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Abstract In carbon dioxide enhanced oil recovery and storage (CCUS) projects, sustained annular pressure is commonly
attributed to packer sealing failure; however, pressure testing confirms the integrity of packer seals. This study proposes that this
phenomenon arises from additional stress accumulation induced by temperature-pressure-phase coupling during CO- injection,
leading to equivalent loads exceeding the packer’s sealing limit. By integrating the conservation laws of mass, energy, and mo-
mentum in fluid mechanics with the EXP-RK equation for phase behavior analysis, a coupled temperature-pressure-phase-stress
multi-field model was developed to systematically quantify the synergistic effects of injection temperature, pressure, volume, and
duration on wellbore stress fields. Validation using field data from a CO: injection well in the Changqing Oilfield demonstrated
model accuracy, with a bottomhole pressure prediction error of 2.83% and temperature error of 1.75%, significantly outperform-
ing conventional single-field models. Key findings include: (1) The injection temperature and injection volume are the main
controlling factors for phase state evolution. The liquid-supercritical phase transition interface decreases significantly with the
reduction of injection temperature and the increase of injection volume. (2) The injection temperature, pressure, and volume
govern stress accumulation in the packer through thermal expansion, ballooning effects, and fluid friction. Critical threshold
analysis revealed that equivalent loads exceed the unsealing limit (60 kN) when the target block meets any one of the following

critical conditions: injection temperature<<6.5 °C, pressure=18.06 MPa, or volume=2.61 t/h, causing packer unsealing.
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Table 3 Parameter table of a CO, injection well in the Changqing Area

E 24 55 HH
H% /m H 2660
R oC T, 12.91
AR °C T 6.5
WA 1 /MPa D 19.74
HEA /(t/h) 0 3




534

AimEREER 20254F 06 H 55 10 555 3 1

SENEE/C
-5 0 5

-10

o

1 %
] i

BT

S

(a) CO %975

£ 51/MPa

18 20 22 24 26 28 30 32
0 T T T T T T T T T T T T T T

34

500

1000

wIm

H* 1500

2000 ~

2500 |

3000 L L

(c) Eha
B 5 AEENRETCO, RSHBEBEHRNSHNH

Fig. 5 Distribution of CO, flow parameters and tubing stress parameters under different injection temperatures

HIEATETE T CO, I IR TTI, FHZSFE A A TR
BFETH; M im s s, A
FUHARXIRRE , HBEEA R TS B, (AR
THEABEARA, TEAE XA 7347 s M AR X A
FRo & 6blon, AT ARG BERE T TR, TITEA
JE N Th e S BT RIREE MRCT B, ALy i e 41
N ARTTE N, s R, i TR AR,
X —BUGR AR 1 18] 6a v i IR T 00 T S S AL e
WRFIEs [ 6cdt—24a R, IR0 bETE AR
Thim L agan, HIEJgiE ALt d, FEHAN
TR ZEAE T CO, MR B Ik R, %
W T AR RO R I e B K 6d
e, A RLR T TR, (A ) T L
UL AR R F) oA (1) SR | i 120 152 B
PRI 58 5 (2) A B 5 Tk R AP0, e

SBE/PC
520 0 20 40 60 80 100
—e—-10°C
500 | e 5o i
—e—0°C
1000 - A—5°C i
10°C
HERE
£
® 1500r -
e
2000 | i
2500 | \ i
N
3000 N 1 N 1 N 1 N 1 N 1
(b) BED
& /MPa
.0 50 100 150 200 250 300 350
500 |- i
1000 - -
£ 1500 - i
2000} / 4
/‘ —e—0°C
v —A—5°C
2500 |- i
/ 10°C
EHEE
3000 |- i
(d) BN DT
FERHSN , T2 FEOTRN 83 LT
33 AEFEANETCO,HZE., BESK ST
AN 30 d, AR S 19.74 MPa, (1A

HEE 6.5 °CHT, 2t TiHEAR 1 th, 3 th, 5 th,
7 th, 9 vhB R N TRIARMARS . A R AT
TR B A A L, sl 7 s o

B 7akB], EAETHE D ELES T HE NS
R s & 7o o, A P T A TR B R
HE A I R S AR AR B2 A, LI s A
AT AR T4 A T AR S b2 Y BRASH B [E]
(B4 T3 Ta SRR G S B Teit—2
R, HEE B S A R R E A, H
JEJTHG IR 5 AR R IEA DG, FEBEN TINRATT
CO, B K R F R oTak g, B 7d, AR



CO, TEAEHZ A MR 3335 85T

535
SEANEJI/IMPa REIPC
o 5 10 15 20 25 0 20 40 60 80 100
0 _\Al_\'i T T T T
500 ‘ —— 5MPa
500 |- —=— 10MPa |
—e— 15MPa
1000
1000 L —A— 20MPa |
25 MPa
I £ HERE
5 5K 1500 |- g
K 2000 ®
2000 4
2500
3000 1 I s 2500 |- .
[ miass
3500 3000 — :
(a) CO, MBS (b) ‘RE ST
& 31/MPa EA1/IMPa
0 10 20 30 40 50 0 50 100 150 200 250 300 350
0 —-—‘—A— T T 0 T T T X T
\ A
I \ 1 x —&— 5 MPa
500 T 10 MPa - 500 |- _
= & ). —A— 15 MPa
1000 1 L \ —e— 20 MPa 1000 L i
| X —#— 25MPa
£E [ 1 E
% [ \ @ 1500 | 1
4 1500 - ! ‘& \ 1 &
L k —¢— 5MPa
. & N 2000 - —=— 10 MPa -
2000 |- \ \ k 7 —e— 15 MPa
.\ x 2500 |- —A— 20 MPa ]
2500 |- T ' \ i iimga
] EEE
¢ ¢ 3000 | .
3000 ! '

(c) Eho
B 6 FEENEHTCO, RSB SEERNSHAH

(d) ERENHZ

Fig. 6 Distribution of CO, flow parameters and tubing stress parameters under different injection pressures
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Fig. 7 Distribution of CO, flow parameters and tubing stress parameters under different injection volumes
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