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Abstract: Horizontal well technology has become a key method for the economical and efficient development of unconventional resources
such as shale oil and gas. The drilling performance largely depends on the degree of matching between the bottom hole assembly (BHA) and
the geomechanical properties of shale formations. However, existing studies do not fully clarify the synergistic effects between the
geomechanical properties, the BHA structural parameters, and the drilling process parameters, making it difficult to achieve precise and
efficient trajectory control during actual drilling operations. Based on geological data and drilling information from a typical shale oil block in
the Junggar Basin of Xinjiang, this study developed a numerical simulation method integrating geomechanical properties, BHA structural
mechanics, and drilling dynamics. The study focused on analyzing the comprehensive impacts of parameters such as the number and
distribution of stabilizers, the depth of stabilizer rib penetration into the formation, as well as drilling parameters such as weight on hit (WOB)

and rotary speed on the steering capability of the bottom hole assembly. The aim is to reveal the dynamic coupling mechanisms between these
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parameters and to seek the optimal matching solution. The study found that, compared to drilling parameters such as WOB and rotary speed,

which can be adjusted in real-time during drilling operations, the structural configuration of stabilizers—especially the number of stabilizers,

the spacing between stabilizers and the drill bit, and the effective penetration depth of stabilizer ribs into the shale formation—had a more

sensitive impact on the steering capability. Based on this mechanism, the study proposed a structural optimization strategy focusing on

“increased stabilizer placement near the bit, precise spacing control, and optimized penetration depth.” Simulations and case comparisons

showed that this method could significantly improve the steering performance and drilling efficiency of the bottom hole assembly. The findings

provide a theoretical basis and key technical support for the refined design of bottom hole assemblies in shale oil and gas horizontal wells.

Keywords: Junggar Basin; horizontal well; shale oil; shale gas; geological model; bottom hole assembly; numerical simulation; geology—

engineering integration
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Fig. 1 Model of stabilizer ribs penetrating into rock
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Fig. 3 Comparison between actual and design wellbore

inclination angles for model validation
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Fig. 4 Effect of number of stabilizers on wellbore inclination angle
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Fig. 5 Effect of distance between first stabilizer and drill bit on

wellbore inclination angle
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Fig. 6  Effect of distance between second and first stabilizers on

wellbore inclination angle
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Fig. 7 Effect of embedment depth of first stabilizer in formation

on wellbore inclination angle
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at different rotational speeds
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