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Abstract

Tight sandstone reservoirs exhibit high fracture pressures during hydraulic fracturing, increasing
the difficulty and risk of fracturing operations. The perforation tunnels in perforated vertical wells
serve as conduits for transmitting hydraulic pressure. A rational design of the perforation phase
can reduce fracture pressure during hydraulic fracturing. Based on the principle of minimum initi-
ation pressure, this paper establishes a simplified mathematical model to analyze the influence of
perforation direction and the angle between the perforation and the principal stress on fracture
pressure. Using data from the sandstone reservoirs in the Hangjin Banner region of the Ordos Basin,
a finite element model incorporating cohesive elements is developed to simulate hydraulic fracture
propagation in perforated wells and analyze the influence of perforation phase angle on fracture
pressure. The results indicate that directed perforation along the direction of maximum horizontal
principal stress leads to the easiest fracturing of the rock, with the fracture pressure approximating
the sum of the minimum horizontal principal stress and the tensile strength of the rock. In the case
of spiral perforation, the fracture pressure increases as the perforation phase angle increases when
one perforation direction coincides with the maximum horizontal principal stress. When all perfo-
ration directions form an angle with the maximum horizontal principal stress, the fracture pressure
varies as a cosine function of the perforation phase angle, with the lowest fracture pressure occur-
ring at a perforation phase angle of 45°.
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Figure 1. Schematic diagram of perforation angle
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Figure 2. Variation of fracture pressure with angle under different stress differences
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Figure 3. Schematic diagram of the model
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Table 1. Model parameters
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Figure 5. Variation of fracture pressure under different phase angles
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Figure 6. Fracture initiation diagrams under different phase angles
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Figure 7. Rock fracture initiation diagrams under different phase angles
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Figure 8. Variation of fracture pressure under different phase angles and perforation angles
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Figure 9. Schematic diagram of optimal and suboptimal angles under 30° perforation angle
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Figure 10. Fracture pressure under different phase angles at 30° perforation angle
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