://doi.org/10.11911/syztjs.2022105

SiAC R IR SR S AR TSRS R 22 04T B iR

Analyzing and Understanding the Influencing Factors of CO, Flooding in the Subei Complex Fault Block Reservoirs
A AR AR . 2020, 48(1): 98-103  hitp:/doi.org/10.11911/syztjs.2019125

GO R ZRAEXT COL A R BN e AL B2 FAFAIE

The Influence of Fractures in Shale Oil Reservoirs on CO, Huff and Puff and Its Pore Production Characteristics
FIMESEREIAR. 2022, 50(2): 38—44  http://doi.org/10.11911/syztjs.2022006

AR R A A B A i SR AT Y

Experimental Study on Foam—Assisted Gas Huff—and—Puff in the Jimsar Shale Oil Reservoir

AIMEHREEAR. 2022, 50(2): 22-29  http://doi.org/10.11911/syztjs.2022017

AERS Z AR R C O R 3R R R MSCRA LIS LIS
Mechanism and Law of CO,, Pressure Flooding in Enhancing Oil Recovery in Low—Permeability Heavy Oil Reservoirs

BT RBIAR . 2024, 52(6): 97-106  http://doi.org/10.11911/syztjs.2024070

FIREANS, RBCEZFE


http://www.syzt.com.cn/article/doi/10.11911/syztjs.2025011
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2024074
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022105
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022105
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022105
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2019125
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022006
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022006
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2022017
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2024070
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2024070




%534 % 14 % i £k £ # R Vol.53 No.1
202542 A PETROLEUM DRILLING TECHNIQUES Feb., 2025

GHSEFE» doi:10.11911/syztjs.2025011

SIMME: T/, ARG, 16, 5. CO, A i 4w BENT SURBUBENT IR R SEI BT T [I]. A i B R ER, 2025, 53(1): 86-93.
WANG Xiaoyu, REN Haojie, GUANG Yichu, et al. Experimental study on improving condensate oil recovery by CO, huff and puff in condensate
gas reservoirs [J]. Petroleum Drilling Techniques, 2025, 53(1): 86—93.

CO, EMIR S BT KR T iH R R LR

EANE, E8E, T EW, K OB BRRE, T R

o 1 3 0T 9 A3 W26 8 i SR ), H R SR 735019)

i E:ECO,RBHRAA BN EKERRB AT T LBEGE, CO, 89 ENF X IENBHLE CO, 54 BRAZ
) 69 48 B AE R HUEL % RO A, i aE AR BEAT AR E CO, T E B E LA i AR @Ik Al E E 8, R KRBT E S AR
TR CO,~ BT HAMEMEA T XA L, RETERWE T ECO,MWELFT X, HRALARE CTLHIEN T Sk R R
Coz/n}éﬁtl:{i' BERER, BT ABRIENCO, B, LBEEN RRKRBENEANF BT M RRG RB K, EREQET A
Z, AL L R NS, RAES>T3;,CO, 5B BZREE 5 RER, FHEFRM, CO, EHAG, LI RANE &M
89 RHA Y 4 38 F CO, Bonk AT i 6 KM E 5 5] 4 1.2%, 14.4%,25.8% #2 3.6%, )b B R BB R KRR HRZHT
45.0 B 945 CO, 1% A Yo ) [ Bk R 2038 % 4K, 5 3 4 82.2%, 72.1%, 46.4% F= 9.2%, s CO, Bnk R B R A E 3k
CO, Bk R % CO, EANENB B CAHKENGHoh, B CO EANENKT Z A RAE AN, KA F CO, Hokfolk B, IR
R TAHABRMARGATFTE KREREN G ERBELAFE th %,

KR BATAR; BATH; RS, AN S; RORMESN

hE 42K S TE357.45 M ERARAERD: A X E4S: 1001-0890(2025)01-0086-08

Experimental Study on Improving Condensate Oil Recovery by CO, Huff and Puff in
Condensate Gas Reservoirs

WANG Xiaoyu, REN Haojie, GUANG Yichu, ZHANG Juan, YIN Xiaoxia, MA Bin
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Abstract: The application of CO, injection to improve the recovery of natural gas and condensate oil is still in the
development stage. The CO, injection mode, injection time, and the interaction mechanism between CO, and reservoir
fluid are not clear. Through the constant volume depletion experiment of CO, injection into condensate gas reservoirs
and the measurement experiment of oil-gas interfacial tension, a stepwise incremental CO, huff and puff method was
proposed on the basis of determining the maximum retrograde condensate pressure, liquid volume, and CO,-condensate
oil interaction mode. In addition, the huff and puff effect and CO, storage ratio were evaluated by full diameter core
experiment. The results show that after the CO, is injected into the condensate gas reservoir, the dew point pressure, the
maximum retrograde condensate pressure, and the condensate oil volume are continuously reduced, and the critical
point moves to the lower left corner. The two-phase envelope area shrinks inward, and the fluid components become
lighter. The phase mixing between CO, and condensate oil can be achieved gradually only after multiple contacts. A
higher CO, pressure indicates fewer contacts required to achieve the phase mixing. The condensate oil recovery after
four rounds of incremental CO, huff and puff is 1.2%, 14.4%, 25.8%, and 3.6%, respectively, which is 45.0 percentage
points higher than that after natural depletion. The proportion of CO, storage decreases with the increase in huff and
puff times, which are 82.2%, 72.1%, 46.4%, and 9.2%, respectively. CO, huff and puff times should be controlled
within 3 to achieve the optimal effect. The CO, huff and puff effect is mainly affected by CO, injection pressure and
core system pressure. When the CO, injection pressure is lower than the minimum miscible pressure (MMP), it is not
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conducive to CO, huff and puff and storage. The research results provide a reference for the efficient development of

condensate gas reservoirs and the improvement of retrograde condensate damage.

Key words: condensate gas reservoir; condensate oil; CO, huff and puff; CO, storage; minimum miscible pressure

EENT S ZE A 8 0 KSR AR % S BE AT I
HAEWEWELNE, 682 RIS T EN <L
HA I TR, D) TR Sy . (ARl
it J2 FE I A B 20y, 24 1 g i 8 5 T A< s R T LA
T, TFGRAT BT IO R A L BT, BEAT
R B REFI AT, R5BEIRAME, XS
F e AR R E AR R R R
A BT 2 T A AT I — Fh s AL BT ST &
() = SR A, Horp = SR i 5 ik DA AR
FES7 N S B S A W S 3 R P 1V
FIE . E B 25 T o B 9 L R 5 #H7F (CCUus)
R AR B RO AR, BEAT OB A B R
CO, i fF 45 1, J& CO, BAF I HLAR S T, 5 BRI,
CO, TEABENT SR BEA R = K IR BEHT I Y
KR, IRFRIM KT CO, BAEXUIY H 5%

SRIMT, T CO, AR R I b, H 5 %EHT
AR BEAT I VR O 2 R i = SR I R AL B A
)T A 2 AT 2 B A R S f
CO, M AT 2 A7 1 24 AN i 1 B R v e 28 AR
()77 % . H. Gachuz-Muro % AUV b 5k B < 1
CO, FlI N, MM A FRFIESEAT T S0 5, X T A48
W5 A CO,. Ny J5 EEHT I AR SR SR MR 1) A8
{t.. S. Mohebbinia % A" 5% I fif 4k 77 Bk 0F 58 T
COL/EEMT /R IR T K R G m b7, g szt
WA PVT AHA SEIGAF 5T T AN [ BE AT 8 73 2 B BT /<
T CO, J5 WIAHARRE, IEPEM T CO, XA [R] 2 7l ¢
B 5 R R 93 S . Z. Y. Abbasov 2 A
IrHIBESE T AR CO, .\ Ny £ f5 0 BE AT UM 25 9 52
me, 25 SR W, AR R N, BB i, A b AT
B2 RARFRIB /N, 88 2 T 5 1 COy &% B3,
V385 R BE BT I 1) 28 R AR, 88 S I FE IR, Hou
Dali % N AN BT P Y CO, & e, TR
JERR R, A BT Z . o CO, HAT IR SR 1Y
RAL AL BURE F1, — 7 1 30 ) 1 BT ASR SOEE T
Ty — 7 T BER T ST A S PR

25 LR, X BT OB CO, B2 E R IR T
T B 5% EAE T CO, AR MR A SR 1k
FRAE, BEA %3 JF R CO, 1A 28 T AR HL &
CO, S¥EMri Z /e FAHLE B oE . NIk, £ 48
1 T R i 1 B M SO T C O, R 2 35 U S 56 i

AT A 70 A S, AE B R e KR BE BT R ) L B
R BE BT i T COL—E T I $5c/INEAH R 7 1) S i
b, BT BT Co, Ak, Bl
CO, MY TE A &R Al — 458 R EENT IG5 R 1Y 10%,
30%, 50% 1 70%, IR FH 4 B AR O SL P T 1%
T5 ik I A RUR B CO, A7 L1, LS A B T A<
T K L o OBEMT A7 LA K CO, HEAF R 2 2
FE %

1 CO, it 325

1.1 RIGH
111 SEERRAR

MR AT AR ATAT M ARE I T A IBORE
H” (SY/T 5154—2014)"" % kg /R %5 b DI X B
) 1 TET 4 5 4 TR LSRR SR AR IS, 4 IR R A
M AR AR S BT T (GB/T 26981 —
2020) " Hp g 7 v A T S U6 BT R, A2 E R AT
SHIEE S E 1 30.49 MPa( HiJZ 5 85°C, H)JZ Ik
71 40.5 MPa), ML A 1 676.48 m'/m’, R
SRS S BT EE AT IR A AL 4y, R R 130 £
FleH 4y, Hoh IE ke . IE Ok, IE Bk . IE ¥ ke IE
Bhoe B+ ke I S RO =R DL R S
1 5 5 4 B3 R 5.7%, 8.4%, 7.4%, 5.5%, 3.6%,
2.7%, 2.1% F1 64.6%; HAhL 7 B AR AR 2, (HIE
EHAR/N, Tk ail,

S e 8 At R A I O e L P
S AT TR R R LAl KT 99.99% . SIEI
i ) CO, AR 7 T T W & Y, 4l B 3k )
T 99.9%.
1.12 %kE

SITH 0 A VTS JR 75 M DY X B4R H B 0
O o VI G 4 B AR A FE WK B R B AR 4 B ok
102.45 F1 100.32 mm, <2 % %K 8.77 mD, fLBR
1 8.38%, J& THHR B EBUE D & .
1.2 IS

ARWHEAT 3 Pz, Horh, 1 CO, 75 3 0 51
I 7 A £ DBR G oK i I g TR A WAk £ 1)
A8 PVT 43 AT A%, Jis (B KRR AR 200 mL, 1A FURS &
0.01 mL, I 5 Fl 0~200 °C, J& R 0.1 °C, JE /)



* 88« 2 Pzl 45

w # A 202542 A

[ 0.1~120.0 MPa, £ A5 0.01 MPa, HAbFLE
A AL HE 2 I AR B RE 2R (UPX-1000-70 %Y, i kf 25
11000 mL, TAE %41 70 MPa, TAEIRJE 180 °C, %
KA FEHE 30 r/min) Al ISCO 0K B 1R 15 4K 8 5%
(5 = 77 300 MPa, & A& ARFL 500 mL, /i
0.001 mL/min) 4%,

CO, 5 BEHT I F 187 7 100 5 S50 iy i (A4 32 %2
9 ST e il e Fe ST ik A, I A e T 8 4,
R R % 200 °C, fz i 1 100 MPa, CCD $0 7 L0

L T |
ISCO%E ][] [BENTImA % ‘@ ‘

Vs ’j ( \\‘\““’j
i 1scost g ()] —
Vg
— CoEEm EhE ﬁ }
OO HHEHL |
HER e

() ST T3 D0 AE S

BGHLNEZE N 314x10" PPL, Tt Hopbh e 215 44
5 ISCO =K i R UK R S A (R 25 4 4 . S0
B 1(a) FiR.

I CO, ik 20 S il A RN & H AR
BT, WA 8~15em, KE 6~20 cm
AR, PTaT HABRCE B A ISCO Rk B2 oy gk
R 2R CO, AT (YF-FO1 2T /MR, i) Y ]
0~50%, 7 HF3 0.01%, Wl 45 <+2%F.S.) . [l &
I Il R R Ty A, SRR E AR 1(b) iR .

I RS

(b) CO, FMtH LI

1 RAEKIDMER CO, EHALLIEESE

Fig.1 Flow chart of interfacial tension measurement and CO, huff and puff core experiment
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Fig.2 Variation of volume percentage of liquid phase with pressure and PT phase diagram after CO, injection into condens-
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radecane and their binary mixtures with CO, pres-
sure
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Fig.7 Variation of condensate oil recovery and core pres-
sure with time during CO, huff and puff
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Fig.8 Variation of condensate oil saturation in cores be-
fore and after natural depletion and huff and puff

SIATIN R, 2 RS DU % 7 e B8 AT 9 R R R
T EER RIS 1) BT 3 %8 CO, T AJE J1 K il TR
J1¥HE MMP(11.62 MPa) L) I, M55 W48 CO, HA
JE J1{ R 8.3 MPa, it ik T MMP, F:3( CO, 1% it fiE
77 F 2 BURE 7 2 R B A 2) 80 i 3 AR ARt
J&, O R R A EET I AL sy m &, Bl Co, A
TR FRIR 2] fe KBEATT AR TR 80%, 475 SR AR MEXT ol 4%
EENTIH ™ A A7 3 S L, BEHT I A R AN 9.07% [%
2 8.27%, FEEENT MR CR KRR . I, Sl
CO, AR AL 3 IR,
232 CO, ik A4k o5 Hr

COy AR, 7= AR S CO, A7 L 5
KA OC R ANE 9 iR . IWEL 9 FTLLE Y, T
3 4% CO, AN IR LIS, S P05 CO, i
ARBUNLF- 55 =540 2, 3t a4 s B i 265
HI 3 5o nt 5, O AR B EENT I R IR A . A
7= CO, IRFRT LU, Al 2 d8 7 nk b CO, 7= i
A8 D AH NS =58 TF 1R CO, 7 it KR
XTI ) CO, fift £ L 151 0 Bl 5 7 1k Y0 5388 in 1 AS Wiy
FEAR, 28 — 8 FF bk J5 5 0D CO, fif A7 L 1] 35 ]

—u— A CO, AR —o— H5e/=H CO, (R

3 000~ HHAiAF CO, bl —a— B3t CO, fifif7 L] 100

2500 -

-
o0
(=}

460

{40

—_ —_ o
(=3 W o
(=3 (=3 (=3
(=] (=) (=}

CO,IARYmL
CO 17 HL B, %

i
8]
(=}

500

2
FSIRY €

9 CO, EAFR, FHERR CO, EFLHSEI
RBBI XK F

Fig.9 Relationship between CO, injection volume, output
volume, CO, storage ratio, and huff and puff times
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