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INTRODUCTION

This paper provides asummary of the author’ s work
conducted &s pat of the Internationd Collaborative Fire
Mode Project (ICFMP). The god of the project was to
evduae state-of-the-at fire modes for nudear power
plant applications. Dr. Dey led the ICFMP project from
1999 to 2006 while he was & the U.S. Nudear Regul aory
Commission (USNRC) and a the same time a guest
researcher a the Naiond Institute of Standards and
Technology (NIST). The andyses conducted by the
author to evduae sdect fire modds are presented here,
dong with condusions on ther rdiaoility and
goplicability for nudear plant fi re safety and risk andysis.

INTERNATIONAL BENCHMARK EXERCISES

The ICFMP project consisted of five internationd
benchmak exercises in which nudear safety research
organizations from five countries (Germany, UK, France,
Finland, and USA) exercised state-of-the-art fire modds
devdoped in ther respective countries to standad
problems deveoped by the ICFMP. The ™ and 2™
internationd benchmark exercises induded hypotheticd
exercises for fire scenarios in nucdear plants for which
exparimentd daa did not exist. The 39, 4" and 5"
internationd benchmark exercises consisted of tests
conducted specificdly for the ICFMP. Full-scde
compatment fire experiments were conducted by the
USNRC a NIST for ICFMP Benchmark Exercise No. 3
to simulae a cable room with various types of cables in
different configuraions[1]. Gesdlschaft fur Anlagenund
Reaktorsicherhet (GRS) in Germany conducted tests for
ICFMP Benchmark Exercise No. 4 to simulae intense
fire scenaios in a compatment [2], and ICFMP
Benchmark Exercise No. 5 to simulae pool fires and
cable flame spread [3]. The author exercised CFAST, a
zone fire modd, Fire Dynamics Simuaor (FDS), a
computationd fluid dynamics modd, and FDT s, ¢ suite of
fire corrdations, to evduae the ailities of the fire
model's or corrdations to predict the experimentd results.

RESULTS

The results presented here are based on blind
predictions made by the fire modds or corrdations before
the experiments were conducted. This was an important
aspect of the benchmark exercises in order to determine
the true predictive errors, and thereby thered limitations

and cepabilities of these fire modds. Detals of the
experiments, fire modd cdculaions, and predictive errors
are discussed in References 1, 2, and &

The man god of fire safety and risk andysis in
nucdear plants is to predict damage to cabl es in various
configurations as damage to power, control, or instrument
cables could lead to the loss of reactor core cooling during
accident conditions. Although the predictions of generd
compartment conditions, eg. hot gas temperature, during
a fire were reasonabl e (10-20 % erors) for most fire
scenarios by the CFAST and FDS fire modds, the
prediction of the heat flux to and heat up of cable targets
proved much more difficult. The compartment hot gas
temperature is determined by mass and energy baances
which are robust in the fire modds and thereby result in
ridble predictions. However, the hea flux to the cables
is dependent on how cables are exposed to the firg, i.e to
the fire flane and/or hot gas, and dgorithms for
predicting convective and radiative heat fluxes. The
ability to predict heat flux, especidly when targets are
cose to the fire flame, was found to be particulaly
chdlenging (40 to > 100 % errors) as the dgorithms for
cdculating heat flux and fire flame characteristics involve
phenomena tha are presently not wdl understood.
Although the corrdaions for FDT s are suitable for simple
fire scenaios and parameters, they ae severdy limited
for most fire scenarios in nudear plants. Fire modds can
be rdiably used by first examining the flame
characteristics in the fire scenario, and then making
bounding cdculations besed on whether the cable target
will be primarily exposed tothe flane or only hot gases.
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