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Abstract

Drilling fluid, the “blood” of drilling engineering, directly determines downhole operation safety and efficiency via its stability. In
developing deep, offshore and unconventional oil and gas, extreme conditions like high temperature (>180°C ), high pressure (>70MPa)
and high salinity (total dissolved solids >200,000mg/L) often cause abrupt rheological changes, colloidal structure collapse and
treatment agent failure in drilling fluid—key bottlenecks for complex hydrocarbon development. This paper analyzes how extreme
conditions affect drilling fluid’s colloidal stability, rheology and interface characteristics. Using multi-field coupling theory, it builds
a dynamic regulation model and proposes a “molecular design-performance monitoring-real-time regulation” tripartite solution,
offering theoretical and technical support for optimizing drilling fluid systems under extreme conditions.
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