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Abstract

Lost circulation remains a critical challenge jeopardizing safe drilling operations in complex hydro-
carbon reservoirs. This issue becomes particularly pronounced when penetrating naturally frac-
tured formations, pressure-depleted zones, weakly consolidated/fragmented reservoirs, and mul-
tiple pressure regimes. To effectively prevent and control potential lost circulation in fracture-
vuggy formations, it is imperative to establish comprehensive theories governing drilling fluid loss
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mechanisms and characterize leakage behavioral patterns. This paper systematically reviews the
evolutionary trajectory of numerical simulation methodologies for lost circulation analysis—pro-
gressing from early continuum mechanics frameworks and discrete fracture network (DFN) mod-
eling to contemporary multi-physics coupling systems and intelligent simulation technologies. It
synthesizes the current synergistic innovation mechanism driven by “geological cognition advance-
ment, computational technology iteration, and engineering demand traction” within domestic and
international research communities. Through comparative analysis of mainstream methodologies’
applicability and limitations, we propose future research priorities focusing on breakthroughs in
geological-engineering data fusion, real-time dynamic coupling algorithms, and cross-scale unified
theoretical frameworks.
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Figure 1. Hydraulic fracturing-induced leakage
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Figure 2. Fracture propagation-induced leakage
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Figure 3. Karst cave-dominated leakage
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Figure 4. DFN model construction flowchart
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Figure 5. Conceptual model of drilling fluid leakage
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