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Abstract

During drilling of the Upper Ordovician Wufeng-Lower Silurian Longmaxi shales in the Sichuan-
Chongqing area, chemo-mechanical coupling between bedding planes and clay-mineral hydration
swelling frequently induces progressive wellbore instability, leading to complex accidents such as
borehole collapse, sand bridging, hole shrinkage, and differential-pressure sticking, which seriously
compromise drilling efficiency and safety. Field practices indicate that simply increasing mud weight
or applying a single anti-sloughing measure cannot fundamentally eliminate recurrent instability.
Wellbore stability control has shifted from the traditional passive strategy of mud-weight increase
and lost-circulation plugging to an active prevention framework integrating chemo-mechanical cou-
pled modeling with real-time dynamic adjustment. This paper systematically reviews the mechani-
cal mechanism (anisotropic shear slip controlled by bedding planes) and chemical mechanism (strength
degradation due to hydration swelling), the triggering conditions and formation processes of the
four sticking types, and the dominant controlling factors (internal mineral composition and in-situ
stress state; external drilling-fluid properties and wellbore trajectory). The current application sta-
tus of anti-sloughing drilling-fluid systems and coupled stability models is also assessed. Compre-
hensive analysis indicates that the chemo-mechanical coupled stability model provides a theoreti-
cal basis for quantitative instability analysis, while the anti-sloughing drilling-fluid system serves
as an engineering vehicle for implementing field measures; the two are complementary and, together
with real-time monitoring and dynamic adjustment, constitute the technical core of current wellbore-
stability practice. Nevertheless, bottlenecks remain in engineering translation of coupled models,
quantitative evaluation of plugging performance, and ultra-deep instability prediction. Future ef-
forts should target intelligent early warning, high-performance and environmentally friendly anti-
sloughing materials, and region-specific evaluation criteria.
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Figure 1. Microscale migration mechanism of shale oil and gas
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Figure 2. Outcrop photograph of coal-bearing Malongxi
Formation
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Figure 3. Outcrop photograph of mudstone/shale of the
mudstone/shale of the Malongxi Formation
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Figure 4. Schematic diagram of hole shrinkage sticking mechanism
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Figure 5. Schematic diagram of differential pressure sticking mechanism
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