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Abstract

Long-distance pipelines play a vital strategic role in oil and gas transportation and storage systems, where their operational lifespan
and safety performance are directly determined by the effectiveness of anti-corrosion systems. As the core technology for controlling
electrochemical corrosion, cathodic protection faces challenges during long-term operation due to multiple factors including
geological variations, soil resistivity changes, coating aging, electrochemical interference, and measurement errors, leading to
uncertainties in assessing protection efficacy. This study systematically analyzes key factors affecting protection effectiveness and
evaluation methods based on cathodic protection mechanisms. It examines the limitations of the traditional “~850 mV (Cu/CuSO,
reference electrode)” criterion in complex environments and proposes a comprehensive evaluation system incorporating multiple
parameters such as steady-state potential, transient response, AC interference, and coating integrity. Through multi-source monitoring
data fusion and intelligent algorithm modeling, the research achieves dynamic identification and quantitative analysis of cathodic
protection status, providing theoretical foundations and engineering support for optimizing anti-corrosion design and operational
maintenance of long-distance pipelines.
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