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Borehole Stability of Shale Oil Horizontal Wells under
Multi-Field Coupling Conditions
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Abstract: During drilling of shale oil horizontal wells, shale formations with abundant micro—fractures are
prone to strong hydration swelling once exposed to water, consequently leading to severe borehole collapse. To
address this engineering problem, a numerical model that can accurately reflect the multi-field coupling process of
fluid seepage, rock mechanical deformation and chemical hydration was constructed to provide a theoretical basis
for drilling parameter optimization and borehole stability control of shale oil horizontal wells in the Qingcheng

block. Parameters such as cohesion and internal friction angle of shales in the Qingcheng block were measured
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through triaxial compression tests, and the swelling strain patterns were determined through water absorption and
welling experiments. Based on the fracture mechanics theory and the finite discrete element method (FDEM) , a
hydro—mechanical-chemical (HMC) coupling model was constructed and verified by experimental data and field
data. The study reveals the whole physical and mechanical process of borehole instability in shale formations: the
drilling fluid infiltrates under the differential pressure and induces hydration of clay minerals, leading to degrada-
tion of rock strength and generation of microcracks; the pore pressure diffuses rapidly along the microcracks, with
the diffusion radius expanding from 0.4 to 0.9 times the borehole diameter within 200 h. Parameter sensitivity
analysis shows that insufficient drilling fluid density (<1.20 g/cm’) directly induces cracks and intensifies hydra-
tion, resulting in large—scale collapse within a short time (the area ratio reaches 21%). The drilling fluid viscosity
has a significant inhibitory effect on collapse under low—density conditions but few contributions to borehole stabil -
ity under high drilling fluid density. When the formation swelling coefficient increases from 0.2 to 1.0, the col-
lapse area increases sharply from 8. 5% to 32. 8%. The smaller the angle between the drilling direction and the
maximum horizontal principal stress direction, the more unfavorable the stress concentration, with the collapse
area increasing systematically as the angle decreases. Compared with traditional models, the HMC coupling model
can more accurately predict the collapse cycle and scale. The drilling fluid density of 1. 25-1. 30 g/cm’ and viscos-
ity of 0. 04—0. 06 Pa*s are recommended for horizontal wellbore in the Qingcheng block. This study provides engi-
neering guidance for trajectory design and drilling fluid optimization.

Keywords: shale oil; drilling of horizontal wells; fracture mechanics theory; pore pressure; hydration; bore-

hole stability ; borehole collapse area
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Table 1  Results of triaxial compression tests
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Fig. 3 Variation of water absorption rate of shale core with time
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Fig. 4 Water absorption & swelling rate curve of shale core
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Fig. 9 Distributions of water content and pore pressure

around wellbore in different drilling stages
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