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Internal fires continue to represent a significant contributor to overall plant risk in nuclear power plants (NPPs),
emphasizing the need for comprehensive fire probabilistic risk assessments (PRA/PSA) to guide both design
optimization and regulatory decision-making. The Fire Risk Investigation in 3D (FRI3D) framework—originally
developed under the Light Water Reactor Sustainability (LWRS) Program—provides an integrated 3D environment
for modeling and evaluating internal fire scenarios. It combines the Fire Dynamics Simulator (FDS) and CFAST with
cable failure assessment tools based on Nuclear Regulatory Commission (NRC) guidance (NUREG-2178, NUREG-
6931) and leverages a validated database of heat release rates (HRR) for a wide range of ignition sources to support
quantitative, scenario-driven fire risk analysis.

This paper presents a case study of a multi-room layout setting in a compartment within a Small Modular Reactor
(SMR), where multiple interconnected rooms and vent openings are modeled to evaluate fire spread, smoke
movement, and thermal interactions between compartments. The methodology integrates both the zone modeling
approach (CFAST) for rapid scenario screening and the computational fluid dynamics (CFD) model (FDS) for
detailed analysis of flow dynamics and heat transfer. Comparative simulations are conducted to assess how vent
configurations, room connectivity, and equipment placement influence temperature stratification, and cable
damage potential.

The results demonstrate how the combined use of CFAST and FDS within the FRI3D environment can support design
optimization and safety-informed layout decisions in SMR facilities, by identifying critical fire propagation

pathways and enhancing the robustness of fire protection strategies.
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