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Abstract

To address the characteristics of hazardous chemical accidents, such as strong suddenness, complex
evolution processes, and high demands for on-site emergency decision-making information, tradi-
tional emergency response approaches suffer from issues including low data integration efficiency,
insufficient quantitative analysis of accident consequences, and limited intelligence in auxiliary de-
cision-making. This paper proposes an intelligent emergency response decision-making method for
hazardous chemical accidents that integrates accident consequence prediction models, professional
knowledge retrieval, and on-device large language models. Supported by fundamental hazardous
chemical data, the method constructs a professional knowledge base to enable structured manage-
ment of accident cases, regulatory standards, and on-site disposal documents. By incorporating Re-
trieval-Augmented Generation (RAG) technology, it integrates professional knowledge retrieval re-
sults with Al model inference processes, thereby enhancing the professionalism and traceability of
intelligently generated outputs. Furthermore, for typical accident scenarios including hazardous
chemical leaks, fires, explosions, and toxic gas dispersion, the method integrates consequence pre-
diction models such as leak source term calculation, pool fires, boiling liquid expanding vapor ex-
plosion (BLEVE), unconfined vapor cloud explosion (UVCE), and toxic gas dispersion, enabling quan-
titative analysis of the accident impact range. On this basis, a decision support system for hazardous
chemical accident emergency response is developed, featuring functions such as accident infor-
mation management, risk consequence calculation, firefighting and rescue analysis, and intelligent
response plan generation. The system adopts a collaborative desktop-mobile architecture and sup-
ports fully offline operation, meeting the rapid decision-making needs under network-constrained
conditions at chemical production sites and emergency rescue scenes. The research results demon-
strate that the system enables rapid acquisition of hazardous chemical accident information, auxil-
iary determination of risk zones, and intelligent generation of emergency response plans, providing
technical support for scientific decision-making at accident scenes.
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Figure 1. Overall system architecture
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Table 1. Composition of system data resources
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Figure 2. Flowchart of the calculation module’s operation process
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Table 2. Safety model used in the accident consequences prediction module
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Figure 4. Overall layout of the desktop interface
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Figure S. Enterprise information management module
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Figure 7. Accident consequences prediction module
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Figure 10. Application interface of the hazardous chemicals emergency assistant
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