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INTRODUCTION

This paper presents the “ lessons learned” from the
verification and vdidation (V&V) exercises of computer
fire modds conducted & pat of the Internaiond
Collaborative Fire Modd Project (ICFMP). An ealier
paper presented the author's work conducted in the
ICFMP [1]. TheV&V process in the ICFMP project was
devel oped with two objectives:

1. To examine the modding of the physics
involved in severd nuclear power plant (NPP) scenarios
by current state-of-the-art fire modds, and to devdop the
cgpabilities and limitations of these modd s for simulating
such scenarios,

2. To detemine the predictive accuracy of the
mode's (modd error) of important parameters for nudear
plant fire safety andysis.

The author led the ICFMP project from 1999 to 2006
while hewas & the U.S. Nudear Regulatory Commission
(USNRC) and a the same time a guest researcher a the
Nationd Institute of Standards and Technology (NIST).
The synthesis of the ICFMP results was conducted as a
project of Deytec, Inc. in 2010 to benefit the scentific
community [2]. The successes and diffi culties faced in
the ICFMP project in the verification and vdidation of
computer fire modes for rdiable use in nudear plant
safety andysis is presented here.

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) atempted to veify and vdidae fire
modd s deveoped in ther respective countries to stendard
problems deveoped by the ICFMP. The 1% international
benchmark exercise induded a hypothetica exercise for
fire scenaios in nudear plants for which experimentd
data did not exist. The 2" 39 4", and 5" intemationa
benchmark exercises consisted of tests simulating NPP
fire scenarios. Full-scde compatment fire experiments
were conducted by the USNRC a NIST for ICFMP
Benchmark Exercise No. 3 to simulate a cable room with
vaious types of cables in different configuraions [3].
Gesdlschaft fur Anlagenund Resktorsicherheit (GRS) in
Gearmany conducted tests for ICFMP Benchmark Exercise
No. 4 to simulate intense fire scenaios in a compatment
[4], and ICFMP Benchmark Exercise No. 5 to simulae
pool fires and cable flame spread [5]. The ICFMP project

consisted of 11 internaionad meetings of project
participants over a decade where the benchmark exercises
were devdoped, and results and “lessons learned”
discussed to formulate project reports. Detals of the
experiments, fire modd cadculaions, and the results of
each internationd benchmak exercise are discussed in
References 3, 4, and E.

RESULTS
Capabilities and Limitations

The V&V process in the ICFMP project was very
beneficid in many respects. The benchmark exercises
dlowed different modds to be andyzed and compared
against eech another and experimentd data for a wide
range of fire scenarios in nudear powe plants. The
compaisons of the trends beween codes and
expeimenta daa dlowed an examinaion of the
modding of the physics of the scenarios. T he capabilities
and limitaions were derived from such comparisons and
andysis. The V&V process in the ICFMP facilitated a
vey vauable exchange of informaion, andyses, and
idess among paticipants regarding the physics of fire
phenomena, and successes and chdlenges in modding
such phenomena

The compatment hot gas temperature and interface
heght are determined by mass and energy badances and
plume flow which are robust in the fire modds and
thereby result in rdicble predictions (10-20 % errors).
The temperaure distribution in the hot gas is dso
adequatdy captured by computationa fluid dynamic
(CFD) computer codes likethe Fire Dynamics Simulator
(FDS). The dgorithms for predicting door heat and mass
flows, end the oxygen and carbon dioxide concentrations
for ventilated fires are simple and rdidble  Cabon
monoxide and smoke concentrations can dso be rdiably
predicted for ventilated fires as long as correct yidds are
induded for the combustion products in the modds. The
agorithms for predi cting convective and/or radiaive heat
flux es to the cables from the flaming region and hot gas is
much more complex. The ability to predict hea flux,
especidly when targets are dose to the fire flame, was
found to be particularly chdlenging (40 % to > 100 %
errors) as the dgorithms for caculating heat flux and fire
flame characteristics involve phenomena tha are
presently not wdl understood. T hese topics continue to be
researched by the fire science community.



Determination of Modd Predictive Errors

In order to determine modd predictive errors that
would be widdy accepted, the ICFMP project was
established by the paties to conduct blind (a priori)
benchmak exercises, i.e paticipants would conduct and
submit results of their respective fire modd cacul aions
based on a speci fication of the exercise prior to the rd ease
of experimentd data and learning of the results from other
paticipants. Greet efforts were expended to deveop the
specification of the benchmark exercises in sufficient
detaill to minimize the variance in the input parameter
vaues used to conduct the blind cdculaions. Thegod of
blind exercises was to provide paticipants a process in
which they could establish the true predictive errors of
their modds in an internationd forum. These results
could then be used by the respective organi zations for
goplication.

The differences between blind and open results have
been studied and documented [6]. Studies have shown
that it is possible to conduct open fire simulations tha
reproduce the generd fire behavior to a satisfactory levd.
This is achieved due to the avalability of experimentd
data of the red behavior for reference, dlowing for
iterations until an adequate input fileis found. Only blind
simulaions are free of the possible bias that could be
introduced by prior knowledge of how the event
devdoped. These studies have conduded that most fire
modd vdidations in fire safety engineering have been
conducted a posteriori (open). The degree and
importance of the bias introduced in open cd culaionsin
fire safsly engineeing is currently under study by
different research groups.

The ICFMP atempted to conduct blind exercises but
faced two categories of issues in the process:

1. Lak of agreement anong paticipants on the
measurements and data needed as input to the fire mode's
beng exercised;

2. Lack of an established formd procedure for the
submission and collection of blind cdculaions from the
partici pants.

The man three input parameters that were issues in
the ICFMP V&V process weae (1) Heat reesse rae
(HRR); (2) Radiative fraction of heat from fire; and (3)
theemd parameters of compatment boundary. These
input parameters dso have the greatest effect on output
paameters of interest in NPP fire safely andysis.
Although atempts were made a messuring and
speci fying these parameters for the benchmark exercises,
there was disagreement among paticipants as to the
correct vaues to be used as input for the fire modds. For
example, Table 1 shows the evolution of the heat rdease
rae specified by the experimentdists for Test 3 of
Benchmak Exercise No. 3 tha resulted from
considerabl e discussion by ICFMP paticipants of the
gopropriate andysis method for the measured data The

heet rdease rates in the T able vary by more than 20 %. In
the end, ICFMP participants utilized the HRR vaues for
the benchmark exercisetha they determined to be correct
and justified based on ther respective andyses of the
daa Thee was dso disagreement on the radiaive
fraction of heat from the fire and the theemd properties of
the compartment boundary. Vdues for these paameters
used by paticipants in the benchmark exercises varied
from 15 % to 45 % for the radi aive fraction, and were
different by up to 50 % for the therma properties of the
compatment boundaries. Extensive discussion of the
data issues is provided in the full ICFMP reports and
Reference 2.

Table 1 Evoluion of Heat Re esse Rate for Benchmark
Exercise No. 3, Test 3

Relesse duly 2, [ July [ Sept. | April | June
Dae 2003 21, 9 4 2005

2003 | 2003 | 2004

HRR - from | 1050 1050 | 1150 1150 | 1150
Fud Flow

HRR - from | 1150 1260 | 1260 | 1260 | 1190
Cdorimetry

 HRR spedified in kW.
Prior to rd ease of experimentad daa

Since there was no agreement on these inputs to the
mode's, paticipants changed ther cd culaions based on
modified vdues of modd input parameters they beieved
to be correct after the experimenta results were rd eased
to paticipants. Blind fire modd predictions had been
submitted to a centrd contact, but the submission and
collection of blind cdculaions was informd due to the
lack of an internationd standard and the collegid naure
of the collaboraive project. In the end, it was up to
participants to dedare which cdculations were open or
blind. T here was aso some confusion on the definition of
a blind exercise used in the ICFMP because other
definitions exist in theliterature.

The modd erors derived for output paameters was
significantly different (up to 55% differences in modd
error) among paticipant cd culaions using the same fire
mode, or using modds with the same degree of
sophisticaion. Therefore, it is conduded that the ICFMP
benchmark exercises were not successful as blind
vaidaion exercises. Howeve, the devdopment of the
V&V process provided experiencein the conduct of such
blind exercises and the issues tha provided a chdlenge
These issues could be addressed and the V&V process
can be improved.

RECOMMENDATIONS
It is recommended tha current fire modds be

improved in their ability to predict heat flux and cable
heet up, especidly when cables are cdloseto the fire flame,




a such gpplications are criticd in NPP fire safety
andysis. Research is recommended on the measurements
that are needed to provide the input vaues to fire modds
as documented in this study and the full ICFMP reports of
the benchmak exercises. It should be noted tha
uncertainty quantification of the input variables does not
solve the issue posed in this paper as the issue is to
prevent the variaion of input paameters for a desired
result, i.e to better match experimentd measurement in a
blind exercise

It is further recommended tha an internaiond
standard be deve oped to:

1. Establish a consensus on the measurement
methods for parameters tha are needed as input to fire
modes;

2. Devdop to the extent possible a consensus on
the va ues, or the methodsto obtain vd ues, for parameters
that are needed as input to fire moddss;

3. Establish & process to ensure tha blind
cdculaions are used to establish modd erors tha ae
used to establish sefety margins in safety andysis;

4. Examine and indude “ third paty vdidaion” as
an option for establishing true modd errors.

Third paty vdidation could address the issue of the
possible bias introduced in fire modd vdidaions by
providing an independent assessment and determinaion
of themodd errors. Third party vdidation could aso be
used to provide vdidaions & newer veasions of a
paticular fire modd are rd eased.

CONCLUSION

TheV&YV process in the ICFMP project resulted in very
vauableinformaion. The capabilities and limitations of
current state-of-the-art fire modds wereidentified as well
as areas in which mode's can be improved. Experience
was gained in the conduct of blind V&V exercises, and
chdlenges in teems of modd input data and process issues
were identified. These issues could be addressed in a
standard tha establishes data and process for the blind
vdidations of fire modds.
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