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Abstract

To address the potential risks of fault slippage and leakage induced by high-pressure CO: injection
during CCUS-EOR development in tight oil reservoirs, this study establishes a multi-field coupled
numerical model integrating fluid flow, solid mechanics, and rock damage. The stability of faults
and the security of CO: storage were systematically investigated under varying injection distances
and flow rates. By introducing fault slip and leakage coefficients, the critical slip behavior and leak-
age risks were quantitatively evaluated. The results indicate that the injection distance is the pri-
mary factor controlling fault stability and storage integrity. When the injection distance is less than
100 m, pore pressure perturbations readily trigger fault reactivation, creating pathways for CO:
leakage. Conversely, fault stability is maintained and storage security is significantly enhanced
when the distance exceeds 400 m. Furthermore, reducing the injection flow rate effectively miti-
gates pore pressure buildup and stress concentration, thereby decreasing the magnitude of fault
slip and inhibiting nonlinear leakage processes. Observations show that fault slippage primarily
occurs during the initial injection stage, following a logarithmic growth pattern, while the CO: leak-
age rate evolves from an initial acceleration to a subsequent deceleration over time. This research
suggests that the synergistic optimization of injection distance and flow rate is a critical technical
strategy for ensuring the safe operation of CCUS-EOR projects and achieving long-term CO: seques-
tration.
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Figure 1. Fluid-solid-damage coupling relationship
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Figure 2. Geometric model
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Figure 3. Geometry of the soil column consolidation model
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Figure 4. Comparison between numerical and analytical solutions of the soil column consolidation model
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Figure S. Fault slip conditions after 45 years of COz injection at different injection distances (50 t/d)
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Figure 6. Fault slip conditions after 45 years of COz injection at different injection distances (20 t/d)
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Figure 9. Comparison of different injection rates at a 300 m injection distance
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