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Abstract

Underground gas storage is an efficient means of natural gas energy management, and the injec-
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tion and production string plays an important role in the process of peak regulation of natural gas.
The stress state of the string varies greatly in different injection and production cycles, and the
stress of the pipe string will change under different annular pressure conditions, which makes the
pipe string subject to cyclic and alternating loads for a long time, which will accelerate the damage
of the pipe string. Therefore, a mechanical analysis model of injection-production string was es-
tablished, which takes into account swelling effect, piston effect, fluid friction effect and tempera-
ture effect. A gas storage well was taken as an example to analyze the variation law of pipe force
and neutral point position under different annulus pressure, operating pressure during gas injec-
tion and production, and different packer positions. In addition, the axial load of the string at the
wellhead, packer and hanger changes greatly. The position of the neutral point of the string varies
between 965 and 1660 m, which puts the string in the tension and pressure alternating stress
state, which is easy to cause fatigue damage to the string and the gas leakage point. The research
results are of great significance to the monitoring of gas leak point of injection-production string
during gas storage process, the parameters design of the injection-production pressure and pack-
er placement.
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Figure 1. Schematic diagram of swelling effect
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Figure 2. Schematic diagram of piston effect
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Figure 3. Schematic diagram of gas friction
effect during gas injection and production
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Figure 4. Changes of axial force and neutral position of the column under different annular pressures. (a)
Axial force changes during gas injection; (b) Axial force changes during gas production
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Figure 5. Changes of axial force and neutral position of the string under different injection-production
pressures. (a) Axial force changes during gas injection; (b) Axial force changes during gas production
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Figure 6. Changes of axial force and neutral position under different packer positions. (a) Axial force chang-
es during gas injection; (b) Axial force changes during gas production
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Figure 7. Axial force distribution of injection-production string within one month. (a) Axial force of column
during gas injection; (b) Axial force of string during gas production
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Figure 8. Axial force distribution of the string in one injection-production cycle. (a) Axial force of column
during gas injection; (b) Axial force of string during gas production

8. —MEIRBHTEREHMEANSHE. (1) ESLEEHBES; (b)) REIEEHMEN

DOI: 10.12677/jogt.2024.462022 176 AR IR T =R


https://doi.org/10.12677/jogt.2024.462022

HAGF 5E

7E 4~10 HiESE R, 5K T 14~26 MPa, %% 1) 13~19 MPa, {5 & 18 x 10470 x 10* m%/d,
W 8(a) iz, FF I Abdl i fr /12T 213.06~251.47 kN, H AR abfi 1 5 /) 4.85~62.06 kN, i
BA B E IS A7 10.85~72.06 kKN, kS CONALE 1200.00~1410.00 m; £ 11~3 R0 RET, RAEH
8.46~23.75 MPa, 7% 7] 15.00~19.89 MPa, & 33 x 10%~123 x 10* m¥/d, Wi 8(b)ffaw, F 10 4bkh
[F]HL 77 169.18~215.22 kN, & A8 Abfli[a) [k 77 17.37~172.81 kN, B 88 kb7 [k /7 24.35~107.36 kN,
P ONALE 965.21~1219.20 m.

3.6. ZAAFRTARFFRLERLEEHERL

HZMESEBRNBITUR, ARERE FERSE. B ENAERSEARAR, X588
B2 B ) JJAFEZ 5, AN [FER A BARAE AE#E AT 8, 49 304N R R A B B0l ) g () A8 4k 3
B W o), (EEARE, Db ihmh )RV 229.38~300.53 kN, A8 b R
19.83~116.47 kN, EFE2s4bHlh) % /) 27.62~81.85 kN, Hiid i A7 B 1289.97~1660.00 m; #1114 9(b)ffw,

RSB Db B AR LTSRN 199.88~262.40 kN, FF PR 2 kbl 71 K 17 54.40~146.17 kN, B
FEALHN 77 31.14~94.35 kN, it SUNALE 1129.50~1450.00 m.

M= 77 K1) 3 /kN
J150-100 50 050 100 150 200 250 300 350 150 100 50 0 50 100 150 200 250 300
T T T T T T T T 0 ‘ : : i : :
14 — I
P 22 A
[ — 3 |
s00 — 3% 500
- 6¢
21000 — 74 _ 1000|
% ' ®
i " ;; i 1/kN
1500 10 1500 - s 0 s 1w
2000 - 2000
[{ﬁ N
2500 | e 2500 - .

@ (b)

Figure 9. Axial force distribution of the string under different injection-production periods. (a) Axial force of
column during gas injection; (b) Axial force of string during gas production
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