THE MEASURED HEAT RELEASE RATES OF TRANSIENT FUEL ITEMS
FOUND IN NUCLEAR POWER PLANTS

Jason Floyd and Matthew DiDomizio, Jensen Hughes, USA

Kevin McGrattan and Matthew Bundy, National Institute of Standards and Technology, USA
Marko Randelovic and Ashley Lindeman, Electric Power Research Institute, USA

Interflam 2019 — July 2019

S
JENSEN HUGHES

Advancing the Science of Safety

Fire Modeling for PRA"

in a Nutshell PRA Realism

e Transient Fires in PRA

At first fire PRAs were used for NFPA 805, to demonstrate that a
plant met an overall limit on core damage frequency. It was
recognized that conservatisms in the PRAs existed, but they
were tolerated since plants were still able to meet risk targets.

A transient fire is a fire that results from combustible materials
not fixed in place like a motor, transformer, or electrical cabinet.
A transient fire could occur anywhere that there is a surface
where transient materials could be placed.

Hot Gas Layer (HGL)
Model (typically CFAST) to determine damage

In HGL = ?

1]
Cable Trays (Targets) ~

Not in ZOIl or HGL = undamaged N
1]

In ZOl = damaged

Zone of Influence (ZOl)

~ Maximum distance where plume
temperature or radiative flux can
cause damage

In a PRA, transient fires are typically the number two or three
source of fire risk in a nuclear power plant.

"PRA = probabilistic risk assessment

Project Outline

The Realism Issue Ignition and Fuels

Phase 1: Burn fuel packages representative of transient fire events in

The 317 kW 98t percentile heat release rate is based on a set the Fire Events Database (FEDB).

of 27 experiments from the literature at the time NUREG/CR-
6850 was being written. Some of the experiments contain fuel v
items not typically found in risk significant areas of a plant. As a
whole, the set of experiments appear to be more severe than
operational experience (all plants report fire events to a
centralized database maintained by EPRI).

Butane lighter — fast igniting fuels
Nylon wick — 6 cm x 1 cm nylon rope with 5 mL of heptane
Continuous flame — ~100 W propane flame from 0.5 cm tubing

Radiant panel — 15 cm x 25 cm panel at 30+ kW/m? representing a
halogen work light.

290 tests of 99 fuel package were done using a 100 kW calorimeter
at Jensen Hughes in Baltimore, MD USA (EPRI funded tests) and
the 1 and 3 MW calorimeters at the National Institute of Standards
and Technology in Gaithersburg, MD USA (US Nuclear Regulatory
Commission [NRC] funded tests). Fires burned without intervention
until there was no visible flame.

Ignition sources were selected to be representative of the strength
and duration of those in FEDB events.

Test data will be published as a joint EPRI/NRC report (NUREG)

This suggests that not only does the guidance lack realism (not
matching operational experience) but it is also likely resulting in
significant conservatisms in fire PRAs.

For each fuel type there were multiple configurations and repeat tests.
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