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Abstract

High in-situ stress and rock heterogeneity jointly affect fracture propagation in deep shale reservoirs.
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During CO: prepad and subsequent hydraulic fracturing, the fractures created in the prepad stage
alter the flow paths for subsequent injection, linking fracture growth to fluid properties, injection
conditions and pre-existing fracture geometry. To clarify the connection between the two stages, a
two-dimensional thermal-hydraulic-mechanical model is established using the finite-discrete ele-
ment method. A restart procedure enables continuous simulation of CO: prepad and subsequent
water injection. Fracture propagation is examined at different injection rates under a fixed total
injection volume and at different horizontal stress differences. The results show that CO: fracturing
produces more branches near the injection point and main fractures than water fracturing. Subse-
quent water injection extends the prepad main fractures and some branches. Increasing CO: injec-
tion rate increases final fracture length and aperture, with a more pronounced change in aperture.
Lower stress differences favor multidirectional branching, whereas higher differences produce more
distinct main-fracture paths while retaining the influence of prepad branches. The findings provide
a basis for selecting injection parameters for COz prepad and subsequent hydraulic fracturing in
deep shale reservoirs.
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Figure 1. Comparison of model validation results
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Figure 2. Schematic of the two-dimensional computational
domain and loading directions
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Table 1. Main parameters of the numerical model
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Figure 3. Comparison of fracture morphologies between CO: fracturing and hy-
draulic fracturing
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Figure 4. Comparison of fracture morphologies at two stages
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Figure 5. Comparison of fracture morphologies under different CO2 displacement rates
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Figure 6. Curves of fracture length and aperture under different injection rates
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Figure 7. Fracture morphologies under different in-situ stress differences. The upper shows preposed CO2
fracturing, and the lower shows subsequent water injection
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