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Abstract

Addressing continuous coupling and energy-intensive operational scenarios in coal chemical plants, this study validates the
theoretical applicability of a dual prevention mechanism combining “preliminary hierarchical control + feedback-based closed-
loop governance.” It proposes an implementation pathway starting with scenario-based risk identification and ending with closed-
loop remediation: Establishing hierarchical standards integrating HAZOP and LEC methodologies coupled with LOPA to form a
dynamic risk database; Driving closed-loop hazard management through IoT monitoring and event correlation analysis; Connecting
early warning systems to work order execution chains via OPC UA integration with semantic models for MES, DCS, and SIS
systems; Developing a three-tiered evaluation framework comprising outcome-process-support metrics and AHP weight assessment.
Engineering case studies demonstrate significant improvements: Accident rates decreased from 0.8 incidents/year to 0.1, hazard
rectification completion rate increased from 85% to 98%, median response time for red-orange risk incidents reduced from 14 hours
to 6 hours, DCS alarm effectiveness rose from 43% to 76%, invalid alarm suppression rate improved from 18% to 41%, SIS interlock
health status enhanced from 0.92 to 0.97, stable operation days for major hazard sources extended from 180 to 320 days, and bypass
compliance rate increased from 88% to 99%. These results validate the mechanism’s capability to incorporate major hazard sources,
highly toxic media, and interlock failures into a hierarchical, verifiable, and traceable governance framework.
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integrated safety management
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