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Abstract: Condensate gas reservoirs with ultra-high gas condensate content ( > 600 g/m’) tend to undergo rapid
retrograde condensation when reservoir pressure falls below the dew point pressure. This leads to condensate liquid
accumulation in near-wellbore zones, thereby seriously impacting gas well productivity. In this study, we investigate the
condensate gas reservoirs with ultra-high gas condensate content in block X. While considering the adsorption-diffusion
mechanisms specific to shale condensate gas reservoirs, we investigate the role of CO, injection for energy replenishment
on reducing condensate liquid content and restoring well productivity. It also evaluates the carbon storage efficiency
across various CO, sequestration forms. The results indicate that during depletion recovery, continuous production of
light components shifts the reservoir fluid system from a condensate gas state to volatile oil. Injecting CO, at the low-
pressure production stage can effectively reduce condensate liquid content in the formation and restore gas mobility in the
near-wellbore zone. In contrast, injecting CO, at the high-pressure production stage transforms the system into a volatile
oil state, thereby increasing the condensate liquid volume instead. For condensate gas reservoirs with ultra-high gas
condensate content, CO, injection fails to significantly reduce the dew point pressure. In contrast, in condensate gas
reservoirs with medium or low gas condensate content, CO, injection can effectively lower the dew point pressure,

thereby mitigating retrograde condensate pollution. CO, sequestrated underground through structural and residual
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trapping mechanisms constitutes the dominant proportion of total storage, while that sequestrated via dissolution and
adsorption trapping accounts for comparatively minor proportions. Additionally, the injection and production
parameters, including injection duration, injection rate, and soaking time, for the single-well CO, huff-n-puff process
are optimized, providing a theoretical basis for the efficient exploitation of and carbon sequestration in shale condensate
gas reservoirs with ultra-high gas condensate content.

Key words: retrograde condensate pollution, CO, injection for energy replenishment, productivity restoration, carbon
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Table 3 Variations in the composition of residual fluids in block X during depletion recovery

HIYFEIR T3 HU%
JEJJ/MPa
, N, CH, C,Hy C,Hy iC, nC, iCy nC; nCyg nC, nCy nC, nC,, Gy
55.13 7.07 0.27  65.96 11.96 4.9 0.56 0.91 0.15 0.22 0.34 0.43 0.62 0.95 1.04 4.62
50. 00 6.88 0.26 64.43 11.95 4.97 0.57 0.94 0.16 0.23 0.36 0.46 0.67 1.03 1.14 5.96
40. 00 6.87 0.26 64.3 11.95 497 0.57 0.94 0.16 0.23 0.36 0.46 0.67 1.04 1.15 6.07
30. 00 6.83 0.25  63.87 11.91  4.97 0.58 0.94 0.16 0.23 0.37 0.47 0.69 1.09 1.22 6.43
20. 00 6.38 0.23  59.61 11.64 505 0.6 .00  0.17 0.26 0.42 0.56 0.8 1.38 1.59 10.26
10. 00 5.33  0.18  49.05 9.95 4.43 0.54 0.9 0.16 0.24 0.41 0.57 0.89 1.49 1.78 24.08

TE i FOR Bk s n FOR IERIBEE .



546 5

2064 AT IR NN
0.8
0.7 — ~—
0.6 -
—.—CH4
05 —e—nC,
P —c
)&\ 04 - 11+
&K
F 03+
0.2 -
0.1 -
M
0 — J
10 20 30 40 50 60
JE 71/MPa
5 XIXHeH A8 bd HJZ ) A AR Rl 4 4 B i
A

Fig. 5 Changes of contents of different residual fluid components

with reservoir pressure in block X

100 -
— CO,#£6.83%
—— CO,#K£10.00%
80
—— CO,KF£15.00%
——— CO,#fE20.00%
£ O CO,#[%25.00%
3 f 5
Haf
20
T=175 °C
0 I — I
0 100 200 300 400 500
i/ °C

Fl6 X DX Bz ) 30 MPa T i) RIABENT I~k 2R 2k
A CO,IB SRR L i (1 p-TAH
Fig. 6 p—T phase diagram of the residual gas condensate-gas
system in block X after continuous CO, injection under a reservoir

pressure of 30 MPa

S5 R CO, T A ST, AT IR (175°C)
T, H 2 BENT I S FR 04 RN T R W T I S A
] A2 1 B sh O SR AR I R T ) , S B4
R R 1 BT MR R AR R

3.2 FSHEEETRETHL

FE IR BE T, X L2 R J7 2R 30 MPa By A b )2
Tl 4% BE AT I — AR R FE B TE A CO,, I 22 il BEAT I
B FE S AR AL IR (B 7) o AT LA TR COLTE A
BARET, B A CO, 1Y T A BE BT W 52 B AR 3
Bl %5 CO, VE A T 1Y T i, &8 BT W 76 B K ) B 2
PR R AT e A, A e v TR D s R g B T X T

B CO,TE A B AW N, I A5 2%, Pl T 1k
FRGEHT W A AT (R Y CO, A R = ) Y-
MR BB R RS E R R AT R 2R
Tt

W5 TE 414 30. 00 MPa 114 i J2 4% i 1K 5 B8 IR 43 %
H40% (1) CO, RS THEIR A o B IR 5 i S5 B A7 T e
B R 1 B9 254k (1 8) , T LA HH v AR B8 T
AH S BARK 5 D s T 2 TR A A R & AR 2R T FETE A
SARZ G, M2 TR iR 45 i A 2R ) BERTT SR R 78
55 40% BE IR 43 B0 COL IR A TR MR R LB SR 1l
76. 40 MPa, i T J5 4 b )2 BEAT SR R 10 88 R

100

80 -
§

iﬂu 60 |
i —e— HZFIRVifR —e— CO,KIE10%
g w0k —e—CO,/KI%15% —o— CO,#I%20%
':?%— —e—CO,#K|%25% —o— CO,HKIE30%
44 —o— CO,WK[E40% —o— CO,IKIES0%
20 —e—CO,/KI%E60% —o— CO,KET0%
o —o—COHKJE80% —o— CO,KIEI0%

0
0 30 60 90 120 150 180

JE 1/MPa

7 X DXHRM ) 30 MPa T Hb 2 RIABERT I~k FR 2k
TEA CO, 3K FIAN [ M J32 B A B M Ak e A A 34
Fig. 7 Variation trends in condensate liquid content in the
residual condensate oil-gas system in block X after continuous CO,

injection under a reservoir pressure of 30 MPa

100 :

— LT R AR !

— IR R H !

oL (CO,KIZ40%) !

— - FEWH30 MPalt R A4 I.’
| = FERA30 MPaklERIAR AR i
3ol (COKIEA0%) i
i d
i K4
4 e
ool -~
Z 40 P
g g
52 -

/'/ --------
20 + R e T N
o - .
/’/’ ,/""‘ \\
:.f./‘ \
0 4""£1—\ ! ! ! ! ! N
0 10 20 30 40 50 60 70 80
£ F1/MPa

K8 X X et oy =R AR R (30 MPa T ) 5 TR VA 2R J5UA6 €
Fr ORI A CO, MR B 1K 5] 40% I BET I BB AL X L
Fig. 8 Variations in condensate fluid yield upon CO3 injection
with a molar ratio of 40% mixed with residual fluid depleted to
30 MPa in block X and mixed with original fluids from condensate

gas reservoirs in the Zhanarol oilfield



ol

Wk, 25 SUSBENT SRR 8O R S A7 3R 2065

(55. 13 MPa) , Ué FH & X0 45 151 2 BE BT M EEAT <K, 1A
CO, AR REA BB R &SRS o IR R EEHT
S R 38 R T SRR AR S BT IR B R
HE—25 T i T R S BT I AT SRR SRR S AT
TS YL R T o LB AR EE M SO R AR EE M IR i
250 g/em’, J& T P BE M I BE BT SORE , 25 0 R 1R
25.20 MPa, Fifi & J& 71 F %, 5 = &8 BT Wi A 9%
(B 8™ o Ji &y ok AT <0 T A 5 40% JBE 7K 43 51
COIRA I HIRFE S TN R . X Fizh &
BENTIIEENT S, TEA CO, AT LA 25 MR 2R A BT
o TEA COJE IR R ER i 71 W2 N R, B 25. 20 MPa
AR H 21. 53 MPa, 7 Bl T — 25 i B S BEBT 15 5% o
LT AT, Vi CO, T AT RURFAR b 5 BE M I EE AT
R R e ) FEE ATV A, (R BB I IR v 2 BBE AT
BEMT ST 77 0 T, ELBE T A E A ) T e, RT3
INT 5 i 2 AT SR A BT R . X TR S T
THEENT AR, HoH 2 A s & 4143, A CO,R%
R THRR T 05 R R 4 L m A2 WS
FEARSRIN g NFE R 1) BETT U A8 o (HJR: COL U Tl
IS E A o R AA AR fEgEE AT s, IR
R R EE SRS

4 ECO MR BBIAE AR

AR SRR TR SR FH B2 CMLG 3R AL — SR A28
MR EE R 175 °C L Hb)Z R J12R 77. 60 MPa, 5L 5%
A1 X107 wm?, RIRZLLE B IE RN 5 x 107 um?, &
JE B FLBREE M 5. 000% , K AR 2444 (9 FLERE R 0. 001%,
FL TR SR SL4E 1) 7 KA R 48 40%. X X F 7K
FRE 1645 m, JEZEBE 22 B, T BCELA HELR R 4
K9 .

R /m

5305
5129
4953
4777
4601
4425
4250
4074
3898
3722
3546

Ly,

fx#

Hehr
B9 XX B R (AR FUUAS T T 4

Fig. 9 Schematic diagram of the numerical simulation model for

oil reservoirs in block X

o,y 2 HARERET 18] o)

4.1 ErFEHEE

BT P B 2 R ) BB B SR I LR
Z e, B )2 R D ik — 20 R R BT S i s R R
Hom, BRI REREAL, IR A L B EE R . X
X H K- FHF 2024 4F 4 F T a4 ™, SR FH 57 i A5
ARUXTH 28 2025 4F 8 H AR 7 sh A% (H 7=y H ™
KL H PR ) #ET T LG (B 10)  SUE 4
JEIR BT 90% LA b, 54 7= SEPRAG S 3 A Y &, R
ST ST (A AR T A

X X He K S A2 77 2 2025 4F 8 H IR S B &
60 MPa, A1k EI| 75 i 7, M2 KA BEFTIM AT, AR
X CO, I i AR S B8 BT W 7 2 LA K 52 7™ BE 11 fig
77, I I g vy SO R FE AL, i IF R R ) B AR =
53 MPa (IS F 28 2 6 1), AT SR RE AL ST 5T
JEEEXT - RS EAE R AN BRI T R . I R
Sl R T B U AT I ) I AR R N 25%,
>4 B T T R A AT T s R B, AT TN AT T B

fetr.
4.2 FEmRHE

BT CMG B AF0) GEM B 28 T e i A RE AU
BEAUT ST, 76 A4 7= 250 4 4FTF R CO, LA Y, IF
AR AR 10 AR o R TR B R S B (D AH ] i A
KARFEEO T, 2 SR T 05 BT i A &S
FHAFXT 2 15 2 BERE K P H A 42 1) B B A Ak . 1A
JEBEE A S x 10* m¥/d, R )8 6 d, 7 A0 8] 43531
°6,30,60 F190 d, FFH-FA =B [E] 2 6 4 H o 7 CO,
AN [ B BB T o A R B R SRR A X 33 R B BE 7K -
AOAR ) B S B AR A an P 11 AR 12 Birs o i AU TR) A
6 d B, 3 b 8 BRE AT T U A B R AR
BRI A W TF . ARSI TR T 30 d i, Ay
SEHT I AN BE BT T ARS8 R I, 3k 2
T A CO, B X e e, B2 8 T S BT I A, T -
SR EBEEATIRES

FE b AR R - - R A B TS R AR K
KHEESH, O bR B0 R B E; QReR
FEbR 4R e 5OR @ FAFFR AR : CO AR (5 L
AP AR B CO S B AR ZI) . TR
KA AE W 13w . ATRLE H, CO RSN K
R 90 d Bt SR8 i dat ik B R iy, 409 R AE 30 d B I B B
KAH, Bt R A R 38 im 23 S AR B B =50R
AW /N CO, AT AR WK

AR S SR CO, BHAEAIL I A4 734 45 F 4



2066 £S5 KRR R

546 5

0 100 200 300 300 300

o 1] /d
400
© — ik
330 BTS¢

0 100 300 500

200 300
It il/d
30000 4
. — i
2500 . piE
2000
x
£ 1500 -{
v
[ ]
Pl
1000 ? o omd . 3
‘ [ ]
500
U
1]
0 1 1 1 1 1
100 200 300 400 500

i) /d

10 X XK Py s i 4 2R

Results of fitting between production history and daily production for the horizontal well in block X

a. Bk sh. B M e HPPOKAE . AUl

g 100 200 300 400 500
I J)/d
Fig. 10
0.7 o
——
0.6 A —e—o6d
—a—30d
0.5 F
< —%—060d
24l 04
e
2
@ 03r
0.2+
0.1+
0 | | | - T T ]
0 50 100 150 200 250 300

12 M BE 25 /m

11 X XBRAE] CO, SR X BEAT T 1 A )52 1
Fig. 11

Influence of CO, injection duration on gas condensate

saturation in block X

K14 s o BEFELE R KT, CO, 7E T 32 28 LUK it
FEAR A 2 R B U 1, 38 S B B 2 2
Vi 5 VAR A7 RIRE B 3077 T o7 FE AR R B/ . Bl
R T 8 S R W% R A T 7 A P ARG Dk
EIEEE M X FEE T ORWIE

0.25 )
—a— AT
—e—6d
0.20 - —aA—30d
4 —v— 60d
E\\ 0.15 - 90d
=y
= I\A
=010 f '
r-
0.05 |-
0le—s—s * * *
0 100 200 300 400
A2 PR B /m

12 XIXHA R CO, AU SRR B 2 AR B
Fig. 12 Influence of CO, injection duration on the relative

permeability of the gas phase in block X

T COTEHZ K P B Y B @QFFLEAY COLIE A 5
T EREIES AR WA

4.3 i

»

SiE

T A S ] B A e T R SOR B SR

27
3

Rt
¢



G BT e BB IRA TR 2067

6 MR %, 55 U1 BENT R
2000 —— Y 10
£ Hiih RS E
—— i —e— i les
~ 1600 AR 1s 2
5 =
3 1200 16 % 1o
L ="
B 800 d4 eg ﬁ
@’ o oy
& £ ss
E 400 12 &
= =
0 0 &
= 150
—_a00 . . . . o,
6 30 60 90 120 150

B K /d

K13 X XHA R U T S MRt 5
Fig. 13 Variation trends in key parameters with CO, injection

duration in block X

ARCEE T TR 7% (1 x 10°,3 % 10°,5 %
104,8 x 10*,10 x 10*,12 x 10*F115 x 10* m¥/d) , # i 5
ANESTTEX W, RGN T CO, AR R EET 5 YL
YA BR AR o BEADLR HH ] 1 UK 60 d A 6 d Al
AR 6 A H I TT & 7 58, DL B3 1 iy i A4 v R Ay
TN R bR, 1S JBR TSR SO B N AT &

1.707 6 |

1.7072

1.706 8

W B 3 4£.CO, /(10" mol)

1.706 4 |

30 60 90 120 150
FEARHK/d

o

44565

44560

44555

44550

REHEI7.CO, /(10" mol)

44545

30 60 90 120 150
AR/

ok

HORSH WA R BEE TR, R
i AR AR AR BB B e, T R R
S 1 Th. WHAHE S COMRAE R R IFHIJEC R 3l
PR MR A AR . PR AU A R SR TR T
T3, X —T5 A RO T R BT IR, 53— J7 e it
T BT BOBENT I K AR PR, Bk R SR
FfH o XEEE IR, 7 CO I IF R b i
R I PR A BRI B R MR AL AL CO,3EAT
ROR Z A FEATAUA o B A T CE A ) T 4 e Dt
SRR T A e 4 3 5 U A R T CO, B M 5
Qe

4.4 Y FH B E]

T H S [ 2 A 9 T S A BRI R S 5 —
A S i B 6 2H R It [R] Jy %2 (6, 15,30, 40, 50 F
60 d), 75 [ 5 4 AH I 60 d FiA: P2 6 4 A I AHE R,
RGN T R R X CO, M s R n s . T 2
S RiipE B E i 5 =3 TN Ol s T I NG F B B
SRR S BEAT TS B ROR o T8 16 Jos 1A W) e I It
B NI R ahA . ORI BHHEN 6 d T ER

24838

24836

, 24834 ¢

fREA7CO, /(10" mol)

24832

24830

30 60 90 120 150
A K/

o b

4452

4.450

4.448 -

Ha3t 5 47.CO, /(10" mol)

4.446 . . . .
60 90 120 150
VEAHK/

[=2)
WL
(=]

K14 X IXHORREA A A FEEAALE] T B9 A7 R L 3
Fig. 14 Variation trends in the volume of CO, sequestrated through different trapping mechanisms with CO, injection duration in block X
a. B CO, &t b, W% CO, it ;e AT CO, 5 d. MEEAF CO,



2068 £S5 KRR R

546 5

2 000 — - 100 130
R —.— R

B R —Oo— A% P
1500 —A AR &
E 120 £
= vy
< 1000 Eﬁ
i} &
. 2
E 500 | %
] :
o0 10 2
& 20 =
&% -500 | =
1210 &

-1 000 0

i ::7 é é 1‘0 ]‘2 1‘5
P AT /(10 mP/d)
FI15 X XHOR R AR 0 Rk R RBOR S5
AL
Fig. 15 Variation trends in key parameters of single-well
development performance achieved via CO, huff-n-puff injection at

different rate in block X

16
’ SRR —— R 10 70
14t B R —O0— Bl
g - A HAER |
E 4 AR e 6
E12t
Eilo»€3 A"‘*~A Z 160
= S T A4 65 S
= = ~A--.a [ 2] %
T3 E S |s¥
= = e =
Bl m2 LE| =
2 . B 150
it 1 |, |
"o e e e OO0 “
’ I 5 30 40 50 60 ° 40
BT K/
16 X DHOR IR FFI T 9 5 75 7 42 S 5 4
RN EE

Fig. 16 Variation trends in key parameters of single-well
development performance during CO, huff-n-puff injection in block

X at different soaking durations

1277.5 t £ F+- 2 60 d Jr £ 1Y 2 419.3 t, 34 I ik
89. 43% ; RIS AR AN NN 27. 01%. @FF ERCE
M2 4. 26% T2 8. 06%, # K M 1. 27% 45 &
1.60%., @ FFHE . CO, M 7F F I 59.2% F (& &
55. 6% BIFFE K B DA 7= 850 -5 00 5 ] 52 1 AH O
SRR JE R B 1] 8 25 i T R 1 iy Ay o Q%
FERL 5 PR B ] 97 R OGO R RRAE K 10 dR ]
A7 REAR 0. 067% . VEFIHLIR A BH | A e 1)
)42 F CO, 5 M )23 2 44 78 4022 ik, 185 5 A B2 N S 25
YRR, SR 4 T 8] 2 CO, 7EAf )2 h i 3 A 342
PE AR T COo, 5 A MR AR, FEOE
ZHEANRPCRM

1) TR Jo Hb 2 T A o A o b, iR R
H SEMT IR ¥ A T B AR o ) b2 T A T AR SR A
CO,, Bl A CO, LMl i Tt i, BEAT IR A2 AR R ) B &2
PR ARG A B, 0 A g TR i B R BT . 3 o, e
I i R AT AR R R A I B X TR A
CO, L ABIAFR 55 i s, i v TR R 1 SROEE TV 2, T
TR R BT IR

2) XA v BT I AT AR, B e T A
o (RIS S S ol b B =i N <P R e i Dy |
[, 3 A B A, 49 7o B 5 0 S sf (1] 5 2277 31l
MR R IEMH KR, COMMARGFEAMKEIE
KR, HHEAHR AR A R AR

3) KR CO, A7 Z N 46. 8% ~ 65. 2%, CO, FEHL T
F2 B DAL s B AN R A s [ B AP A, 8
BRI E R, 5 2R 68% ; 1 ik 5t A7 R ¥
TERT G HE IR X /0N, Vs f A7 o BB R A 18%, T,
W77 o5 R B AER0 13%, W25 T AR a] A SiE K, 1
BAF 0 77 R i A 1) AR BT Tk e 5 L T G o )
PO BRI TR AR T CO,EHZ KT
VR H, R A RESE A CO, TR A T8 2 IR B e A P 4
TE T AR B o, 5t

2 % x #t

(1] Z=4:E, X7, MEH, 5. S 3ank Rz l]. i
SEd AL, 2008, 34(12): 106-107, 125.

LI Jinxia, LIU Ye, ZHENG Qijun, et al. Study on the index
system of gases storages classification [J]. Inner Mongolia
Petrochemical Industry, 2008, 34(12): 106-107, 125.

(2] Hesltds, A, S0, 45 BRI R AR T I S B L
BWEFE[T]. KRR T, 2006, 26(10): 108-110.

BI Jianxia, QI Zhilin, GUO Ping, et al. Experiment research on
condensate oil/gas phase permeability during pressure dropping
production[ J]. Natural Gas Industry, 2006, 26(10): 108-110.

[3] AL-ANAZIH A, POPE G A, SHARMA M M, et al. Laboratory
measurements of condensate blocking and treatment for both low
and high permeability rocks [CJ/SPE  Annual Technical
Conference and Exhibition, San Antonio, 2002. Richardson:
Society of Petroleum Engineers, 2002: SPE-77546-MS.

(4] Wi, ASERR, e, % . SR A BErr RS BT 1) %
VA B i bR Jr 3k (T). R AT i BT 5 0T %, 2020, 39(2) -
139-146.

FENG Qianghan, DENG Baokang, YANG Yingzhou, et al.
Evaluations and removing methods of the retrograde condensate

damage for the gas condensate reservoirs in the tight sandstone



ol

MR MRS DUABENTS

2069

[10]

[J]. Petroleum Geology & Oilfield Development in Dagqing,
2020, 39(2): 139-146.

BERTT, BV, 90, 2. I ST O sh SR AT N
(], RPEEAMMMT 5%, 2014, 33(1): 86-91.

HOU Dali, LUO Pingya, SUN Lei, et al.

Dynamic phase

behaviors of a near-critical condensate gas reservoir [J].
Petroleum Geology & Oilfield Development in Daqing, 2014, 33
(1): 86-91.

WKE, TP, W6, % . CO, P i iy LM A7 R B JUA IR
W2 A R [T ], SRR I i 4l (SRR , 2024,
56(5): 16-26.
ZHANG Lei, YU Haiyang, HUANG Tao, et al. Factors
influencing CO, huff-and-puff for increasing its storage capacity
and shale oil recovery [J]. Journal of South China Normal
University (Natural Science Edition), 2024, 56(5): 16-26.
ERE, Tidk, ik, 5. ZEES BN USRI T
ST, FFhIH U, 2013, 20(6) : 84-88.

WANG  Zhouhua, WANG Jijun, YANG Hongzhi, et al.
Parameters optimization of single well gas huff and puff for Anyue
low-permeability condensate gas reservoir [J]. Special Oil & Gas
Reservoirs, 2013, 20(6): 84-88.

S . RB B A BENT SORUEENT il 15 Qe WL B 5 15
[D]. We#R: PURgATIHICF, 2014,

MENG Chun. Research on the mechanism and relief methods of
condensate oil pollution in low-permeability sandstone condensate
gas reservoirs [ D]. Chengdu:
2014.

AATAL . LR IR BT SO BT 5 AT KRB 7k (D ).
SRR ARSI R, 2019,

LI Yuhong.

Southwest Petroleum University,

relief  methods for

Chengdu:

Evaluation and reverse
condensation damage in Nalofel gas reservoir [D].
Southwest Petroleum University, 2019.

Mz, X, £H#H, 5. FIRE TR HORTER 52 T
BEST A BINLHILY ], PR A1 2 2 i (A SRR , 2007,
29(1): 92-94.

WEI Yunfeng, LIU Tongzhen, WANG Xinyu, et al. Application
of the technology of the dry gas injection huff and puff on single
well in Kekeya gas condensate field [J]. Journal of Southwest
Petroleum University (Science & Technology Edition) , 2007, 29
(1): 92-94.

BHRGE, BRI, ZRIEAS, 55 . CO, BRI SO BET IR 1 3%
WEFE[J]. A, 2007, 27(3): 89-92.

LYU Dongliang, TANG Hai, LI Shengjie, et al. The study of
using CO, puff-huff to eliminate damage due to retrograde
condensed liquid in low permeability gas reservoir [J]. Offshore
0il, 2007, 27(3): 89-92.

KA. OB BERT T S BET 0 AL CO, A7 b A B S AT 13
FHIIEOITELD]. AR : THRE - BE . 2004.

SHU Mei. Research on the mechanism of reverse condensation
damage in white Temple condensate gas wells and the method for
resolving reverse condensation damage by CO, injection [D].

Chengdu: Southwest Petroleum University, 2004.

[13]

[17]

EH, EAE, BI5 . R Ih HEETR NH M RCR
[CIEPRI R A AR 25, BT 'ﬁ?iﬁk xRk
HIRE O REBOARNITE BT, 4. 48 =i 2 [R5 IR UHOT A R AR
Wt Sk, K, 2014, L’%%*ﬁ: S ARSR AR AT
Gr oy F TR, 2014 106-113.

WANG Rui, WANG Qian, WEI Fang. Application and effect of
nitrogen injection in condensate gas reservoirs of Tahe Oilfield
Technology ,

[CJ//Chongqing  Association for Science and

Chongqing Petroleum and Natural Gas Society, Chongging
Institute of Green and Intelligent Technology, et al.

of the

Proceedings
Third National Symposium on Special Gas Reservoir
Development ~ Technology,  Chongqing,  2014.  Urumgqi:
Engineering Technology Research Institute of Sinopec Northwest
Oilfield Company, 2014: 106-113.

AR, 26, 0T, AL BESER ALMRNE AR L 224
PAEWFSEL) ] Wit H , 2015, 22(4): 538-541.
WANG Jianhai, LI Di, ZENG Wenguang, et al.
of N, fractured-vuggy
reservoirs of Tahe Oilfield [J]. Fault-Block Oil and Gas Field,

2015, 22(4): 538-541.

Parameter

optimization injection technology in

FZEZE, AN, SRR, AE . RBBENT I ROEERT SO WA
Fe BT[], VO RS A R =i (A REHE IR , 2005, 27
(2): 45-49.

GAO Yiyi, SUN Lei, ZHANG Qingsheng, et al. Low permeability
condensate gas well, retrograde condensate, reverse imbibition
damage and removing methods [J]. Journal of Southwest
Petroleum University (Science & Technology Edition) , 2005, 27
(2): 45-49.

Vi, Vi, FOREL, S TR R S BT U REVEE
[T]. AlRIR R4, 2006, 28(5) : 85-87, 103.

TANG Yong, SUN Lei, DU Zhimin, et al. Study on improving
gas-condensate well productivity by huff and puff dry gas injection
[J]. Journal of Oil and Gas Technology, 2006, 28 (5) : 85-
87, 103.

BA, A AR, i, L RS W S BT BT R TR
RPN ], AR ST &, 2010, 37(3): 354-357.
GUO Ping, DENG Lei, YANG Xuefeng, et al. Dry gas huff and
puff effect evaluation of gas wells in low-permeable condensate gas
reservoir with rich condensate oil [J]. Petroleum Exploration and
Development, 2010, 37(3): 354-357.

L/NFT, AR, AT, L CO, AR BT SR BE T I
FMCRIGWITT ], BB RE A, 2025, 53(1): 86-93.
WANG Xiaoyu, REN Haojie, AN Yichu, et al. Experimental
study on improving condensate oil recovery by CO, huff and puff in
condensate gas reservoirs [J].
2025, 53(1): 86-93.

YL, BRom, XUREA:, 55 1A SR BERT U CCUS-EOR
BUHI LI 76 it R4l CH AR B2 R | 2025, 47(2)
115-126.

CUI Kai, CHEN Qiang, LIU Desheng, et al. Control mechanism

Petroleum Drilling Techniques,

of CCUS-EOR for CO,-rich gas injection in bailian condensate

reservoir J . Journal of Southwest Petroleum University (Science &



2070

EERIIESIPS

7

W

N

A B

546 5

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Technology Edition), 2025, 47(2): 115-126.
MOTT R, CABLE A, SPEARING M. A new method of measuring
relative for well

permeabilities calculating  gas-condensate

deliverability [C]//SPE Annual Technical Conference and
Exhibition, Houston, 1999. Richardson: Society of Petroleum
Engineers, 1999: SPE-56484-MS.

ARG, B, SRR, AL 1 CO, MRt TUR BENT SRR BE
Hr 0 FRCRPEA L] KA Bt 5 T &, 2023, 42(6)
151-158.

LI Pengfei, WANG Aifang, ZHANG Chenglin, et al. Effect
evaluation of CO, injection on mitigat retrograde condensate dam-
age of condensate gas in shale gas reservoir [J]. Petroleum
Geology & Oilfield Development in Daqing, 2023, 42 (6) :
151-158.

ODI U. Analysis and potential of CO, huff-n-puff for near wellbore

condensate removal and enhanced gas recovery [ C]//SPE Annual

Technical Conference and Exhibition, San Antonio, 2012.
Richardson: Society of Petroleum Engineers, 2012: SPE-
160917-STU.

HUANG Jingwei, JIN Tianying, BARRUFET M, et al

Evaluation of CO, injection into shale gas reservoirs considering
dispersed distribution of kerogen [J]. Applied Energy, 2020,
260: 114285.

THeA, 2R, B8, % TSk b R B E S R R
(T]. A5 RARTHLIT, 2024, 45(4): 1168-1179.

WANG Guangfu, LI Yang, WANG Rui, et al. Recent advances
in geological carbon dioxide storage and utilization[J]. Oil & Gas
Geology, 2024, 45(4): 1168-1179.

fipg, RYETE, #h#. CO, UM EFFUI R 5 W R ER R [T ]
Wl RLE#4, 2024, 9(5) : 668-677.

HE Qi, SONG Weibin, HAN Ying. Research progress and
application of CO, flooding oil storage: A review [J]. Journal of
Mining Science and Technology, 2024, 9(5): 668-677.

K-, HROG, ALK, S5 B R | 5 2R R 2H 5 R
CO, [ 25 A7 ki 0 [T ). B 8847 4 5, 2024, 45(3) = 355-
361. doi: 10. 7657/XJPG20240313.

SONG  Ping, CUI
Simultaneous CO, Huff-n-Puff Test in Highly Sensitive Reservoirs

Chenguang, ZHANG Jigang, et al.
in Upper Wuerhe Formation, Mahu Sag[J]. Xinjiang Petroleum
Geology, 2024, 45(3): 355-361. doi: 10. 7657/XJPG20240313.
A1, B4R, B30, & FACATHRE B BT URBB R T
R, FRRIh R, 2024, 31(6): 159-164.

RAN Lingbo, WANG Jia, LU Wenting, et al. Integrated
Geological Engineering Design for Complex Lithology Low-

Permeability Condensate Gas Reservoirs [J]. Special Oil & Gas

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Reservoirs, 2024, 31(6): 159-164.

ENAB K, EMAMI-MEYBODI H. Effects of diffusion, adsorption,
and hysteresis on huff-n-puff performance in ultratight reservoirs
with different fluid types and injection gases[J]. Energies, 2021,
14(21): 7379.

SONG Haosheng, LI Bobo, YE Pingping, et al. A shale apparent
gas diffusion model under the influence of adsorption effects to
analyze microscopic gas diffusion behavior[J]. Physics of Fluids,
2024, 36(7): 072021.

ALHARTHY N, TEKLU T, KAZEMI H, et al. Enhanced oil
recovery in liquid-rich shale reservoirs: Laboratory to field [J].
SPE Reservoir Evaluation & Engineering, 2018, 21 (1) :
137-159.

SIGMUND P M. Prediction of molecular diffusion at reservoir
conditions. Part IT - estimating the effects of molecular diffusion
and convective mixing in multicomponent systems [J]. Journal of
Canadian Petroleum Technology, 1976, 15(3): 53-62.

YAN Bicheng, MI Lidong, WANG Yuhe, et al. Multi-porosity
multi-physics  compositional simulation for gas storage and
transport in highly heterogeneous shales[J]. Journal of Petroleum
Science and Engineering, 2018, 160: 498-509.

DONG Xiaohu, LIU Huiqing, HOU Jirui, et al. Phase equilibria
of confined fluids in nanopores of tight and shale rocks considering
the effect of capillary pressure and adsorption film[J]. Industrial &
Engineering Chemistry Research, 2016, 55(3): 798-811.

PENG Dingyu, ROBINSON D B. A new two-constant equation of
state [J].
1976, 15(1): 59-64.

RACHFORD H H Jr, RICE J D. Procedure for use of electronic

Industrial & Engineering Chemistry Fundamentals,

digital computers in calculating flash vaporization hydrocarbon
equilibrium [J]. Journal of Petroleum Technology, 1952, 4
(10): 19.

MWAKIPUNDA G C, NGATA M R, MGIMBA M M, et al.
Carbon dioxide sequestration in low porosity and permeability deep
saline aquifer: Numerical simulation method [J]. Journal of
Energy Resources Technology, 2023, 145(7): 073401.

LI'Y K, NGHIEM L X. Phase equilibria of oil, gas and water/
brine mixtures from a cubic equation of state and henry’s law[J].
The Canadian Journal of Chemical Engineering, 1986, 64(3) .
486-496.

LAND C S. Calculation of imbibition relative permeability for two-
and three-phase flow from rock properties [J]. SPE Journal,
1968, 8(2): 149-156.

i+

(%% %)



