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Abstract: This study focuses on the design and operational optimization of long-distance natural gas pipelines. It
systematically reviews design specifications, route planning, and equipment selection criteria, establishing the foundational
role of design in ensuring pipeline safety. The research analyzes three categories of influencing factors—natural conditions,
human operations, and pipeline integrity—to identify core challenges to stable operation. Optimization strategies are
proposed from four dimensions: scientific pipeline layout planning, upgraded maintenance protocols, enhanced risk
management, and intelligent monitoring technologies. This study provides references for improving the rationality of
pipeline design and operational reliability, thereby supporting efficient and secure natural gas transmission.
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