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In 2007, the U.S. Nuclear Regulatory Commission (NRC) and the Electric Power Research 
Institute (EPRI) published NUREG-1824, which contains the results of a validation study of five 
different fire models commonly used by the commercial nuclear power industry. The study was 
prompted by the NRC’s adoption in 2004 of the National Fire Protection Association standard, 
NFPA 805, Performance-Based Standard for Fire Protection for Light-Water Reactor Electric 
Generating Plants, which requires fire models to be verified and validated. As a result, the NRC 
and EPRI developed a relatively simple framework for reporting verification and validation 
results and applying model uncertainty in day-to-day design analyses. The NRC and EPRI are 
currently revising their fire model validation study to include approximately 860 experiments 
and more than 5000 point-to-point comparisons, which	  will expand the range of applicability and 
underpin the statistical description of the model uncertainty. 
 
One of the quantities of interest in the validation study is the activation time of smoke 
detectors/alarms, which can be predicted using various fire models including empirical 
correlations, zone models, and computational fluid dynamics (CFD) models. Smoke detector 
activation time is often predicted by assuming the smoke detector behaves as a heat detector or 
sprinkler with a low activation temperature (e.g., between 5 °C and 20 °C above ambient 
temperature) and a low response time index (RTI). An alternative approach for predicting smoke 
detector activation time in CFD models uses the smoke concentration and gas velocity near the 
detector and requires input parameters related to the specific detector geometry. 
 
Measured and predicted detector activation times are presented for five models: three different 
empirical correlations, the Consolidated Model of Fire and Smoke Transport (CFAST) zone 
model, and the Fire Dynamics Simulator (FDS) CFD model. Eight tests were used from the 
NIST Smoke Alarms experiments. In those tests, the fuel was either a mattress or an upholstered 
chair that was ignited with a flaming ignition source. These experiments involved seven different 
types of smoke alarms (both ionization and photoelectric), but none of the detector-specific time 
lag parameters were provided in the test report. Therefore, in all of the models, the temperature 
rise method was used to predict detector activation time. 
 
The results indicate that the empirical correlations tend to underpredict activation time by about 
40 % to 90 %, the zone model tends to overpredict by about 10 %, and the CFD model tends to 
underpredict by about 15 %. The model uncertainty is relatively large for all models. The 
temperature and RTI based activation criteria might not be the most appropriate method to model 
smoke detector activation. It does not appear that a constant temperature rise near the detector is 
consistent with the measured activation time. Additionally, it is difficult to assign uncertainty 
values to the activation temperature and RTI parameters because they are not well supported by 
experimental data. These are all important issues for regulators to determine whether smoke 
detector activation predictions are valid and acceptable. Finally, there is a need for additional 
smoke detector validation experiments with well-characterized fire sources and room geometries. 


