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Since the beginning of the 21st century, countries (such as the United States, Canada, Australia, Japan, and 

the United Arab Emirates) have accelerated the industrial deployment of CO2 capture projects, making significant 

contributions to CCUS development. Notable examples include Canada’s Boundary Dam and Quest projects, as 

well as China’s Enping offshore CO2 storage demonstration project. In both pilot-scale studies and large-scale 

demonstration projects, monitoring CO2 leakage is of critical importance, particularly in relation to wellbore 

integrity, subsurface CO2 migration, and potential leakage through the caprock (Fig. S1). 

 

Fig. S1. Progress in monitoring methods for CO2 leakage. 

At present, distributed optical fiber sensing technology is widely applied and includes underground hydraulic 

fracturing monitoring (Saw et al., 2025), seismic monitoring (Cang et al., 2025), CO2 plume monitoring (Chen et 

al., 2025), casing leakage monitoring (Gemeinhardt and Sharma, 2024), and gas lift optimization (Wang et al., 

2025). Among available methods, optical frequency domain reflectometry (OFDR) offers superior accuracy, 

resolution, and sensitivity compared to optical time domain reflectometry (OTDR), and requires lower light source 

power for equivalent dynamic ranges (Ding et al., 2023; Lv et al., 2025). 

 
Fig. S2. Application of distributed optical fiber sensing technology and schematic diagram of three kinds of 

scattered lights (Li and Liu, 2019; Zhang et al., 2019; Liu et al., 2024). 
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Fig. S3. Delayed seismic monitoring results of the Quest project (Rock et al., 2014; Stephen et al., 2022). 

 

 
Fig. S4. Shenhua CCS demonstration project site information and underground monitoring system: (a) Location 

of the Shenhua CCS Project and (b) Schematic diagram of underground monitoring for the Shenhua CCS Project 

(Zhang et al., 201 ). 
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Table S1. Research on the diffusion coefficient of CO2 in water/brine. 

 
Notes: Multilayer perceptron (MLP); Molecular dynamics (MD); Adaptive neuro-fuzzy inference system (ANFIS).  

 

Table S2. Research on the sealing performance and safety monitoring of the caprock. 
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