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Fire Acceleration in Chimneys and Canyons:
What do we now know that could improve situational awareness and LCES?

Issue:  Rapid fire spread in chimneys and canyons has long been known as a safety issue for wildland firefighters.  Although the situation is widely known, there is little information available to train or make decisions on the fireline on just how fast fire can come in these settings and especially exactly how and where it accelerates.  Current operational fire behavior models do not incorporate this type of acceleration nor fire behavior in situations where convective heating is critical—such as in chimneys or canyons.  Experienced firefighters learn and gain “slides” about chimney/canyon fire behavior by seeing it on the fireline—but not everyone has this experience and may be exposed to the situation. Further, it is not clear if even experienced firefighters are fully aware of the speed of acceleration and how it impacts their potential egress times.
What do we know now that we didn’t before?

A new fire behavior model has been developed and tested on several fatality fires in the USA and Portugal that predicts the rate of acceleration in chimneys and canyons.  Tests in the USA on the Rattlesnake, Cramer, South Canyon and 30-Mile have shown the model produces realistic results not always possible with more traditional fire behavior models.  Given a certain canyon configuration and initial windspeed or rate of spread, the model predicts the time of arrival at any point along the canyon and especially how fire accelerates.  In the example of the test of the model on the Cramer fire—what this means is that by the time the fire is ½ way up the slope, you may have ¼ or less of the time available to react—not ½, since rate of spread increases.  Further, laboratory and field experiments, suggest that it may take as little as 15 minutes for fire to build “steam” at the bottom of a chimney and suddenly accelerate.  The model does not include whether an acceleration run will occur or not—that must still be based on experience and observed fire behavior.  From a human factors stand-point, it may be that the potential speed and acceleration of fire does not always “sink in”.  
While the model does not attempt to predict or incorporate specific spread mechanisms, such as spotting or whether the spread is driven by radiant or convective transfer, it seems to work well in chimney or canyons where many different combustion processes may drive fire acceleration.  However, what is clear from other research is that in these settings, convective heat transfer is very important.  This has important implications for firefighter safety—since inhalation of hot air would be a critical safety threat.  It means that taking cover on the lee side of an object, be it a rock, house or other thing, may not provide sufficient blockage from the convective heat—as it would from radiant heat.
How can we apply this to improve situational awareness and safety?  
Ideas on how to apply to improve safety on the fireline have been developed with experienced firefighters and is a work in progress.  But several key ideas have been suggested.  
1. Setting triggers for egress

Chuck Hartley, former superintendent of the Dalton hotshots (?) said having heard about this and thinking about standing above the chimney on the Loop fire, that he would change his trigger setting---if he felt fire behavior and conditions were such that things could blow up (e.g. high ignition potential) then he would not wait to see what fire activity was at the bottom of a chimney—he would go when he saw it there, because time is limited to react compared to the speed of the fire.  The information could also be used to compared estimated hiking time out of canyons or up slopes compared to accelerated runs in chimneys.  Along with the presence and location of safety zones, this information might be used to help decide whether to enter into a canyon or near a chimney or not.  
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2. Incorporating a better understanding of the potential speed of fire acceleration in chimneys/canyons into whether a location is safe to be in—mapping potential hazard.
It is possible to map the location of chimneys and canyons using currently available GIS tools.  This makes it possible to map locations of potential fire safety hazards and make the information more readily available and apparent to firefighters.  As humans, we are small and what we see in the landscape depends on how much we can see of the landscape, “read” landscape patters or whether we have quality topographical maps and are adept at “reading” those.  Usually, quality topographical maps are lacking on the fireline and may not show all of the little drainages that can act as a “chimney”.  Having at least topography maps available and perhaps mapping of potential chimneys and canyons might improve our situational awareness on fires.  Combining the maps with nomograms of potential arrival times for a given distance and chimney/canyon shape and steepness and initial windspeed would provide a comprehensive and rapid picture of the hazard.  Then mitigations can be judged in relation to the level of potential hazard (is an acceleration risk higher or not) and speed of the fire (in your proposed location would you have time to react and be somewhere safe).  This can be used in wildland or wildland urban interface settings.  
3. Training for those without as much experience
This more specific information on 1) that fire accelerates in chimneys and canyons and 2) just how fast it can accelerate can be used to supplement more vague information typically presented in units on entrapment avoidance and fire behavior during S190 and operational refreshers.  This is a useful means for providing inexperienced folks with few or no “slides” with a frame of reference for fire behavior in chimneys and canyons and an enhancement of knowledge for experienced firefighters.  A brief presentation, including a video within a chimney run on Black Mountain II in Montana in 2003, has been tested at several operational refreshers on the Tahoe National Forest.
What is available now and what will be available in the future?

Training Materials
Currently, a general presentation in the form of a slide show is available on the FBAT (Fire Behavior Assessment Team) website http://www.fs.fed.us./adaptivemanagement
/projects/FBAT.shtml (available  by 3/12/2007). A DVD with the Black Mountain II chimney run is available upon request from FBAT (see website).   Effort is underway to coordinate with the Lessons Learned Center and Missoula Technology and Development Center to produce a training video that incorporates key information from the video and the presentation.  

The model is currently available as a simple spreadsheet application with no documentation and is not user friendly.  It is being released as is to Fire Behavior Analysts but needs further development for their efficient use and for others.  Effort is underway to gain support to further the application prototype into a user-friendly spreadsheet version.
Currently, mapping of the potential hazard is based on individual GIS programming.  It could be developed into a tool but resources have not been available to date nor is it clear if this would be a useful operational tool. 

Prepared by: 
Dr. Jo Ann Fites, Fire Behavior Assessment Team, jfites@fs.fed.us
Appendix – Test on the Rattlesnake Fire

The reconstructed progression map of the Rattlesnake Fire (see figure below) and information from firefighters on the Mendocino national forest was used to evaluate the model predictions of arrival time for a given initial windspeed.  
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Comparison of modeled (predicted) and reconstructed arrival times for the Rattlesnake fire.  The top graph shows the simple form of the model and predicted arrival time within 5 minutes of reconstructed arrival time.  The second version, shown in the lower graph, incorporates acceleration up the first slope and then down the canyon when sundowner winds apparently fanned the fire.  Modeled arrival time is within several minutes of reconstructed arrival time. 








