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Abstract

Carbon dioxide geological sequestration is a technology that safely stores industrial and captured
CO:2 gas underground in reservoirs, preventing its release into the atmosphere and mitigating its
impact on climate. Existing studies have shown that factors such as fault activation, cap rupture
and wellbore failure will lead to leakage during the geological storage of carbon dioxide, and
safety monitoring needs to be carried out with the help of monitoring methods. Distributed opti-
cal fiber sensing technology is widely used in petroleum, civil engineering and other fields due to
its characteristics of no underground power supply, strong electromagnetic resistance and large-
scale monitoring, but has not yet been applied to carbon dioxide geological storage leakage mon-
itoring. This paper first introduces the research status and significance of carbon dioxide geolog-
ical storage technology and optical fiber monitoring technology and summarizes the current typ-
ical projects of carbon dioxide geological storage. Then, the Krechba gas field of the in salah CO:
storage project in Algeria was selected as the research area, and the application scenarios of fault
layer activation fiber monitoring in the process of CO:z geological storage were studied through
numerical simulation CO: injection pressure on the monitoring effect were explored. The results
show that with the continuous injection of carbon dioxide, when encountering faults, it will pref-
erentially migrate along faults with higher permeability, the pressure in the faults will increase
sharply, obvious tensile strain signals will be generated at the optical fiber monitoring points, and
different geological and engineering parameters will have a significant impact on the character-
istics of strain signals. The research results have important reference value for the practical ap-
plication of distributed optical fiber monitoring technology in the process of CO: geological stor-
age, and provide a theoretical basis for further optimizing the monitoring scheme and improving
the security of the storage system.
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Figure 1. Geological model used in numerical simulation
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Figure 2. Comparison of formation pressure at different time points
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Figure 4. Strain information along monitoring lines and pressure-strain relationship at monitoring points
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Figure 5. Variation of formation pressure under different injection pressures
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Figure 6. Strain response under different injection pressures

6. NELENE T R 380 Bz

4.3. BRI S

DI ST A W JEAEAE B AR N B, A SO BB 1A WR SRR MR, J5 6] y Hh AR AL,
STEB NG G 8 N R AT WD = T i o RV N s v o TSR 0 AT SR A D e P R Eo s NS

N

DOI: 10.12677/ag.2026.162019 196 HERE} 22 AT


https://doi.org/10.12677/ag.2026.162019

X 27

7o W R B M R S0 AT 2

/ '/ '/ '/
/ / / /
B ERIASXx=72.7m A Ex=65m Rl Ex =60 m A Ex=52m

Figure 7. Layout of monitoring lines
7. BENEAE

I AR M x RACE R B, LIAL 8 IR AREUEAR ML, 2 x = 52 m AT A NEAR i 26 5 =
(IR AR IR FE A — 2L, BI 2 x =52 m I SIS KR S BN R . X, BrREG A E x=727
m,  RIJA AR SRS AE FE T 20 20 m

<10%
20

15

10

5
I
x=72.7m 3 -3
5'{10

15
B0
-25

sessommen

) 0 5 10 15 20 25 30 a5 40 o 3 10 1’5 iO iS =5 = T
W2 0 (m) o
iz e

Figure 8. Strain response at different locations

8. AEMLE R0

DOI: 10.12677/ag.2026.162019 197 HOBREL2E AT


https://doi.org/10.12677/ag.2026.162019

X 27

5. &

AV B AERT T — A MBI A S A R oM 20 A 3O 20 M 00 I AR 8 A5 5o e 3 A S A A AL
B, B T SR BE N R TR T M R AR R, DAVTAl LA I SR i R 5 T P AT A
W FE B R N I o R R s AR RS AR, WS I N 418

(1) AN R, W2 (R — A7 B AR (B B NI AL T4 K, R NI TA]BR A S I Ik
R o MR EE BN R, W A AR S AR RIS TR AR AN K, B 52 R R e b S A [ £
AR AN 5o EERERYT, AR B A RE  WJZ A GET I AR W N A W AT

(2) ASTRIEN Hs g0 N2 A i [ 7 A B JEM o N 3B, I B AR A5 i, Ml AR R
WA AR PIE AR Y S8 o (LA ) S A M) S ARFAIE AR 5O

(3) I AR I £V Xk LEAT =55 T 2 R A 7 2T 5 2 R S it 5 ) 7 A i 7 A
HIVE 28 20 mo.

L FIH] COMSOL Al — S At th 5 5 A7 S R P T R AL BOOE EF AN, 1 AN ) 2400 — 51
MBRIE N LR AR W SR RE I o ST AHIT TR, FRATTRT LU 3o o 7 r 0 — S A Bl it ke Al L BAT 2

B E AT

S 3k
AR, AR R B BRI BUR . BhERS AR AT, AR, 2023, 62(2): 194-211.

]
[2] SO, RIFBRUKE I AT R AU [D]: (AL 2 A 0], K RIEGFHRE, 2020.
[3] EEIE CO» B AFMIES H o e S BRE AE REAIT 78 [D]: (A 22 AR08 3], W WIS RHR A, 2020.
[4] Bl CO2 T 17 R 4t 5t B M i Ak S FL MR 72 [D]: [0 12446710 30]. KR ZRIBATH R 2, 2019.
[5]1 T4, BXM, 2B, ZE AR A HhoK 2 M5 347 E BRaf Fidt e &R R[] FREELRIP, 2013, 41(17): 71-72.

[6] Ewetr, LB, BEL, skpeil, TH, B4R, St B Rt RD]. Z4e 505 T,
2020, 27(2): 23-34.

[7] EfEH. FELDE SRR B SR B 72 X 7 [D]: [ ). K KiERFRE, 2014,
1 RN SR g 2 R w5 R R AU [D]: [ A ], KR RACHTHRE, 2017.
1 KE, R, ZRULIREAEROR KA FIUIR[I]. BRIR S5 FREE, 2007(2): 33-35.
[10] 2%, BN CCUS I H IR T M BR[N], 4. EFIIREE, 2022, 22(4): 1-4+21.
1 FaF, R, TN, ZEREFEHERT R[] H 2R S TR AR, 2013, 9(1): 81-90.
]

AR, BRE, REAT, AR, SRR EAF TR 22 S 0T A BUIR B Bk ShE S 0w AT 0125 A (1], 4544
TR, 2012, 28(5): 159-169

[13] 25, X@E%FE, X568, LEFE. SR FE AT R B RR[T]. WIF SRR, 2016, 3(4): 41-48.

(4] Db, Wb, S, B, S, 5. AN SRR = ARk b 5T A7 T H A0 S5 0 10 A5 00 9 (3]
P8 TR, 2018, 36(2): 10-14.

(151 B =SB BT A A BRI [T]. K S, 2017(13): 219.

[16] =%, XUHEEE, sk, BOAI, XN, AR oL 4 472 20 5% s U BIAR B g il [J]. HhBRBL 53k J, 2013, 28(6):
718-727.

[17] MHEZE, W ToORE. AL T I R S 77 ) BRSSO 1 52 W I BT 52 [Cl/ b [ R B2 4. TR [ b BR A 38 2012.
BB A E R AR R 22 H R, 2012: 551.

[18] ZEfdiug, SR AbBRHLFE A7 100 B SRS MM, (Rt 5, 2013(1): 38-41.
[191 %%, SEhA, ZEHk. CO MR B 77 PU4E £ 4 it B M AR HE R[], HhERE} a3t 2, 2015, 30(10): 1119-1126.

[20] Hzz, JTEERH, /73608, BB XK H AR T CO2 Mot 7 il F2 38 4% J e 77 VA JUt J [J]. MAR 22 [ 244,
2021, 31(6): 43-46.

DOI: 10.12677/ag.2026.162019 198 HuERFL 2 AW


https://doi.org/10.12677/ag.2026.162019

FEKE

[21]

[22]

(23]
(24]
(25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

GWht, JrEMH, AN, EREX, Xy, kTR, BUKIE. CO2 Hium A7 R I I 7R BRI AR IE )], RARARM T
(C1 L2510 T0), 2020, 45(5): 72-76.

DL, BRycil, ZEEM, XIEE, 220, ZH0E, W& . COr R R B I H R W EAD]. A%,
2018, 39(8): 3095-3102.

RS, BT IREES SBT3 A0 2O A I DR HENI[D): (Wi 25601030, Pa2e: PERRHE R, 2021.
RN, AR, A O eT AR I SE I8 S BUA AT ]. R EIIEK, 2022, 48(12): 7-14.

Daley, T.M., Myer, L.R., Peterson, J.E., Majer, E.L. and Hoversten, G.M. (2008) Time-Lapse Crosswell Seismic and
VSP Monitoring of Injected CO2 in a Brine Aquifer. Environmental Geology, 54, 1657-1665.
https://doi.org/10.1007/s00254-007-0943-z

Hopp, C., Guglielmi, Y., Rinaldi, A.P., Soom, F., Wenning, Q., Cook, P., et al. (2022) The Effect of Fault Architecture

on Slip Behavior in Shale Revealed by Distributed Fiber Optic Strain Sensing. Journal of Geophysical Research: Solid
Earth, 127, €¢2021JB022432. https://doi.org/10.1029/2021jb022432

Sidenko, E., Tertyshnikov, K., Gurevich, B. and Pevzner, R. (2022) DAS Signature of Reservoir Pressure Changes
Caused by a CO:z Injection: Experience from the CO2-CRC Otway Project. International Journal of Greenhouse Gas
Control, 119, Article 103735. https://doi.org/10.1016/j.ijgge.2022.103735

Zhang, Y., Lei, X., Hashimoto, T. and Xue, Z. (2021) Toward Retrieving Distributed Aquifer Hydraulic Parameters from
Distributed Strain Sensing. Journal of Geophysical Research: Solid Earth, 126, €2020JB020056.
https://doi.org/10.1029/2020jb020056

Liu, Y.Z., Wu, K., Jin, G., Moridis, G.J., Kerr, E., Scofield, R., et al. (2020) Strain and Strain-Rate Responses Measured
by LF-DAS and Corresponding Features for Fracture-Hit Detection during Multiple-Fracture Propagation in Unconven-
tional Reservoirs. Proceedings of the 8th Unconventional Resources Technology Conference, Online, 20-22 July 2020,
1134-1152. https://doi.org/10.15530/urtec-2020-2948

Shi, B., Zhang, D., Zhu, H., Zhang, C., Gu, K., Sang, H., et al. (2021) DFOS Applications to Geo-Engineering Monitor-
ing. Photonic Sensors, 11, 158-186. https://doi.org/10.1007/s13320-021-0620-y

Habel, W.R. and Krebber, K. (2011) Fiber-Optic Sensor Applications in Civil and Geotechnical Engineering. Photonic
Sensors, 1, 268-280. https://doi.org/10.1007/s13320-011-0011-x

Ugueto, G.A., Wojtaszek, M., Mondal, S., Guzik, A., Jurick, D. and Jin, G. (2021) New Fracture Diagnostic Tool for
Unconventionals: High-Resolution Distributed Strain Sensing via Rayleigh Frequency Shift during Production in Hy-
draulic Fracture Test 2. Proceedings of the 9th Unconventional Resources Technology Conference, Houston, 26-28 July
2021, URTeC, D021S031R002. https://doi.org/10.15530/urtec-2021-5408

Liu, Y.Z., Jin, G. and Wu, K. (2021) New Insights on Characteristics of the Near-Wellbore Fractured Zone from Simu-
lated High-Resolution Distributed Strain Sensing Data. SPE Reservoir Evaluation & Engineering, 25, 99-112.
https://doi.org/10.2118/208587-pa

Jin, G., Ugueto, G., Wojtaszek, M., Guzik, A., Jurick, D. and Kishida, K. (2021) Novel Near-Wellbore Fracture Diag-
nosis for Unconventional Wells Using High-Resolution Distributed Strain Sensing during Production. SPE Journal, 26,
3255-3264. https://doi.org/10.2118/205394-pa

TR, A, B, % AR K IR R IR LA I NG S ARE R R[] AR R, 2024,
9(5): 764-776.

PRes, SRR, SEh, & AT RN AL NAR N R R4S HURB T I5D]. AlEIR, 2024, 45(8):
1282-1295+1308.

You, S.H., Liao, Q., Yue, Y., Tian, S., Li, G. and Patil, S. (2025) Enhancing Fracture Geometry Monitoring in Hydraulic

Fracturing Using Radial Basis Functions and Distributed Acoustic Sensing. Advances in Geo-Energy Research, 16, 260-
275. https://doi.org/10.46690/ager.2025.06.06

DOI: 10.12677/ag.2026.162019 199 HERE} 22 AT


https://doi.org/10.12677/ag.2026.162019
https://doi.org/10.1007/s00254-007-0943-z
https://doi.org/10.1029/2021jb022432
https://doi.org/10.1016/j.ijggc.2022.103735
https://doi.org/10.1029/2020jb020056
https://doi.org/10.15530/urtec-2020-2948
https://doi.org/10.1007/s13320-021-0620-y
https://doi.org/10.1007/s13320-011-0011-x
https://doi.org/10.15530/urtec-2021-5408
https://doi.org/10.2118/208587-pa
https://doi.org/10.2118/205394-pa
https://doi.org/10.46690/ager.2025.06.06

	二氧化碳地质封存过程中断层活化光纤监测适用性研究
	摘  要
	关键词
	A Study on the Applicability of Fault Activation Monitoring Using Fiber Optics During Carbon Dioxide Geological Sequestration Process
	Abstract
	Keywords
	1. 引言
	2. 研究现状
	3. 研究方法
	4. 结果分析
	4.1. 基础案例分析
	4.2. 注入压力因素分析
	4.3. 监测范围分析

	5. 结论
	参考文献

