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OBJECTIVES
• Review and discuss currently available knowledge
• Define the requirements of the Spotting and Breaching 

function(s) 
• Define the applications of the Spotting and Breaching 

function(s)
• Discuss and choose the best (most appropriate) approach
• Define rules based on the chosen approach
• Construct a preliminary flow chart or appropriate product to

visualize the rules for the model.



Wildfire Breaching of Barriers - Mechanisms

• Spotting
– Mass transport 

of embers ahead 
of fire front



Wildfire Breaching of Barriers - Mechanisms

• Thermal Radiation
– Either by pilot (firebrand) 

or spontaneous ignition



Wildfire Breaching of Barriers - Mechanisms

• Direct Flame Contact by fire’s leading edge



Wildfire Breaching of Barriers - Mechanisms

• Fire Whirls



Wildfire Breaching of Barriers - Variables

• Barrier or break width
• Fire Intensity
• Flame size
• Weather factors (i.e. wind velocity, RH)
• Fuel moisture
• Fuel type

– generating AND receiving firebrands
• Topography
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Wildfire Breaching of Barriers - Research

• Dr. Frank A. Albini’s Mathematical 
Models
– Maximum distance of firebrand transport 

from four sources
• Single or group tree torching
• Burning piles of woody debris
• Wind-driven surface fires in open fuel types
• Active crown fires



Wildfire Breaching of Barriers - Research

From Frank AlbiniFrom Frank Albini



Wildfire Breaching of Barriers - Research

The Albini spotting distance models do not include:
1. The likelihood of firebrand material.
2. Availability of optimum firebrand material. 
3. The probability of spot fire ignition.
4. The number of spot fires.

The Albini models are not applicable to fire whirls. 

LIMITED TESTING UNDERTAKEN OF THESE 
MODELS



Wildfire Breaching of Barriers - Research

• Northern Australian Field Study (Wilson 1988)
• Grass fuel type
• Probability of firebreak breaching by grass fires as a 

function of
• fire intensity
• firebreak width
• whether trees are present within 20 m of the 

firebreak
• Basis for a “Grassland Fire Behavior” Pocket Card
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Wildfire Breaching of Barriers - Research
Probability of grass fire breaching a mineralized firebreak 
for trees absent (A) or present (B) within 20 m of the 
upwind side of the firebreak based on Wilson’s (1988) 
model

10% 75%

Trees absent (A) Trees present (B)



Fire Intensity Equation
I      =        H       x W      x R

Rate of Fire 
Spread (m/sec)

Fire 
Intensity 
(kW/m)

Heat of 
Combustion

(18 000 kJ/kg)

Fuel 
Consumed 

(kg/m2)

G. M. Byram



Fire Intensity Equation
I      =        H       x W      x R

Rate of Fire 
Spread (m/sec)

Fire 
Intensity 
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Fuel 
Consumed 
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Fire Intensity Spectrum

10 kW/m – Lower limit of surface fire spread

1000 kW/m – Limit of suppression capability by hand 
crews

10 000 kW/m – Active crown fires have developed

100 000 kW/m – Major conflagrations

Heat of 
Combustion

(18 000 kJ/kg)



Fire intensity is related to size of flames

Simple Formula for Field Use
(For surface fires & 

intermittent crown fires)

I = 300 x (L)2

L = Flame Length (metres)

For crown 
fires, flame 
height 
approximately
2X stand 
height



Q = 60(1 - exp[- I / 3000 D])
Q = Radiation Intensity (kW/m2) I = Fire intensity (kW/m)

D = Distance from Flame Front (m)

Radiation Intensity from Fire Intensity

Fire 
Intensity
(kW/m) 1 5 10 20 30 40 50 60 70 80

500 9.2 2.0 1.0 0.5 0.3 0.2 0.2 0.2 0.1 0.1
1000 17.0 3.9 2.0 1.0 0.7 0.5 0.4 0.3 0.3 0.2
2000 29.2 7.5 3.9 2.0 1.3 1.0 0.8 0.7 0.6 0.5
3000 37.9 10.9 5.7 2.9 2.0 1.5 1.2 1.0 0.9 0.7
4000 44.2 14.0 7.5 3.9 2.6 2.0 1.6 1.3 1.1 1.0

Distance From Flame Front (m)

Radiation Intensity (kW/m)2

• 1.0 kW/m2: firefighters can withstand indefinite 
skin exposure

• 7.0 kW/m2: maximum exposure for a firefighter 
with PPE for 90 sec

• 52.0 kW/m2: fibreboard will spontaneously ignite



Wildfire Breaching of Barriers - Research

Byram’s (1959) Rough Rule of Thumb
(in the absence of severe spotting) 

Minimum Firebreak or Fireguard Width = 
Flame Length X 1.5



Byram’s (1959) Rule 
of Thumb

Minimum Firebreak or 
Fireguard Width = 

Flame Length X 1.5

Probability of grass 
fire breaching a 
mineralized firebreak 
for trees absent 
within 20 m of the 
upwind side of the 
firebreak based on 
Wilson’s (1988) 
model



CONCLUSIONS
• Incorporate Byram’s simple rule 

of thumb immediately
• Include Albini’s spotting model 

in the form of an auxiliary 
calculator allowing the user an 
option of adding new ignition 
points when and where 
appropriate

• Continue with research to derive 
rules based on analysis of 
wildfire case studies and expert 
opinion for determining 
breaching by massive spotting. 
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Modeling Spotting & Breaching in Prometheus Challenges

• Determine rules for:
– Number and size of firebrands given fuel type
– Optimum spotting distance given fuel type, 

weather, and other CFFDRS variables
• e.g.  Albini model determines maximum distance 

only
• Topographical influences

– Receptiveness of fuel bed receiving fire brands 
given fuel type, weather, and other CFFDRS 
variables

• Incorporate existing ignition probability models
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Prometheus Breaching of Barriers - Interface



http://fire.feric.ca/



http://www.fmf.ca/CDFR/CDFR_Qn6.pdf



QUESTIONS


