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Abstract

High temperature resistant drilling fluid is the core technical support for the development of deep
and ultra deep oil and gas and geothermal resources, and its performance directly determines drill-
ing safety and wellbore integrity. However, existing reviews are mostly limited to water-based or
oil-based single systems, and a unified multiphase coupling failure theory applicable to the three
types of fluids has not yet been established. There is also a lack of standardized evaluation frame-
works that can be compared between laboratory and wellbore scales; The cutting-edge achieve-
ments such as on-site engineering of 10000 meter deep wells, temperature sensitive intelligent ma-
terials, and full life cycle environmental assessment that emerged from 2025 to 2026 have not been
systematically integrated. Based on publicly published literature from 2015 to 2026, this article
constructs a three-level evidence evaluation system of materials formulation wellbore, clarifying
the multiphase coupling failure evolution chain of continuous phase, polymer, solid phase, and emul-
sion film under high temperature. On this basis, the system compared the adaptation laws of three
types of drilling fluids: water-based, oil-based, and synthetic based, under extreme conditions such
as ultra-high temperature, high salt and high density, ten thousand meter ultra deep well, long hor-
izontal section, and acid gas composite pollution. Four dimensional indicators including wellbore
hydraulics, settlement dynamics, life cycle environmental load, and digital monitoring were intro-
duced for quantitative evaluation. The research results indicate that the water-based system based
on amphiphilic hydrophobic micro crosslinking and thermosensitive nanocomposites can stably
adapt to long-term cycling conditions at 200°C to 230°C; Thermotropic reversible gel type oil-based
fluid can effectively inhibit solid deposition caused by high-temperature thermal dilution; The en-
vironmental advantages of synthetic base systems are not inherent properties, and their compre-
hensive emission reduction effect significantly depends on the efficiency of base liquid recovery and
the disposal path of drilling cuttings. At the end of the article, a short-term and medium to long-term
layering technology route is proposed from five dimensions: basic interface mechanism, standard-
ized high temperature and high pressure dynamic evaluation, development of new temperature re-
sistant materials, on-site intelligent operation and maintenance, and green circulation industriali-
zation, in order to provide theoretical support and engineering reference for drilling fluid formula
design and operating condition selection in deep and ultra deep oil and gas and geothermal resource
development.
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Figure 1. Multiphase failure evolution and evaluation hierarchy of drilling fluids under high-temperature conditions
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Table 1. Main failure modes, evaluation indices and control strategies of high-temperature resistant drilling fluids
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Figure 2. Schematic diagram of cuttings transport and cuttings-bed formation in horizontal-well annuli
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