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Simulation Study on Sensitivity of Tubing-casing Annulus Leakage
Parameters in High Temperature and High Pressure Gas Wells

ZHANG Yi-huai'?, TANG Li-ping'*", ZHONG Xiang’, TANG Li*
(1. School of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China; 2. Sichuan Province Science and Technology
Resource Sharing Service Platform for Petroleum and Natural Gas Equipment Technology, Chengdu 610500, China;
3. PetroChina Tarim Oilfield Company, Korla 841000, China; 4. PetroChina Tarim Petrochemical Company, Korla 841000, China)

[ Abstract] Due to factors such as temperature, pressure, and production rate, integrity issues like annular leakage in gas well
tubing frequently occur frequently. In order to study the influence of working conditions on the process of downhole oil pipe leakage, a
high temperature and high pressure oil pipe leakage simulation model was established based on field parameters and compared with the
existing mathematical model of small hole leakage. Based on the simulation model, the influence of flow field change, leakage
aperture, casing pressure difference and leakage environment on the leakage process was analyzed. The results show that the changes of
flow field mainly focus on the inside of the leak hole and the inlet and outlet of the leak hole. With the increase of the leak aperture,
the leakage quantity, leakage velocity, pressure and density inside the leak hole increase. The greater the pressure difference between
tubing and oil jacket annulus, the greater the leakage amount and leakage velocity, and the more drastic the change of pressure and
density. The gas velocity and pressure in the upper part of the annular protective fluid are greater than that in the annular protective
fluid section.

[ Keywords | tubing; multiphase flow; orifice leakage; tubing-casing annulus; numerical simulation
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Fig. 5 Characteristics of leakage velocity and pressure
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Fig. 6 Velocity characteristics of leakage hole axis

under different aperture
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under different pressure difference

TPE/(m-s)
254
2

29
203
178
153
127
102
76
51
25
0

FERE/(m-s")
279
251
A
A
(a) p,=60 MPa
TEBE/(m-s)

338
304
270
236
203
169
135
101
68

34

‘ A

(d) p,=75 MPa

TPE/(m-s)

TmfLH Ak Bl Pk R 0,

12 S AN R e 22 1 itk LA v Ak 1) 3 = [
P PR 2R e 2 Yt s 3 7k R ¥k s 5 i X5
AR, B 13 FE 14 205028 1 mm ks £L A 2E A A
FE 7T i LA SR R AN B AR Ak, fE 13,
P14 R AR LA T AL R R 0 3 R0 A
B R AR A R TR (B A 5l B R A
FEZEREKIT ) | 3 K 7 F0 30 A4 2% 1 e itk U L P 3
il NI E I N 36 B o W s Y T ST R N
FE 5 PR Bk A, AR 1 S IE RS R
F1—5, M 40 MPa, % EFETE 214 kg/m’
2.3 tHRIMEAF N

TME IR A T E B TR P2 (R, B T3
25 QR AP U O R B A 2 A R AR, s ORI
FEARRE T R M ER 24, v BEAAAE— B R
B, PR 1 mm MIRFL, 10 R 7 60 MPa, 325 &
5140 MPa, &1 A 25 50 25 O 3 A e 22 0
11 2 L PR L 4347

15 FEL 16 4353 0 N RI ER5E T s L4 26
JEE I s FL AR L R AR R 1S RTEn R
T Y 25 8 T B R B S T ik U A s AR
WA B, X BT IR A R TR A R RN B
I R TR, A 2 3RS SRR TR B,
ARV ) A7 B 3R 1T 5K ) AR A RE ) A A

TPE/(m-s)
295
265
236
206
177
147
118
88
ﬂ 59 ‘
30
g N,

N

(b) p,=65 MPa (¢) p,=70 MPa

403

‘ T T

(e) p,=80 MPa

Bl12 AT e 22 1 i LA L 13 2 A

Fig. 12 Velocity characteristics of leakage hole section under different pressure difference

ML www. stae. com. cn



B R 5 TR

8480 Science Technology and Engineering 2025,25(20)
80 g L MERZE JEJE/(m-s™)
| 254
1 229
70 | biiik=9:5] 363
& | —— 60 MPa -
= | ——65MPa 178
R —— 70 MPa 153
S ——75MPa 137
50 - I\\\\! —— 80 MPa
1 102
I
a0t L — 76
. L1 . . 51
0 20 40 60 80 2
AL /mm 0

B 13 AR R 22 B it FLAh 2 I o ek
Fig. 13 Pressure characteristics of leakage hole axis under

different pressure difference

450
whE ?tll_fﬁal‘L MERZE
400 F !
= ! biiik=d il
TE ! —— 60 MPa
3501 ! ———65MPa
i“’ — 70 MPa
= 300 ———75MPa
& —— 80 MPa
250+
200 L | I | | |
0 20 40 60 80

AiF/mm
& 14 R[R 22 R T L2 i 4 2 B R

Fig. 14  Density characteristics of leakage hole axis under

different pressure differences

600 - e I?'ﬂﬁ:ﬂ.. MEH T
I
I
_ 450} |
n |
£ I
@ 300 I — &
= I — W
[} I
150 [
I
1 I
0 | 1 L L
25 40 55 70 85
AL /mm

FU15 R[RIPRIG T O FL A 2 B e
Fig. 15 Velocity characteristics of leakage hole axis under

different environments

F IR, X AR TAARTE K iz 2 i B 32 3 TE K
A BRI

K17 AR EREE T M FLANZ s R fE 46
FTLAZE AR R B it s 1 22, i s AL P S il
AR 2 AR A g DR T i T 2 B s R
M 7 7E 0 A IR AL B PR A TR, A (R PR R
TR T AR

P 18 Sy AN [ PR35 T 1 s L2 4 0 R 2 182 22 £k
ek, SE 17 XTI A A S
AR VIRSG , T VA 285 J3E 7 i T L P 0 L ke 1 22

(a) MR E B
B/ (m-s)
638

574
510
447
383
319
255
191
128
64
0

(b) M =S
K16 A [RIPRISE T O FLAE T (0 3 B2 R

Fig. 16  Velocity characteristics of leakage hole

section under different environment

0 WE MR mEHE

551
= — %K
207 —— B R
t

45+

40

0 2IO 6lO éO

K17 AREIPREE T i FLA 2 R
Fig. 17  Pressure characteristics of leakage hole

axis under different environment

MBI BN — 2, HLAR R L A i
T 2 M O TR 2 38 O Sl U 2 B s R 9 1Y
JE o TEMEIRZS AL IO MR A R A T
B R L . X T A
TR MR, VAT W A P 2 52 BIAR 9 TR ) )R
46, FECUARRIRRR N | T 0 B

3 #Fig

BEXTINAE T e /N FLRCT il A A e 22 A TR
itk s BRI 52 e T 3 2 O IR 2R R Fluent 15 573
A, TR 1A AR itk e L B B s A SR R

ML www. stae. com. cn



2025,25(20)

o
&
=
&
i

i i e A 3 23 it U 2 U PR Oy A5

8481

330

300

S5}

~

(=}
T

B JE/(kg-m™)
()
]

[SS]
[}
T

23
=1
(=1

20

P18 AN[RIFRIE T G FL A2k I 1 4 B ik
Fig. 18 Density characteristics of leakage hole axis under

different environments

JE ) B R AT AR 8 N E5E

(1) /INFL I o 34 PR 0 3 3 S /N, i
AR A A e i L P Rt 11 BRI, R S R
AL RIS, T 5 %% B A T L 9 ke A T A
TR,

(2) MR FLAR 3 K, 93 9 B 38 K, Tt URs O0i #2:
LR K A 5 A R 2RO, e
R K W FL PR ) AR A s R AR Ak AR 5

(3) T 28 A AR 3 R I g R T s 2 B 2
PO R Sy, 78 R 23 AN ERBE Sl S AR 1 45
INTF AN EREE A A 1) 5

2 % X W

(1] XBpE, BIRF. TG It R AR S [ ],
KIRR T, 2022, 42(12) ; 82-94.

Deng Hu, Jia Lichun. Key technologies for drilling deep and ultra-
deep wells in the Sichuan Basin: current status, challenges and
prospects[ J]. Natural Gas Industry, 2022, 42(12) . 82-94.

(2] W, Jot, %8, & Sk U 130 E T

WA RHLT]. S, 2022, 43(2) ; 68-73.
Geng Hailong, Long Yan, Zhao Mifeng, et al. Annular fracture
reason of super 13Cr oil tubing used in high pressure and high tem-
perature gas well [ J ]. Corrosion & Protection, 2022, 43 (2):
68-73.

[3] Muther T, Qureshi H A, Syed F I, et al. Unconventional hydrocar-
bon resources: geological statistics, petrophysical characterization,
and field development strategies[ J]. Journal of Petroleum Explora-
tion and Production Technology, 2021, 12 1463-1488.

(4] BRI, RAMH, Rie, S5 Kl HEAKIE N8O 8 il 4 2
SYHT[D]. KA, 2024, 47(9) : 62-68.

Cheng Limin, Wu Shaowei, Song Yang, et al. Corrosion failure
analysis of N80 tubing in water injection well of a certain oilfield
[J]. Welded Pipe and Tube, 2024, 47(9) : 62-68.

(5] Bgesk, SR, Hall, 2. ORI T i A 5
[J]. AimbLIR, 2024, 52(6) : 64-69.

Fang Yilin, Fan Jianchun, Yang Yunpeng, et al. Simulation on
sound field of leakage below fluid level in annulus of gas well[ J].

China Petroleum Machinery, 2024, 52(6) ; 64-69.

ML www

(6]

(7]

[10]

[16]

XIRERE, TEAEH:, Toese, . ik e & SOt b Rk
BOERAHT[)]. BRARR S TR, 2021, 21(12) : 49054910.
Liu Xiangkang, Wang Chuanlei, Ding Liangliang, et al. Failure
probability analysis of barrier components in hthp sour gas wells
[J]. Science Technology and Engineering, 2021, 21(12) ; 4905-
4910.
SR, RXAEEE, ARERLL, SF. Al R I B S A TR B0 S R e A
ZAH[1]. FHEEARS TR, 2023, 23(34) : 14574-14580.
Zhang Zhi, Zhao Yuanjin, Zheng Yushan, et al. Prediction and
analysis of influencing factors of annular pressure in gas storage
wells[ J], Science Technology and Engineering. 2023, 23(34):
14574-14580.
sk, BB, R BT R AR B S ) B S 4y
HrlJ]. A4, 2015, 36(8) ; 1012-1017.
Zhang Bo, Guan Zhichuan, Zhang Qi. Prediction and analysis on
annular pressure of deepwater well in the production stage[ J]. Acta
PetroleiSinica, 2015, 36(8) : 1012-1017.
LhYesc, sREsk, R, 45 RN PR Al i
EHFE[I]. PEE LA, 2023, 35(5) : 117-127.
Ma Yingwen, Zhang Xiaocheng, Huo Hongbo, et al. Prediction
and control of annulus pressure in Bohai condensate gas field[J].
China Offshore Oil and Gas, 2023, 35(5) . 117-127.
BrlE, X\, B, & R RS ot
PETMEORBIFE 1], iR T2, 2020, 43(1) ; 53-56.
Yang Xiangtong, Liu Hongtao, Cao Lihu, et al. Study on well in-
tegrity evaluation technology for high-pressure deep gas well before
well testing [ J]. Drilling & Production Technology, 2020, 43
(1): 53-56.
HKaL, FOEA, FEER, M SRR R RS O BE R
WFELI]. AhALEL, 2020, 48(12) : 123-129.
Zhang Hong, Yuan Guangjie, Li Guotao, et al. Numerical simula-
tion of leakage flow field for tubing and casing in gas wells[ J].
China Petroleum Machinery, 2020, 48(12) . 123-129.
R, T, GRLL, AF. BRI PRI S TR
FELI]. hE%ZEARAER, 2019, 15(8) : 101-105.
Feng Ding, Zhou Yu, Zhang Hong, et al. Research on prediction
models of casing annular pressure recovery and pressure relief[ J].
Journal of Safety Science and Technology, 2019, 15(8): 101-105.
FEHE, A4, B, & Rs R D SRR
TEBIFE[T]. S5, 2024, 47(7) : 18-25, 31.
Wang Xijun, Wang Jia, Cheng Wei, et al. Simulation Study on
Leakage Diffusion Parameter Sensitivity of Overhead Gas Transmis-
sion Pipeline[ J]. Welded Pipe and Tube, 2024, 47(7) ; 18-25,
31.
Saushin I, Goltsman A, Uncertainty of isokinetic sampling of the
phase composition of a gas-oil-water mixture at different regimes of
a developed horizontal pipe flow[ J]. Journal of Petroleum Science
and Engineering, 2020, 195. 107901.
WY, T, e, & ETHERGRHEREREE
WSRARARTIELT]. ApLg, 2023, 51(12) ; 8-16.
Tang Liping, Zhou Xiangyu, Li Jinhe, et al. Parameter optimiza-
tion of variable-diameter stabilizer based on annular flow filed char-
acteristics [ J ].  China Petroleum Machinery, 2023, 51 (12):
8-16.
Trest, Rilg, BROCRE, 4. SO Wil A BES s A
PEBFFE[ ], S R, 2023, 33(11) : 89-96.

. stae. com. cn



8482

B A 5T R

Science Technology and Engineering

2025,25(20)

[17]

[18]

[19]

[20]

[21]

[22]

Ding Liangliang, Zhu Hai, Chen Wenkang, et al. Study on transi-
ent migration characteristics of leaking bubble in gas well annulus
[J]. China Safety Science Journal, 2023, 33(11) ; 89-96.
EFNI, BRYE, DHEE, . MBI RSO AL E R 2
WIBFEL)]. BR T2, 2021, 44(4) : 4346.

Shu Gang, Chen Hao, Ma Huiyun, et al. Study on the pressure
relief diagnosis of leakage location in gas well with sustained pro-
duction casing pressure [ J]. Drilling & Production Technology,
2021, 44(4) . 4346.

Zhang B, Xu Z X, Lu N, et al. Characteristics of sustained annu-
lar pressure and fluid distribution in high temperature gas wells
considering multiple leakage of tubing string[ J]. Journal of Petro-
leum Science and Engineering, 2021, 196 108083.

Trudel E, Frigaard I A. Stochastic modelling of wellbore leakage
in British Columbia[ J]. Journal of Petroleum Science & Engineer-
ing, 2023, 220 111199.

ZETG, R, FIEA, A5 mEES/MLURE SR 2 T S
BB IAE[J]. WK (A AR, 2018, 58
(12): 1095-1100.

Li Xuefang, He Qian, Ke Daoyou, et al. Validation of flow parti-
tioning model for high pressure hydrogen jets through small orifices
[J]. Journal of Tsinghua University ( Science and Technology ) ,
2018, 58(12) : 1095-1100.

FARE. LNG A /N -AL v s 28 P s S 4 e A
D], G PEFFEBR RS, 2021.

Lu Qizhao. Numerical simulation on jet characteristics of LNG va-
por leakage with high pressure from orifice near ground [ D ].
Hefei; University of Science and Technology of China, 2021.
W%, EIRFT, BER—. o A U T /AL S R L i s A
R LB )], G4 SIEETRE, 2009(4) ; 108-110.

[23

[24]

[25]

[27]

Feng Wenxing, Wang Zhaoqin, Cheng Wuyi. Analysis of the noz-
zle model and hole model associated with high-pressure natural gas
pipeline leakage[ J]. Safety and Environmental Engineering, 2009
(4):108-110.

RUH, KR, ElE, & TS EmA )] A
S RIREALT, 2016, 45(2) : 50-54.

Wu Guiyang, Yu Huali, Yan Jing, et al. Corrosion failure analy-
sis of downhole oil tube[ J]. Chemical Engineering of Oil & Gas,
2016, 45(2) : 50-54.

B, SO, B, S PRl RO Rk SR ]
BiRTZ, 2021, 44(5) ; 54-58.

Luo Heng, Yuan Shaoping, Yang Chao, et al. Study on new cal-
culation method of well leakage in gas well with annular pressure
[J]. Drilling & Production Technology, 2021, 44(5) : 54-58.
Luo W. Analysis and control of annular pressure caused by leakage
effect of completion string for HP/HT/HHS gas wells in Sichuan
Basin [ J]. Petroleum Science & Technology, 2022, 41(9):
1-20.

BEIESC, B K, BA%E, 5. BET CFD Y IR 18 )R
MR ORI ] ALK, 2021, 49(6) : 132-138.

Xue Huiwen, Lii Xiaofei, Zhao Huijun, et al. Study on the diffu-
sion law of crude oil leakage from buried submarine pipeline based
on CFD [ J]. China Petroleum Machinery, 2021, 49(6):
132-138.

IO, Bk, R, A BRSNS T e RE
YA RG] A, 2025, 48(2) : 15-23.
Zhan Wenwen, Ju Chengyong, Xi Minmin, et al. Simulation stud-
y on the whole process of leakage and diffusion of buried gas pipe-
line under soil-atmosphere coupling[ J]. Welded Pipe and Tube,
2025, 48(2): 15-23.

¥ Mk . www. stae. com. cn



