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1.  Introduction to Fire Behaviour 
 
Working in the Wildland Urban Interface 
 

The urban interface is any area where wildfire fuels (trees or grass that burn) are found around 

and/or next to homes and other buildings. Wildfires can move from forest, bush or grassland into 

the community or from the community (structural fire) into the adjacent wildland. 

 

Unlike fires in burning buildings, wildfires are unconfined and often burn rapidly. Understanding 

fire behaviour becomes critical as fuel, weather and topography give signs as to how a fire may 

move and progress. Any change in fire behaviour can result in safety hazards for crews. 

 

Fire Principles and Fire Behaviour 
 

Fire Triangle 

 
 

The Fire Triangle illustrates the three components a fire needs to burn: Heat + Oxygen + Fuel. 

 

All fires are the result of a chemical process that occurs when fuel, heat, and oxygen interact. 

Ignition will not occur and fire will not continue to burn without all three of these components 

present.  

 

Breaking the Fire Triangle 

 

To control or extinguish a fire it is necessary to remove one or more “sides” of the fire triangle. 

This is called “breaking the fire triangle.” Some methods of breaking the fire triangle include: 

 Reducing heat by cooling the fire with water. 

 Cutting off the oxygen supply by covering the fire with mineral soil. 

Removing fuel by constructing a bulldozer line and burning out. 
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Limitations 

 

Each method of removing a side of the fire triangle has limitations. Removing heat by using 

water might not be possible due to the fire’s intensity and evaporation or not enough water 

available for application. Mineral soil might not completely cut off the oxygen supply. Fire can 

often jump a control line if it is not wide enough. 

 

Fire Behaviour 
 

Fire behaviour is the manner in which fuel ignites, flame develops, and fire spreads and exhibits 

other related phenomena as determined by the interaction of fuels, weather, and topography. 

 

Factors Affecting Fire Behaviour 

 

Not to be confused with the Fire Triangle, the Fire Behaviour Triangle illustrates the three 

factors that affect fire behaviour in a wildland fire. 

 

The Fire Behaviour Triangle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weather 
 
Weather factors that affect fire behaviour: 

 Temperature 

 Relative Humidity (RH) 

 Wind 

 Precipitation 

 

Understanding and monitoring weather conditions is critical to safe and efficient firefighting. 

Firefighters must monitor weather conditions and be able to predict changes in the weather. 

 

Weather features exert the biggest influence on grassfire behaviour by controlling fuel moisture and 

Topography Weather 

Fuel 
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providing wind as a spread mechanism.  

 

Temperature 
 
Temperature is considered to be the degree of hotness or coldness of a substance.  
It affects the rate of evaporation of fuel moisture. As the temperature rises, more moisture 
evaporates and fuels become dryer.  
 
Temperature is affected by: 

 the time of year 

 the time of day 
 

Relative Humidity (RH) 
 

Relative humidity is a measure of the amount 

of moisture in the air. It compares the actual 

amount of water vapour to the maximum 

amount the air could hold at a given 

temperature expressed as a percent.  

 

When relative humidity is high, forest fuels 

absorb moisture from the air; when relative 

humidity is low, forest fuels release moisture 

to the air.  

 Low humidity and high temperatures 

usually mean increased fire 

behaviour. 

 Generally, relative humidity is 

highest during the later part of the 

night and early morning.  

 Relative humidity is usually lowest 

during the late afternoon when 

temperature is at its highest. During this time fuel moisture content is the lowest and fuels are 

their most flammable. 

 This normal cycling of the temperature and relative humidity leads to the concept of the 

burning period.  

 

Peak burning period usually occurs during the late afternoon when temperature is at its highest and 

relative humidity at its lowest. During this time fuel moisture content is at the lowest level and fuels 

are their most flammable. 

 

Relative humidity affects the moisture content of grass fuels which influences fire behaviour: 

 Fire behaviour is normally low when the RH is greater than 65% 

 Fire behaviour increases noticeably when the RH is less than 40% 

 Fire behaviour may becomes extreme when the RH is 25% or lower 
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Crossover is the point at which the relative humidity is less than, or equal to, the ambient air 
temperature. This may be used to anticipate an increase in fire behaviour which can create 
challenges to a suppression action and/or strategy. 

 

Inversions 

 In an inverted weather pattern, cold air lies on the valley floor and  

warm air on top. 

 A fire typically burns with lower intensity in the colder air on the valley floor. 

 If a fire breaks through the inversion barrier to the upper level, then it becomes exposed 

to warmer air and prevailing winds. The fire intensity and behaviour rapidly increase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Wind 
 
Wind directly affects fire behaviour in the following ways: 

 Helps speed up the drying of fuels. 

 Direction and speed affect the spread rates, spread direction, and shape of fires. 

 Can contribute to the amount and distance of spotting. 

 Can increase the rate oxygen is supplied to the fire. 

 

Wind has the greatest impact on fire spread direction, rate of spread, and size and shape of the 

fire. The greatest spread is in the direction the wind is blowing — if the wind is from the west, 

the fire spreads to the east. As wind speed increases, a fire’s rate of spread increases. 

 

Wind speed also determines the shape of grassfires. A fire burning with no wind will have a 

circular perimeter — the stronger the wind, the narrower and more elongated the fire will be. 
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Influences on Wind 

 

Cold Fronts 

 A cold front passing over or near a fire can cause the winds to abruptly shift direction 

and increase in speed. 

 

 
 

Cumulonimbus Cloud 

 Passing over or near a fire can cause 

erratic shifts in wind direction and 

wind speed. Gusts can exceed 80 

km/h. 

 Also referred to as CBs or 

thunderheads. 

 

 

 

 

 

Precipitation 
 

“Any or all forms of water, whether liquid (e.g., rain or drizzle) or solid (e.g., snow or hail), that 

fall from the atmosphere and reach the ground.” (CGFFMT) 

 Precipitation’s main effect is on the fuel moisture content. 

 Precipitation falling over a longer period of time allows the moisture to soak into the 

fuels. 

 Short and heavy downpours cause the precipitation to run off the fuels, not allowing time 

for much to be absorbed. 

 Light rain will affect the moisture content of fine fuels; this will have a short-term effect 

on fire behaviour. 

 Continued heavy rain will have an effect on moisture levels in medium fuels. Increased 

moisture content in the medium and heavy fuels will significantly reduce fire intensity. 

 Precipitation can also extinguish actively burning fuel. 
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Thunderstorms 

 

Thunderstorms can be dangerous to firefighters due to downdrafts. Downdrafts bring more 

oxygen to the fire and produce gusty, erratic winds. This can increase fire behaviour causing 

flare-ups and changing the direction of fire spread. should move to a safety zone during a 

thunderstorm. 

 

Fuel 
 
“A material used to produce heat or power by burning.” (Webster’s) 
 
In a wildfire, this includes almost any kind of woody or organic material.  
 

1. Fuel Moisture Content 
 

This is the single most important factor in determining the burn potential of the fuel because it  

affects fuel ignitability, rate of combustion, and amount of fuel consumed. 

 

As the fuel moisture content decreases, fire behaviour potential increases. 

 

Curing refers to the annual drying of native grasslands and crops as the plant dies or becomes dormant 

in the late season. The degree of curing is the proportion of cured and/or dead plant material in a 

grassland fuel complex expressed as percentage. The degree of curing has a major effect on fire spread. 

 Fires have a minimal spread when grasslands are less than 50% cured. When curing is between 

75-100%, significant fire spread can occur. 

 Dead grass from previous years contributes to the percent cured, and even growing grass may 

be considered more than 50% cured in un-grazed or infrequently burned grasslands with many 

years’ grass litter. 
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Use extreme caution suppressing fire in fully cured grasslands — they can be hazardous. 
 

2. Fuel Condition 

 
Fuel condition refers to the physical state of the fuel. Fuel condition greatly affects a fuel’s 
ability to hold moisture. 
 
There are two physical states of fuel: 
 

Live or Green Fuels 

 Always contain some moisture. 

 Contain variable amounts of moisture depending on the time of year. 

 Have a moisture content that is controlled by the plant. 

 

Dead Fuels 
Dead fuel is the primary driver of all wildfires and therefore has the greatest impact on fire 
behaviour. 

 The moisture content of dead fuels is only affected by weather, primarily precipitation 

and relative humidity. 

 Fine dead fuels readily soak up even small amounts of precipitation. These fuels are also 

affected by moisture in the air (measured as relative humidity). Fine fuels also dry out 

more quickly. 

 On medium and large fuels, precipitation received over a longer duration has more of an 

impact on increasing the fuel moisture. 

  
<50 % Cured   

  
50 - 60 % Cured   

    70-80% Cured 90-100% Cured 
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3. Fuel Size Classification 
 

Fuels of different sizes have different drying and/or wetting rates. Fuel size affects the rate of 

combustion of the fuel. Fuel sizes are grouped into three categories: 

 

Fine Fuels 

 Consist of cured grass, leaves, needles, moss 

and small twigs that are less than 0.6 cm in 

diameter. 

 Ignite easiest and are quickly consumed. 

 Respond quickest to changes in humidity 

and wind speed. 

 

Medium Fuels 

 Consist of dead fuels that are 1.0 cm to 7.0 

cm in diameter. 

 Dry slower than fine fuels. 

 Require more energy to ignite, but burn 

longer when ignited. 

 Required to heat heavy fuels. 

 

Heavy Fuels 

 Consist of large woody materials that are 

greater than 7.0 cm in diameter. 

 Are difficult to ignite and burn slowly. 

 Takes a longer time to change the moisture 

content. 

 Good indicator of drought conditions. 

 
 

Quantity 

 

Total fuel is the quantity/amount of fuel in a particular fuel type. It is sometimes referred to as 

the “fuel load.” 

 

Fuel load is defined as the dry weight of combustible materials per unit area. It is usually 

measured in kilograms per square metre (kg/m2) or tonnes per hectare (t/ha). 
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   Large quantity of fuel = heavy fuel load       Small quantity of fuel = light fuel load 

 

4. Arrangement 

 

The horizontal and vertical distribution of all combustible materials within a particular fuel type. 

Fuel compactness and continuity have a significant impact on: 

 transfer of heat 

 rate of combustion 

 rate of fire spread 

 fire intensity 

 

Fuel compactness (standing or matted) affects fire behaviour. Standing grass supports higher 

spread rates than matted grass because heat transfer and air movement is not hindered. 

 

              
Open     Compact 
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Continuity 

 

Continuity is the distribution of fuel over the landscape. It is technically an aspect of 

arrangement but over a large area. 

 

It is the consistency or lack of consistency of fuel in the fire’s probable path. 

 

Roads, trails, summer fallow, and grazed pastures break up fuel continuity and may limit the 

spread of grassfires. The effectiveness of roads as firebreaks depends on the width of the road 

and the fire intensity. Narrow trails are easily breached by grassfires. The presence of brush 

along the roadside greatly increases the probability of breaching due to firebrands. 

 

Fuel Layers 
 

Fuels are located in one of three layers: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Aerial (Crown) 

Fuels 

 

    

 

Surface Fuels 

   

 

  

Ground 
Fuels
 
  

  

Matted Grass (O -1a) FBP Fuel Type              Standing Grass (O  -1b) FBP Fuel Type   

Moss 

Low Vegetation 

Leaf and needle litter,  

grass, small shrubs, and 

downed woody debris. 

Duff 

Cones 

 Roots 

 Branches 
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General Fuel Types 
 
Forest fuel types or complexes can be placed into four broad categories: grass, slash, deciduous 
trees, and coniferous trees. 

1.  Grass 

 Must be a component of dead grass 

for combustion. 

 A fine fuel. 

 A flash fuel. 

 Moisture content of dead grass is 

extremely receptive to changes in 

the moisture regime of its 

surroundings. 

 

 

 

2.  Slash 

 Woody debris left over from a 

logging operation or land clearing. 

 Does not include piled and/or 

windrowed woody debris. 

 Dead fuel. 

 Can include all size classifications. 

 Restricted to a surface fire only 

(few standing trees in slash). 

 Mobility of resources may be 

restricted or non-existent. 

 Exposed to direct sunlight. 

 Moisture content of fine fuels in 

slash is extremely receptive to 

changes in the moisture regime of 

its surroundings. 
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3.  Deciduous Trees 

 Also referred to as broad-leaved 

trees or hardwoods. 

 Lose/shed their leaves annually (in 

the fall in Canada). 

 Leaves have high moisture content. 

 Very few dead branches or leaves 

on tree. 

 Usually high base crown height. 

 Controls its moisture content and 

keeps it fairly constant. 

 Do not like to burn. 
 

 

4.  Coniferous Trees 

 Commonly referred to as cone-

bearing or softwoods. 

 These trees are evergreen with the 

exception of larch/tamarack. 

 Pitch in the live foliage makes it 

more flammable in spite of the 

higher moisture content. 

 Retains a large amount of dead 

needles and branches. 

 Can have a low base crown height 

depending on specific tree species. 

 Amount of fine fuels, dead fuels, 

pitch and structure make this tree 

more likely to burn than a 

deciduous tree. 

 

 

Topography 
 

Topography refers to the physical features of the 

earth’s surface. The layout of these physical features 

(hills, valleys, and lakes) forms a topographic pattern. 

This pattern can influence fire shape by limiting or 

encouraging fire spread. There are four topics to be 

discussed with regards to topography: 

 

1. Slope 

2. Aspect 

3. Elevation 

4. Shape of the Country 
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Weather changes very quickly and has a direct effect on fire behaviour. While topography itself 

is generally static or unchanging, variations in topography can affect local weather, fuel types, 

and fire behaviour. 

 

1. Slope 

 
Slope is the upward or downward slant of the earth’s 
surface. 
 
On a slope fuel is heated, dries quicker, and ignites 
more readily than on level ground. In the absence of 
wind, fire will spread upslope. The steeper the slope, 
the faster the fire will spread. 
 

On slight slopes (up to 5%), rate of spread is not 

increased. On moderate slopes of 30%, rate of spread 

is doubled. On steep slopes greater than 55%, rate of 

spread is quadrupled. 
 
This is due to several factors: 

 Flames are tilted closer to unburned fuels ahead of the fire increasing the radiant heating 

effect. 

 Hot air from the fire rises up the slope, increasing the convective upslope heating. 

 

2. Aspect 
 
The aspect of a slope refers to the  
direction that a slope faces. 
 
The aspect of the slope also influences: 

 The amount of solar radiation the fuels 

receive. 

 The type of vegetation on the slope. 

 Temperature, relative humidity, and winds. 

 Fuel moisture content. 
 
Hillsides receive more direct sunlight than level 
ground. South-facing slopes receive more direct 
sunlight than north-facing slopes. East slopes receive 
the cooler morning sunlight while west slopes have the sunlight during the heat of the afternoon. 
 

 3. Elevation 

 

 Temperatures generally decrease with elevation. 

 Relative humidity usually increases with elevation. 

 Winds generally increase with elevation. 

South 

  

North 
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 Changes in wind speed and direction between the valley bottom and the ridge top can be 

dramatic. 

 Generally, as the elevation increases, vegetation decreases. 

 Predominantly fine fuels at high elevations. 

 Valley bottoms will typically have greater daily change in temperature and relative 

humidity. 

 

4. Shape of the Country 

The general lay of the land will affect fire behaviour. Barriers can impede fire spread, while 

terrain can alter wind direction and speed, causing fire behaviour to change. 

 

Wind flows much like water in a stream and follows the path of least resistance. 

 

Ridges, mountains, ravines, draws, saddles, narrow valleys, wide valleys, and barriers can have 

an impact on how a fire will behave. 
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Parts of a Fire 

 
The anatomical parts of a forest fire are: 

 Bay/Pocket: A marked indentation(s) in the fire perimeter, usually located between two 

fingers. 

 Finger: An elongated burned area(s) projecting from the main body of the fire resulting in 

an irregular fire perimeter. 

 Flanks/Sides: These portions of the fire perimeter that are between the head and the back 

of the fire which are roughly parallel to the main direction of spread. 

 Head/Front: That portion of the fire perimeter having the greatest rate of spread and 

frontal fire intensity which is generally on the downwind and/or upslope part of the fire.  

 Back/Base/Heel/Rear: The portion of the fire perimeter opposite the head; the slowest 

spreading part of the fire. 

 Island(s): An area(s) of unburned fuels located within the fire perimeter. 

 

Types of Fires  
 

There are three types of forest fires: 

 

1. Ground fire 

 A fire that burns in the ground fuel layer. 

 Is usually described as smouldering. 

 

2. Surface fire 

 A fire burning in the surface fuel layer excluding the aerial (crown) layer. 

 Is usually described as smouldering, creeping, or running. 

 

3. Crown fire 

 A fire that advances through the crown fuels usually in conjunction with a surface fire. 
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Fire Behaviour Terms 
 

Fire behaviour is described by the following terms: 

 

1. Smouldering: A fire burning without visible flame with no visual signs of spreading.  

2. Creeping: A fire spreading slowly through the surface fuels, generally with a low flame 

front. 

3. Running: A fire rapidly spreading with a well-defined front or head. 

4. Torching/Candling: A single tree or a small clump of trees igniting and flaring up from the 

base to the top. 

5. Spotting: Firebrands from the main fire are carried aloft by the surface wind, a fire whirl, or 

the convection column and fall beyond the main fire perimeter causing spot fires to occur. 

6. Crowning: A fire ascending into the crown of trees and spreading from crown to crown. 

 

Heat Transfer 

 

As fuel burns, heat is transferred from burning fuels to unburned fuels, preheated to their ignition 

temperature. The combustion process is repeated, causing the fire to spread if oxygen and fuel 

are still available. 

 

Heat is transferred from burning fuels to unburned fuels three different ways: 

 

1. Convection: The transfer of heat by the movement of masses of hot air. 

 

  
 The transfer of heat through convection in a forest fire. 
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2. Conduction: The transfer of heat through physical contact. 

 

 
 The transfer of heat through conduction in a forest fire. 

 

3. Radiation: The transfer of heat in straight lines from warm surfaces to cooler surroundings. 

 

 
 The transfer of heat through radiation in a forest fire. 

In a forest fire, all three methods of heat transfer can take place at the same time. 

z 
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The Canadian Forest Fire Weather Index (CFFWI) System 
 

The components of the Fire Weather Index (FWI) System provide numerical ratings of relative 

fire potential at 1700 hours LDT in a standard fuel type on level terrain based solely on 

consecutive observations of the four fire weather elements measured daily at 1300 hours LDT at 

a suitable weather station. 

 

Four Weather Elements: 

1. Temperature (oC) 

2. Relative humidity (%) 

3. Wind speed (km/h) 

4. 24-hour precipitation (mm) 

 

The FWI System consists of six components. 

 

The first three are moisture codes that follow changes in the moisture content of three classes of 

forest fuel. 

1. Fine Fuel Moisture Code - litter and other cured fine fuels 

2. Duff Moisture Code - loosely compacted organic layers of moderate depth 

3. Drought Code - deep compact organic layers 

 

Higher values represent lower moisture content and hence greater flammability. The other three 

components are fire behaviour indexes. 

1. Initial Spread Index - rate of spread 

2. Buildup Index - amount of available fuel for combustion 

3. Fire Weather Index - fire intensity 

 

Their values increase as fire weather severity worsens.  

 

Head Fire Intensity (HFI) 

 

Head Fire Intensity (HFI) is the rate of heat energy released per unit time per unit length of fire front. 

HFI is a major determinant of certain fire effects and difficulty of control. 

 

HFI of a surface fire can be approximated from the flame length. In crown fires, this relationship does 

not apply. 

 HFI 1 Flame length <0.2 metres; <10 kW/m 

 HFI 2 Flame length = 0.2 - 1.5 metres; 10 - 500 kW/m 

 HFI 3 Flame length = 1.5 - 2.5 metres; 500 - 2000 kW/m 

 HFI 4 Flame length = 2.5 - 3.5 metres; 2000 - 4000 kW/m 

 HFI 5 Flame length = 3.5 - 5.5 metres; 4000 - 10 000 kW/m 

 HFI 6  Flame length >5.5 metres; >10 000 kW/m 
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HFI is used in Standard Operating Procedures. When fire behaviour indicates a Head Fire 

Intensity (HFI) of Class 4, 5, or 6 (greater than 2000 kW/m), wildfire resources must work from 

an anchor point. 

 

HFI is used in daily safety briefings as an indicator to what type of fire behaviour firefighters can 

expect under the forecast weather conditions in different fuel types. 

 

 
 

Grassfire Behaviour Guide 

 
New Zealand fire behaviour specialists developed a field guide for the prediction of 

grassland fire behaviour in periods of extreme fire danger. Key elements of both the FWI 

and Fire Behaviour Prediction systems as they apply to grassland fire environments were 

combined to produce the simple field guide. The guide is useful for judging the potential 

fire behaviour in grasslands under severe burning conditions.  The guide assumes the 

following:  

 100% cured standing grass (O-1b)  

 Average fuel load of 3.5 tonnes/ha  

 Level or undulating terrain  

 Fire at equilibrium  

 Grass moisture content 7.5%  

  

These assumptions may result in the both the over-prediction and under-prediction of 

grassfire behaviour.  Nonetheless, the card is an excellent aid for rapid assessment of fire 

potential.    

  

The only input required for grassfire behaviour prediction is an estimation of wind using the 

Beaufort Wind Force scale.  
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2.  Safety 
 
There is a potential risk of getting seriously injured or killed firefighting. Alberta firefighters 
should be aware of potential hazards by: 
 

1. Recognizing dangerous wildfire situations. 

2. Using safe work procedures, following operating guidelines and adapting to the situation on 

the fireline. 

 

Common Denominators in Fireline Fatalities 
 

In Fatal and Near-Fatal Forest Fires: The Common Denominators, 1974 

Carl C. Wilson identified four common denominators related to fatality fires: 

 

1. On relatively small fires or deceptively quiet sectors of large fires. 

2. In relatively light fuels, such as grass, herbs, and light brush. 

3. When there is an unexpected shift in wind direction or in wind speed.  

4. When fire responds to topographic conditions (i.e. chimneys, gullies or steep slopes) and 

runs uphill.  

 

Extreme fire behaviour that is obvious to everyone does not usually cause safety problems. It is 

the sudden changes in fire behaviour that catches firefighters off guard and leads to 

complications. 

 

Situational Awareness 
 
Situational awareness is knowing what is going on around you at all times. When we lose 
situational awareness we increase the potential for incidents. The loss of situational awareness 
usually occurs over a period of time and will leave a trail of clues.  
 

 Fixation on getting the job done. No one is watching for hazards. 

 Failure to meet planned targets. 

 Information is confusing or unclear - discrepancies are not resolved. 

 Gut feeling that things are not right. 
 
The following barriers reduce our ability to understand the situation. It is important to recognize 
these barriers and take corrective action.  
 

 Poor communications. 

 Overload: prioritize tasks and minimize distractions can improve safety. 

 Complacency: challenge yourself to be prepared for contingencies can deter complacency. 

 Fatigue: adjust your work routine  
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Situational awareness is dynamic, hard to maintain and easy to lose. The following actions can 
help a crew maintain situational awareness: 
 

 Ensure that all expectations are shared for complete awareness by the whole crew. 

 Be proactive, provide information in advance. 

 Identify problems in a timely manner. 

 Continually assess and re-assess the situation.  

 Recognize and make others aware when the crew strays from standard procedures. 

 

10 Standard Fire Orders 
 

A fire order is considered to be a law that must be followed by firefighters.  

 

1. Know what your fire is doing at all times. 

2. Keep informed on fire weather conditions and ex obtain forecasts. 

3. Base all actions on current and expected fire behaviour. 

4. Give clear instructions and be sure they are understood. 

5. Post lookouts in potentially hazardous situations. 

6. Establish safety zones and escape routes for everyone and make sure they are known. 

7. Be alert, keep calm, think clearly and act decisively. 

8. Maintain control at all times. 

9. Remain in communication with your crewmembers, supervisors and adjoining forces. 

10. Fight fire aggressively, but provide for safety first. 

 

17 Watch Out Situations  
 

A watch out situation signals that the conditions in which the crew is working might be 

dangerous or become unsafe quickly. Caution is strongly advised when working in contradiction 

to a watch out situation. When any one of these situations is present on the fireline, steps should 

be taken to eliminate or reduce the hazard.  

 

1. You are in country you have not seen in daylight. 

2. You are constructing a line without a safe anchor point. 

3. You are attempting a frontal assault on a fire. 

4. There is unburned fuel between you and the fire. 

5. You are building a fireline downhill with fire below. 

6. You are on a hillside where rolling material can ignite fuel below. 
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7. The weather is getting hotter and drier. 

8. The wind increases and/or changes direction. 

9. You are getting frequent spot fires across the line. 

10. The terrain and fuels make escape to safety zones difficult. 

11. You feel like taking a nap near the fireline. 

12. You are unfamiliar with local factors influencing fire behaviour. 

13. You are working in an area where numerous snags and hazard trees are present. 

14. The management of the fire is transitioning. 

15. You are driving when fatigued and/or in conditions where darkness, dust and/or smoke 

make visibility difficult. 

16. The fire is in an urban interface. 

17. You have significantly exceeded the 2:1 work/rest ratio, or you have been operating at the 

2:1 ratio for an extended period. 

 

LACES 
 

Alberta Wildfire Management Branch uses LACES as its primary safe work procedure. It is a 

simple guide that captures the key elements required to work safely on the fireline. LACES stands 

for: 

 

L - Lookouts 

 When a fire hazard becomes a danger, lookouts warn the crew and notify the leader. 

 Lookouts must be trained firefighters capable of assessing fire hazards. 

 Lookouts should be positioned so they can see the hazard and the crew. 

 Lookouts should be used whenever any of the “watch out” situations are encountered. 

 

A - Anchor Points 

 An advantageous location and barrier to fire spread from 

which to start or finish fireline construction. 

 Anchoring reduces the possibility of being outflanked by 

the fire while the fireline is constructed. 

 Anchor points can be burned areas, roads, water sources, 

large areas of sparse or flame resistant fuels. 

 In Alberta’s policy manual it states that firefighters must 

work from an anchor point at Head Fire Intensity (HFI) of 

Class Four or greater. 
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C - Communications 

 Firefighters must be in constant communication with the other members of their crew 

either visually, verbally or by radio. Working alone or out of radio range or earshot is  

not allowed. 

 Give prompt, clear instructions and make sure they are understood. Ask questions if you 

are unsure about something. 

 Every firefighter is responsible for alerting other firefighters to any fireline hazard. 

 

E - Escape Routes  

 Escape routes are paths that provide access to safety zones.  

 Escape routes usually lead away from the fire, downhill, or in the opposite direction of  

a fire’s spread. The most common escape route is the fireline. 

 Escape routes must be cleared, marked for day and night, and known to all working in 

your area. 

 Always have more than one escape route as a single escape route may be cut off. 

 Escape routes and safety zones should be reassessed as the crew progresses along the 

fireline. As the crew works along the fire’s edge, fatigue and distance increase the time 

required to reach your safety zone. 

 

S - Safety Zones 

 A safe area that provides protection from the fire.  

 Safety zones must be assessed to make sure that they are large enough and close enough 

to active fire crews.  

 Safety zones can be burned areas, water sources, large rocky areas, large areas of sparse 

or flame resistant fuels. 

 An effective safety zone on a flat surface should be at least four times the flame length. 

Safety zone requirements will change as fire behaviour changes. 

 
Wildfire Assessment 
 

Fire assessment is the ongoing process of sizing up a wildfire by analyzing all available information; 

weather, fire behaviour, values at risk and suppression resources, to determine the best plan of attack with 

safety as the priority. 

 

Accurate and timely wildfire assessments must be made constantly to ensure safe, effective, and efficient 

wildfire operations. The goal of conducting assessments is to allow responders to properly set priorities, 

define objectives, and allocate resources. 

 

Continual fire assessment must be done on every fire, no matter the size or status of the fire. Proper fire 

assessment is the first step in ensuring safe, effective and efficient fire operations are undertaken.  
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INITIAL ASSESSMENT — CRITICAL FACTORS 

 
Initial size-up must provide enough information to report the situation and determine what additional 

resources are needed. 

 Look for the type of burning and head of the fire (flashy, fine fuel or heavy, slow fuel?) 

 Is the grass cured and is it matted or standing? 

 Look at topography, natural or man-made barriers, steep slopes, ravines/gullies. 

 Look at the smoke colour — white (low intensity), grey (medium intensity) or black (high 

intensity) and column (straight up or leaning). 

 Consider current and forecasted weather — wind, temperature, humidity, and time of day. 

 Consider danger points, most vital points of attack and whether personnel can work safely. 

 

If fuels, weather and topography are causing the fire to spread more rapidly than the resources can control, 

request more resources for assistance. 

 

Safe Work Practices 
 Do not breathe in smoke from structural fires. Always stay upwind. Never go in or near 

burning structures.  

 Follow high voltage safety rules. 

 Gas tanks have a pressure relief valve that releases gas. Since it is impossible to know 

when and where this is going to happen, stay well away from tanks that are heated by 

fire. 

 When driving on roads where smoke and the public are found: 

 Drive slowly with both headlights and hazard lights on. 

 If the truck has to be stopped at the side of the road so that the crew may work, 

put up signs to alert the public. 

 Park the truck facing the direction of escape so that no time is wasted turning 

around if a hasty get-away is necessary. 

 In a wildfire situation the general public can panic and behave irrationally so be 

ready for anything. 

 

Vehicle Accidents 
 Wear seat belts and make sure the crew is doing the same. 

 Drive the speed limit when on the highway. 

 When driving on bush roads, assess the conditions (e.g., washboard, dust, smoke, 

wildlife, other traffic) and adjust speed accordingly. Never drive over 80 km/    h. 

 Never drive when fatigued. 

 Report any driver who does not follow the rules.  

 
Wildfire Entrapment  
 

Fire entrapment occurs when firefighters are surrounded by wildfire and are unable to access 

established safety zones via pre-determined escape routes. Fire fighter must use extra caution 
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whenever they work on fires in flashy fuel types (grass), above fires, or when spot fires could be 

started below their location. Gullies, draws or other steep-sided terrain increase the fire 

entrapment hazard. In the event of accelerated fire activity, firefighters may be trapped and 

unable to outrun the fire in steep terrain. 

 

The best defence against entrapment is to avoid getting into a dangerous situation in the first 

place. Firefighters must exercise conservative judgment when deciding to move back to frontals. 

Timely retreat avoids confusion and panic, and the potential for tragic errors as a result of last 

minute evacuations. 

 

In very rare instances there might be no chance to escape an approaching fire. If entrapment is 

imminent, follow these fundamental principles and procedures.  

 

1. Do not panic. 

2. Cover any exposed skin and protect yourself from heat by hiding behind something  

like a large rock. 

3. Lie face down as there should be cooler, denser air at ground level. 

4. Protect your airway from heat and try to minimize smoke exposure. 

 

SURVIVAL OPTION 1: TAKE REFUGE IN A VEHICLE 

 

If taking refuge in a vehicle: 

 Do not drive through heavy smoke because of the increased likelihood of crashing or 

running off the road. 

 Turn on the headlights and park where roadside vegetation is sparse and as far away as 

possible from the fire. 

 Roll up windows and lie face down on the floor with floor mats or extra clothing over 

your body. 

 

In grass fires, flames last for 30 seconds or less and chances of survival are very good. In high-

intensity forest fires, flames last for three or four minutes. Chances of survival are lower.  

 

Even in the worst circumstances it takes several minutes before vehicles catch fire. Leave the vehicle 

if it catches fire. 

 

SURVIVAL OPTION 2: PASS THROUGH THE FIRE’S EDGE 

 

In some cases, stepping into the “black” or previously burned area may be the best place to find safe 

refuge though it may be uncomfortable to reach due to heat and smoke. Studies have shown that the 

body can tolerate running through flames for a short period of time. 

 

If passing through the fire’s edge: 

 Move toward one of the flanks of the fire where there is less fire activity. 

 Look for an area that has fewer obstacles to trip over.  

 If necessary, drop your tools and equipment (except the radio). 
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 Move through the flame front as quickly as possible. 

 

  
SURVIVAL OPTION 3: BURNOUT A SAFETY AREA 

 

It may be possible to burnout a safety area ahead of the approaching flame front in light, flashy 

fuels like grass. 

 

If burning out a safety area:  

 If there is enough time, set fire to unburned fuel ahead of the wildfire to create “black” 

that may provide a safety area.   

 Requires enough time to burn an area big enough for safety and for the burned area to 

cool down.  

 

This is a risky move as even the best planned burnouts conducted by experienced firefighting staff 

fail to burn as planned. 
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3.  Fire Suppression 
 
Stages of Fire Suppression 

 
Fighting a wildfire can be broken down into a number of steps from a firefighter’s perspective. 
The different steps are:  
 
1. Initial Fire Containment 

2. Patrol and Observation 

3. Fireline Holding 

4. Mop-up 

5. Demobilization 

 
Initial Containment  
 
Firefighter safety is the number one priority and must not be compromised in an effort to 
quickly start suppression action. 
 
The goal of the fire crew upon arriving at a wildfire is to contain fire spread on the fire (or their 
section of fireline) in the shortest time possible. If the suppression action is successful, fire 
spread is contained prior to the next burning period. To achieve this, the fire crew initially works 
on the perimeter of the fire to halt further fire spread.  
 
The supervisor decides where to start the point of attack and will establish an anchor point to 
ensure the safety of the operation. This is the initial containment of the fire. If too much time is 
spent trying to completely extinguish the fire rather than working only on the perimeter, the rate 
of fire spread may exceed rate of fireline construction and the fire could escape control. If too 
little time is spent ensuring the perimeter of the fire is secure, the fire can escape across the 
constructed control line prior to the crew returning to that area.  
 
Fireline Patrol and Observation  
 
The function of patrolling a fireline starts with the initial action on the fire until the fire is 
declared out. A fireline is patrolled to assess for increased fire behaviour that could lead to the 
fire escaping control and to look for other hazardous situations. Effective fireline patrol 
ensures hazardous situations are identified and dealt with in an effective timely manner. Failure 
to properly patrol a fireline can lead to the fire escaping control efforts and jeopardizing the 
safety of crewmembers.  
 
Fireline Holding  
 
After fire spread has been halted, firefighters must continue to suppress the fire by working 
progressively from the perimeter inwards. This action is done by locating and extinguishing 
hot spots, and by managing unburned fuels so that they do not pose a threat to the control line. 
Firefighters must continue to patrol the fireline and watch for changes in fire behaviour or unsafe 
or potentially unsafe conditions. Once the fire has been brought under control (no further spread 



Wildland Firefighting for Structural Firefighters  
Alberta Office of the Fire Commissioner – Public Safety Division     Page 3-29 

of the fire will occur), the mop-up stage begins. 
 
Mop-up  
 
The act of extinguishing a fire after it has been brought under control is called “mop-up”. Once 
the hoseline or fireguard is established and the fire is under control, firefighters begin mopping up by 
extinguishing all fire within the fire perimeter. This is done by dragging hose into the interior of the 
fire or by using hand tools to put out the hot spots in the interior.  
 
Fire Demobilization  
 
Fire “demobilization” is removal of all personnel and equipment are removed from the fire. 
That means retrieving fire equipment, removing garbage and leaving the site as close to its 
natural state as possible. 
 

Methods of Attack 
 
All fire control activities can be classified as falling into one of the two following methods of 
attack: 
 
1. Direct Attack 
2. Indirect Attack 

 
1. Direct Attack 

Direct attack is action taken directly on the active 
flame front or burning portion of the fire. It involves 
the actual suppression of the fire. Examples include: 

 

 

 

 

 

 

 

 Air attack - hitting the flames directly with retardant or water/foam. 

 Water/foam delivery - spraying water or foam directly on the flames or  

smouldering fuels.  

 Throwing dirt on the flame front.  

 Smothering the flame front with shovels. 
 

This is the most common method of attack because it generally provides the best opportunity to 
quickly contain and minimize the fire. Success depends on using sufficient resources to attack 
the fire before the intensity increases beyond capabilities. This allows fire crews to take 
advantage of sections of fire that have already burned out. 
 
Limitations of direct attack: 

 Effectiveness decreases as intensity increases. 
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 Fire may be too intense to be cooled by water (water evaporates before it is effective). 

 Fire may continue to smoulder because some air will get through attempts to smother. 

 Ineffective with insufficient resources. 

 Heat and smoke may reduce the crews’ productivity. 

 

Direct attack is safe and effective if: 

 Firefighters are aware of LACES and are reassessed constantly. 

 The crew leader has assessed fuel, weather, topography and the observed and forecasted 

fire behaviour. 

 The flame lengths and intensity are low enough to allow firefighters to approach the edge 

of the fire safely. 

 All firefighters can communicate with each other. 

 

The following are a list of tactical considerations when using the direct attack method to 

control a grassland wildfire:  

 Always observe LACES (Lookout, Anchor points, Communications, Escape routes, 

Safety zones).  

 Do not direct attack on the head of fast moving and/or hot fires. 

 Firefighters used for hot-spotting must be carefully monitored and should be 

supported with air tankers and/or heli-buckets. 

 Always ensure that there is a safety reserve of water left in the engine for apparatus 

and firefighter protection.   

 Use foam application wherever possible to stretch out your water supply and to 

increase its wetting action. 

 Use strategically placed relay tanks along the flanks and rear of the fire to ensure 

that engines have a constant supply of water. 

 
Hot Spotting 

 
 

Hot spotting is a direct attack strategy used to attack and control areas 

exhibiting the most rapid spread or which pose some special threat to 

the control of the fire. 

 

The intent of hot spotting is to hold the fire or bring it under control in 

the shortest time. Only specific areas (priority areas) of the fire are 

actioned. This is in contrast to a more systematic approach of “anchor 

and hold” where firefighting starts from an anchor point and fireline is 

extinguished as line progresses up the flank. 

 

Hot spotting is most common for initial action on small fires with low intensity. It can only be done if 

the fire intensity presents no danger to the firefighters. HFI must be three or less, and will remain three 

or less until proper anchor points can be established. 
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Indirect Attack 

Indirect attack usually involves constructing a 
control line strategically located away from the fire 
and burning out the fuel between the control line and 
the fire’s edge. Control lines must begin and end at 
anchor points. They can be located close to the fire’s 
edge or a significant distance away to take advantage 
of favourable terrain or existing fuel breaks to reduce 
the amount of control line to build.  
 
 
 

Examples of indirect attack include: 
 

 Fire crews building a control line and burning out the fuel between the fuel break  

and the fire’s edge. 

 Bulldozers clearing a control line and burning out the fuel between the fuel break and the 

fire’s edge using fire crews and ground ignition, or aerial ignition. 

 Using existing fuel breaks 

 Protecting values at risk (structures/infrastructure) 
 
Limitations of indirect attack include: 

 Requires time and resources to complete control line and burnout before the main fire 

arrives. 

 Burnout may not burn properly due to wet fuel conditions. 

 Fire has a chance to build up in intensity in unburned fuels. 
 
Reasons for selecting this method of attack include: 

 Fire intensities too high to safely and effectively attack the fire directly. 

 Insufficient resources to be successful with direct attack. 

 Indirect attack strategies may also be used to meet overall landscape  

fire management objectives. 
 
Parallel Attack 
 
Parallel attack is a type of indirect attack because firefighters do not work directly on flames or 
burning material directly. Generally parallel attack is used to refer to a small scale operation, 
close to the fire’s edge, while indirect attack is the term often used for larger scale operation 
further away from the main fire.  
 
Parallel attack involves: 

 Building a control line parallel to the fire’s edge. 

 Constructing a fireline from point to point on fingers of the fire rather than following the 

fireline directly. This generally creates a straighter control line. 

 Burning out the intervening strip immediately as the control line proceeds. 
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Control Line Construction 
 

The key to controlling the spread of a fire is establishing control line around the fire. Control line 

is a broad term for all constructed or natural fire barriers and treated fire perimeter used to 

control a fire. 

 

Control lines are constructed for the following purposes:  

 To build a break in the available fuel, creating a barrier to  

fire spread. 

 To create a line that can be used as a start for burning out. 

 

The line can range in size from a simple 30 cm wide scratch line in light 

fuels to 10 metres in tall dense timber. Control lines can be constructed 

with handtools or heavy equipment. Whatever the line width or 

construction method, some common principles apply. 

 

Be aware that whatever the control line is called, it must be a clear break in 

the fuel, generally down to mineral soil or non-flammable material, and it 

must begin and end at an anchor point to be effective. 

 

PRINCIPLES OF INDIRECT CONTROL LINE CONSTRUCTION 

 
 The line must be cleared to mineral soil or non-flammable material (i.e., frozen muskeg). 

 The line must be wide enough to prevent radiant or convective heat from igniting fuels 

outside the fireline. 

 Locate line as near to the fire edge as possible, while ensuring the line can be completed 

and burned out. 

 Circle areas of numerous spot fires instead of handling each fire individually. 

 Make line as short and straight as possible. 

 Locate and build fireline so burning material cannot roll across it. 

 Select the most open area and use natural fuel breaks for line location. 

 Remove ladder fuels to reduce spotting potential. 

 

CONSIDERATIONS FOR CONTROL LINE WIDTH 

 

The primary factor for building the appropriate line width is the anticipated fire behaviour the 

control line is expected to contain. Higher intensity fires will require a wider fuel break.  

 Fuel – type, density, and height. 

 On a hill above a fire – the steeper the slope, the wider the line  

 On a hill below a fire – the line must be trenched with a berm to keep burning materials 

from rolling outside line. 

 Check the forecast to see how weather could affect fire behaviour. 

 Fire behaviour at the head will generally be more intense. 

 

A control line may also 

be called a: 

 fuel break  

 fireline  

 fireguard 

 firebreak 

 handline  

 dozer guard  

 cat line 
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Handline Construction 
 
Firefighting crews use handtools to create a control line. The majority of vegetation types in the 
boreal forest are not suitable for handline construction. In most areas of the boreal forest there is 
a very deep duff layer and no mineral soil below. However, handline construction is possible in 
certain vegetation types in Alberta.  
 

 Mountainous regions have a 

thin duff layer that is easily 

cleared to mineral soil. 

 Jack pine stands typically 

have a thin duff layer with 

sand below. 

 Mixed wood stands will have 

good mineral soil underneath 

a moderate duff layer. 
 
 
 
 
 
 
 
Handlines can be used to surround the entire fire or to reinforce more intense sections of a fire 
that will be left unattended. 
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How Fires Can Cross a Control Line 
 

Radiation is the transmission of heat through the air by rays of heat. Fuels too close to intense 

heat can be ignited even if not touched by flame. 

 

Convection is the transmission of heat by currents of air. Convection currents preheat the fuels 

ahead of a fire and make them easier to ignite. If unburned fuels are too close to the flame front, 

they can be ignited by convection currents. 

 

 

 

 

Sparks and embers can be blown across the line. 

 

 

Burning material can be carried across a line by gravity: rolling, sliding, or falling. 
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Firefighters can accidentally throw, drag, or flip embers or sparks across the line. 

 

 

Fire can creep across the fireline through duff or roots. 
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Working with Heavy Equipment 
 

During wildfire operations, a crew member will work with different types of heavy equipment. 

Each of these will have a unique ability to help with working on wildfires. Each piece of 

equipment will have different strengths and weaknesses. Having the ability to be innovative will 

maximize the effectiveness of the heavy equipment that is working on the wildfire.  

 

The types of heavy equipment include: 

 Dozers 

 Skidders 

 Water Tenders 

 Excavators 

 Nodwells, Swamp Buggies and Hagglund 

 

Dozers 
 

Dozers perform many different functions on a wildfire 

incident. 

 

1. Building control line. 

2. Maintaining access. 

3. Constructing helispots for helicopters along the dozer 

guard. 

4. Pushing over burning or dangerous snags. 

5. Uprooting burning stumps and roots. 

6. Breaking up large piles of smouldering fuel exposing 

hotspots. 

7. Flattening soil and debris piles to facilitate reforestation. 

8. Cutting channels and installing diversion ditches on slopes to reduce erosion. 

 

Dozer units usually consist of three dozers. Each dozer must have an operator and the dozer unit is 

supervised by a dozer boss. On larger fires there may be several dozer units directed by a heavy 

equipment group supervisor. 

 

Fire crews work with the dozer units and performing burnout operations behind the dozers to clean-

up the line of unburned fuel between the dozer guard and the fire edge. This will reinforce the dozer 

guard and help lessen the chance of the fire breaching the guard.  
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Typical Dozer Group Organization 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above is an example of three dozers, managed by a dozer boss and supported by a fire crew. 

They can work together on a fire. 

 

Skidders 
 

Skidders are extremely versatile, economical and 

highly manoeuvrable machines even in very rough 

terrain. 

 

The best use of skidders is for building control lines in 

light fuels with its front blade, transporting 775 - 4000 

litre water tanks or trailer tanks with pumps and hoses 

and moving logs and debris away the control line if 

equipped with cable line and choker. 

 

Water Tenders 
 

Water tenders come in a variety of sizes and have a 
variety of capabilities. Trucks come with pumps 
integrated into them so they can fill and empty their 
tanks, but these pumps are largely volume pumps. 
 
The best use of the water tender is to use it to refill 
relay tanks. By having the trucks continually fill the 
relay tanks, the firefighters have constant water. 
Although some trucks have balloon tires to help 
negotiate rough terrain, ground conditions have to                               
be considered before ordering a water tender. 
 

Water tenders are also used to control dust on roadways and helibases.  
 
They also deliver potable water to camps. These trucks are specialized and cannot be used to 
take water from any other water source except a potable water source.  
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Excavators 
 

Excavators come in different sizes and are 
equipped with various bucket sizes. The Division 
will generally only hire excavators with a (bucket) 
thumb. This extra appendage works just like the 
thumb on a hand making it easier to pick up and 
move debris. 
 
Excavators have been found to be very useful on 
fires for the following functions: 
 

1. Control line construction, especially on steep ground. 

2. Road clearing. 

3. Digging sumps. 

4. Putting in and removing watercourse crossings.  

5. Removing stumps and heavy debris. 

6. Feathering or spreading fuel on the edge of the fireline. 

7. Control line reclamation. 

8. Digging up large hot spots, log decks, brush piles and windrows. 

 

Nodwells, Swamp Buggies and Hagglund 

                           Nodwell Swamp Buggie 

 

Nodwells, swamp buggies and rollagons used on swampy or wet ground to move water or 

equipment around the fire. 

 

When using these types of equipment be aware of the environmental damage that may occur if 

not monitored. Soft or swampy ground can be made into a bigger mess if the equipment is using 

the same access for weeks on end. In the north, once the ground has been disturbed, the 

permafrost will come out very quickly creating a very wet area.  
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PERSONNEL SAFETY AND HEAVY EQUIPMENT 

 

 Firefighters must keep clear of a dozer or other heavy equipment when they are 

constructing control lines. A minimum of 2 – 2-1/2 tree lengths are required. 

 Personnel working around dozers and other heavy equipment must wear hard hats with 

hearing protection. 

 Leather gloves must be worn when handling winch cables or chokers. 

 No one is to mount or dismount any moving heavy equipment. 

 Wildfire crew personnel must keep off operating machines unless they are designed to 

carry personnel. 

 Signals must be agreed upon and understood prior to working with equipment operators. 

 Never ride as a passenger on any heavy equipment unless it is designed to carry people. 

Seats must have seatbelts to carry personnel.  

 Do not approach any equipment until signalled by the operator.  

 

Ignition Operations 
 

Ignition operations must be carefully planned and closely managed to ensure the safety of all 

involved. Any time fire is put on the ground, this activity is a coordinated operation that is 

planned, briefed, communicated to adjoining forces and sanctioned by the incident commander 

before ignition. 
 

IGNITION METHODS 
 

Ignition method is the means by which an ignition operation is ignited. There are basically two 

ignition methods, ground ignition and aerial ignition.  

 
With ground ignition, ignition crews equipped with ignition firing devices carry out the ignition. 

Ground ignition is normally used on relatively small ignition operations where aerial ignition is 

not warranted or when precision in placing the ignition fire is required.  

 

In aerial ignition operations, helicopters are outfitted with ignition devices that drop incendiary 

material to the ground. Large areas can be ignited in a short period of time. Aerial ignition is 

normally used on large often complex ignition operations.  

The last is a combination of both ground ignition and aerial ignition.  This method is not used 

very often but has been done.  

 

Often small sections on a large ignition operation require more accurate placement and less 

intensity of the ignition fire than is possible with an aerial ignition firing device. In these 

instances, if it can be done safely, these areas will be ignited by ground ignition.  

 

IGNITION TACTICS 

 

There are various fire suppression ignition tactics used in wildfire ignition operations. The tactic 

chosen depends on the objective of the ignition operation. Only trained, experienced firefighters 

with a good understanding of fire behaviour can initiate ignition under strict supervision.  
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Burning out: Setting fire set along the inside edge 

of a control line to consume unburned fuel between 

the control line and fire perimeter. The objective is 

to reinforce existing control lines and deprive the 

fire of fuel. Generally this is a small-scale routine 

operation.  

 

Burning off: Setting fire to consume islands of 

unburned fuel inside the fire perimeter. This is done 

to eliminate the potential of the area igniting later 

which could result in spot fires crossing the control 

line or the adjacent area re-burning.  

 

Backfiring: 

Setting fire close enough to the main fire to take 

advantage of indrafts. Indrafts are created when the 

intensity of the fire is sufficient to draw air into the main 

fire overcoming the prevailing winds. The objective is to 

consume fuels in the path of the fire and thereby stop, 

slow or steer the fire. It is normally limited to aerial 

ignition and used when fire intensity makes direct attack 

unsafe or ineffective.  

 

IGNITION DEVICES 
 

Drip Torch Fusee 

 

The two primary ground ignition devices used in Canada are the drip torch and the fusee.  

 

The drip torch is the most commonly used ground ignition firing device. Fuel is dripped from 

the canister past a flaming wick which ignites the fuel. The drip torch uses diesel fuel mixed with 

gasoline (3:1). Drip torches are ideal for extended ground ignition jobs. 

 

The fusee is the other common ground ignition device. A fusee is a signal flare generally used as 
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a signaling device on highways and railways and they come in various sizes. Fusees produce 

intense heat and can burn from 5 to 20 minutes, depending upon type and size. Fusees are best 

suited for small, short duration projects. They are most effective when used in dry, light, 

continuous fuels.  

 

Working with Airtankers 
 

It is critical that crew leaders and crew members recognize the hazards surrounding airtanker 

operations and use safe work procedures to mitigate these hazards. 

 

Fire retardant is heavier than water and when dropped at a speed of over 100 miles per hour, this 

mass of dense liquid can have a harmful direct impact on firefighters in the drop zone. Generally, 

a retardant drop is from a height that will allow the retardant to disperse to a fine mist. However, 

if a drop is too low, the retardant will fall as a dense mass and can break branches or snap tree 

tops or snags which create a major hazard if firefighters are in the drop zone.  

 

If you are in contact with airtanker retardant, wash it off as quickly as possible. Retardant may cause 

severe eye irritation. Eyes should immediately be flushed with water. 

 

Retardant in liquid form on the ground is slippery and firefighters need to watch their footing in 

areas where airtankers have dropped. 

 

When a retardant drop hits the ground, there may be debris on the ground (branches or needles) 

or ash that could impact firefighters on the ground. 

 
Clearing the drop zone is the best way to mitigate these hazards. Air attack officers 
communicate with crew leaders by radio to confirm their location and to inform when and where 
they will drop retardant. 
 

Drop Zone Procedures 

 
If caught in a drop area, the following seven points need to be remembered. 
 

1. Do not panic and run. You may run the wrong way or trip and injure yourself. 

2. Lie face down towards the tanker or drop area and cover your head. 

3. Hang on to something. The danger is not from being hit by falling liquid but from being 

thrown by it. 

4. Place handtools well clear of you to the side or rear as the force of the drop can move them. 

5. Stay clear of snags and dead branches. They can break off and fall on you. 

6. Do not move back to the fireline until you are sure the last drop has been made. 

7. Watch your footing when working in the retardant after the drop. Retardants are very 

slippery. 
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Birddog Sirens and Responses 

 
Firefighters who do not have radios must listen for the birddog aircraft siren. 

 

“Yelp” (intermittent) mode followed by a sharp pull-up: 

Meaning: “Airtanker approaching target within three minutes from the same direction 
and make the drop at the point indicated at pull-up.” 

Action: Clear the drop area at least 100 metres at right angles from the intended run 
either into the bush or into the fire depending on which is safer. Do not 
return to fireline until the “all clear” siren is heard! 

“Wail” (continuous) mode: 

Meaning: “All clear, return to fireline.” 

Action: Return to the fireline and resume suppression action. (If you have radio 
contact with air attack officer, confirm your intention to do so). 

 
Note: The yelp siren may only be used once on a target even though several drops may be made. 

Do not return to the fireline until the wail siren is heard. 

 

Airtanker Limitations 
 

The general airtanker limitations include: 

 Airtanker action must be followed up by firefighters on the ground. 

 Adverse weather conditions: turbulence, high temperatures, winds, severe haze, and low 

cloud. 

 Poor visibility caused by smoke. 

 Restricted by some types of topography: narrow valleys and broken terrain with poor 

approach and escape routes. 

 Inadequate radio communication to coordinate an effective attack. 

 Lack of available airports and facilities for aircraft a 

 Lack of lakes or water surfaces for skimmer aircraft, within effective range of the fire. 

 

 

Helicopter Operations 
 
Helicopters are a very effective fire suppression tool with several different applications. There are 
several hazards that personnel are exposed to when working around helicopters. To avoid injury, 
personnel must be trained to recognize and avoid these hazards. In addition to safe working 
procedures outlined in this unit, helicopter briefings with the pilot will reinforce safe work 
procedures and introduce safety features and cargo loading practices specific to different 
helicopters. Working with and around helicopters is a team effort with the pilot being in charge 
and all team members following the same procedures for safe and effective operation. 
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USES OF HELICOPTERS IN FIRE SUPPRESSION 
 
Helicopters are very useful in firefighting operations as they can operate from undeveloped areas 
and provide quick access to remote fire sites. 
 
Some of the major uses of helicopters in firefighting operations include: 

 Personnel and freight transport 

 Reconnaissance (scouting the fire area) 

 Water and retardant delivery with a bucket 

 Aerial ignition 

 Birddogging (guiding in larger helicopters to hot spots) 
 
Firefighters need to be aware of the general safety hazards of all helicopters. Some helicopters 
have unique hazards and operating features that pilots will cover in a briefing. 
 
To use helicopters safely and efficiently, it is important to have a basic understanding of the 
capabilities and limitations of different helicopters. 

 
GENERAL HELICOPTER HAZARDS 

 

All efforts must be made to ensure the safest possible operating conditions for firefighting personnel 

using helicopters. This is accomplished through: 

 Training 

 Daily helicopter briefings 

 Safe working attitudes 

 

Firefighters are exposed to different safety hazards while: 

 Loading and unloading equipment in helicopters 

 Travelling in helicopters 

 Waiting at a helispot while a helicopter is landing or departing 

 

Firefighters must be aware of all the safety hazards while working around helicopters. 

 

Main Rotor and Tail Rotor 

 

On flat ground, the main rotor is about 1-1/2 to 3 metres above ground depending on helicopter 

type. However, when the helicopter is on a hillside, the main rotor is much closer to the ground 

on the uphill side and the tail rotor is about eye level. 

 

Rotor Downwash 

 

While helicopters are taking-off or landing, downwash can blow sand, dirt and light objects that 

are not secured. These objects are a hazard, as they can be blown up into spinning rotors or be 

sucked into the engine intake. 
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Protruding, Sharp Objects 

 

Radio antenna, pitot tubes that stick out from the nose of the helicopter are not highly visible. There 

are usually antennae underneath the helicopter belly and under the tail boom. 

 

Jet Blast 

 

Jet engines produce a loud hot blast from the exhaust port of the turbine engine.  

 

SAFETY PROCEDURES FOR WORKING AROUND HELICOPTERS 

 

Eye and ear protection must be worn when working close to helicopters. 

 

Approaching a Helicopter  

 

 Never approach or 

depart a helicopter until 

the pilot signals or 

verbally instructs. 

 Always approach and 

depart a helicopter from 

the front or the side in a 

crouching position in 

view of the pilot. 

 Never approach from the rear near the tail rotor 

 Never stand in the area of the tail rotor 

 Never go around the rear of the helicopter by ducking under the tail boom. Go around to 

the front of the machine.  

 Always approach and depart a helicopter on the down slope side. 

 Move carefully around the front of the helicopter. Be aware of radio antennas and never 

touch the Plexiglas windows. They 

scratch easily. 

 Designate a crew assembly point at 

the helispot that is a safe location 

well out of the arrival or departure 

flight path. This assembly point 

should be in the pilot’s view. 

 

Loading and Unloading Equipment 

 The crew leader or pilot will supervise the proper loading and unloading of passengers 

and equipment/cargo. 

 Never drive a vehicle under the rotor blades.  

 Always carry tools or long objects horizontally, below waist level, never upright or over 

the shoulder. 
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 When loading equipment or cargo, store and secure the items in the cargo section when 

possible. Any items placed inside the cabin must be secured and must not block any of 

the exits 

 When loading the tail boom cargo compartment avoid the jet blast from the exhaust port. 

 Never move past the tail boom door. Only 

one or two crew members should be 

assigned to loading and retrieving gear 

from the tail boom. 

 Always advise the pilot with weights and 

types of equipment or cargo to be loaded 

into the helicopter. Follow his 

instructions as to where and how to load 

the items. 

 Be aware that certain types of hazardous 

cargo may require special precautions as 

to containers used, storage location and 

labels. In some cases, passengers are not allowed on the flight when certain hazardous 

products are being transported (e.g.: explosives). In all cases, the Transportation of 

Dangerous Goods Regulations and the pilot should be consulted prior to all flights. 

 Never throw items from the helicopter. They may strike the rotor blades causing damage 

or be sucked into the engine. 

 When loading the tail boom cargo compartment avoid the jet blast from the exhaust port. 

 

 

BUCKETING OPERATIONS 

 
You and your crew may end up working with a helicopter that is bucketing. When done right, 

this is a very effective way of putting out fire. 

 

You will be briefed by your crew leader on what will happen during the bucket operation. 

 The crew leader identifies two to four targets then divides the crew so there is someone 

on each spot and a person with a radio who can see the targets. 

 The crew digs up and clears out the hotspot with handtools or a chainsaw. 

 This opens up the area and allows the bucket drop to be more effective. 

 Targets are marked with flagging tape so the pilot can see them from the air. 

 

Once the bucket machine arrives, this happens: 

 The crew leader tells the pilot what needs to be done when he is overhead. 

 An experienced person calls the drop when the pilot is unable to make visual contact with 

the spot. A countdown such as “three, two, one, now!” is accepted procedure. 

 The crew digs up the area after every drop to ensure maximum efficiency in the 

bucketing operation. 
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HAZARDS WITH HELICOPTER BUCKETING OPERATIONS 

 

Many hazards associated with airtanker operations are also present in helicopter bucketing 

operations. Helicopters can drop a bucket load of water or retardant at a slower forward speed 

and lower height. This combination creates significant rotor wash which can dislodge branches 

or fan up ash or other debris on the ground. 

 

Overhead hazards such as snags or unstable trees resulting from root burnout can be blown over 

or snapped because of rotor wash. When working close to bucket operations, do a good site 

assessment looking for overhead hazards such as snags and broken branches. Also check the 

extent of root burnout and the general stability of trees in the area. It is critical that pilots 

communicate with crew leaders to establish their approach routes. Firefighters must be clear of 

these helicopter travel routes and drop zones. 

 

Comparison of Fixed-Wing Airtankers and Helicopters with Bucket 
 

 Airtankers have high speed, large load capacity, and greater range. 

 Helicopters have greater manoeuvrability than fixed-wing airtankers, allowing for 

accurate drops and close support to ground personnel. 

 Helicopters can operate from a nearby water source or a portable retardant mixing site 

close to the fire. This may offset the relatively small load capacity of the medium 

helicopter. A helicopter may outperform a fixed-wing airtanker in these situations, due to 

the shorter turnaround time. 

 Helicopters are more versatile because they can also transport personnel, equipment and 

supplies, and provide aerial suppression. 

 

HELICOPTER LANDING AREAS 
 

In remote areas, helibases and helispots are necessary for the transport of personnel, equipment 

and supplies to the fireline. 

 

Helibase:  the main location for parking, fuelling, maintenance and loading of helicopters in 

support of an incident. When possible, fire suppression organizations use existing airstrips, open 

fields or meadows with road access. 

 

Helispot: any designated location or area where a helicopter can safely take-off and land. 

Helispots may be used for offloading supplies, equipment or personnel. Site selection and 

preparation is a critical aspect of safe and efficient helicopter operations.  

 

Helipad: the surface or structure where the helicopter actually lands. 
 

 

Patrol 
 

Patrol involves walking and checking the control line (inside and outside the line) for spot fires 

and hot spots to prevent the fire from escaping. Eventually, the entire fire is checked through a 
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systematic grid pattern.  

 

Detecting hotspots is easy to begin with because there are lots of areas burning. After a while, 

detecting what is burning can become more difficult. To find all the burning spots, use your four 

senses: 

 

1. Sight:  While looking into the sun, look for: 

 Smoke not only on the ground, but up in trees 

 Heat waves 

 Steam 

 White ash indicates spots that may have hot embers often below it 

 Gnats often hover above hot spots 

 

2. Touch (Cold-trailing):  Use your hands to feel for heat. 

3. Smell:  Smoke and burning gases are often smelled before they are seen so trying standing 

downwind. 

4. Hearing:   Listen for the crack and pop of burning material. When water is applied you will 

hear a hiss. 

Outside the Fireline 
 
Areas outside the fireline must be inspected systematically to make sure there are no overlooked 
smouldering spot fires. Patrols off the head will generally be farther away from the fire’s edge 
than off the rear. Some likely places to look include: 
 

 Rotted logs, stumps, base of snags, up high in snags and spike-top trees, anthills, piles of 

bark, sawdust piles, and squirrel caches. 
 

Inside the Fire Perimeter 
 
General principles and tips for patrolling inside the fire perimeter include: 
 

 A coordinated grid search may help ensure the entire fire is covered. Walk where it is 

difficult to go, because it is likely that few people have been there. 

 Set up patrols into the wind when possible. 

 Look for areas of white ash which may indicate an area that has not been checked. 

 Look up to help identify the possibility of burning snags. 
 

 

Mop-Up 
 

After the fire has been contained, firefighters will start the mop-up stage. Mop-up involves 
securing the fireline by extinguishing all hotspots and smokes near the control line and inside the 
burn area. 
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During the mop-up phase, the term “hot spot” refers to a small area of smouldering or glowing 
combustion, maybe exhibiting smoke, located on or within the fire perimeter. This is sometimes 
called smudge. 
 
The objective of mop-up is to put out all burning material to prevent the fire from challenging 
the control line. 
 

PRINCIPLES OF MOP-UP 

 
 First identify areas that may challenge containment. 

 Cut down all snags inside the line that could throw sparks or fall over the line. 

 Use water sparingly if from a limited source. 

 An area is not completely mopped up until it has been cold trailed. This means checking 

the area by hand to make sure that nothing is burning. 

 Only use helicopter buckets if no other alternative water delivery is available. 

 
METHODS OF MOP-UP 

 
There are two types of mop-up – wet and dry. 
 
1. Dry mop-up is performed using only tools  - no water. 

 Use handtools (Pulaski and shovel) to dig up and break up all burning material. 

 Mix burning fuels, ash and embers thoroughly with dirt until there are no pockets of heat. 

 Crush small embers by hand. 

 Separate heavier fuel concentrations. 

 Expose, scrape and apply cooling soil to stumps. 

 Do not cover-up hot areas with soil - work it in and do the job right. 

 The area is not extinguished until you have cold trailed the area. 

 

2. Wet mop-up (combine water and handtools) 

 If water is available and can be applied, it makes mop-up much faster and easier. 

 

Use of Water in Mop-Up 
 

Water for mop-up is usually delivered using one of two methods: pump and hose or backpack 

pumps. General procedures include: 

 Pump and hose is usually the most effective if you have a sufficient water source because 

you can apply the most amount of water in the shortest amount of time. 

 Backpack pumps for mop-up must be used in conjunction with handtools (shovel and/or 

Pulaski). The handtools dig up and expose the burning material, maximizing the benefits 

of the water from the backpack pump. 

 The area is not extinguished until you have cold trailed the area. 
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HAZARDS  

 

Hazards that firefighters must constantly watch for when performing mop-up operations inside 

the fire perimeter include the following:  

 

Snags and unstable trees 
Watch for snags/chicots that may break off or fall down. Be especially cautious in areas of deep 

burning where the dry roots of dead standing trees may have been consumed making these trees 

more unstable.  

 

Ash pits 
In deep burning areas, firefighters could break through the surface of the ground while walking. 

To avoid stepping into burning embers or breaking through into ash pits, pay close attention to 

where you place your feet when walking in areas of burning deep duff or areas of suspected 

subsurface fire.  

 

In steep terrain, logs in fire perimeter with potential to roll 
If these logs were to roll downhill, they would create a safety hazard for anyone working below 

and could carry embers across the control line. These need to be positioned to prevent rolling.  
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4.  Handtools Use and Maintenance 
 

Identification, Use and Safe Handling 
 
Handtools play an important part in fighting wildfires.  Using the right tool for the job is 
essential to safety and efficiency. 
 

CUTTING TOOLS 
 
Cutting tools are used primarily above ground for brushing and clearing, and falling. Although 
they are relatively simple to use, a great deal of caution is necessary. 
 
 

 
 
 

 One edge can be used for cutting and limbing the 
other is used for hoeing, grubbing and exposing roots. 

 
 
 

 

 A faller’s axe is a single bit axe. This tool is used 
for limbing trees or pounding wedges when falling 
trees with a chainsaw. 

 
 
 
 
 
 

 A machete is used primarily for cutting down 
willows and other light, “springy” material. It is a 
valuable tool for preparing helipads.  
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SCRAPING AND DIGGING TOOLS 

 

Scraping and digging tools are used primarily in the ground during fireline construction for: 

 Fuel separation. 

 Exposing roots and ground fire. 

 Mop-up operations. 

 

 Digging, exposing burning material 

 Throwing dirt 

 Removing material 

 Light cutting and scraping 

 Beating and smothering light burning fuels 

 

 

 Raking away needles and leaves to create a control line. 

 Some cutting, digging, trenching 

 

 

 

 

 

Other hand tools you might see include the following: 

 

 Cutting grass and light brush 

 Trenching and grubbing 

 Raking debris, clearing line 

 Good in pine needles, leaves, duff 

 

 

 

 Good for trenching fireline 

 Separating fuels  

 Digging, cutting, scraping 
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SWATTER 

 

 Smothering tools are used for controlling low intensity fires in 

light fuels. 

 The firefighter places the tool directly on top of the flames and cuts 

off the oxygen. 

 

 

 

SAFE HANDLING OF HANDTOOLS 
 

 Maintain a clear working area, with at least three metres between workers when using or 

traveling with handtools. 

 Let co-workers know when you are near them when you are using handtools. 

 Watch the swathe of your blade; avoid glancing blows. 

 Keep covers on tools when possible. 

 Be aware of fatigue; fatigue reduces control of handtools. 

 Use proper safety equipment when using handtools. Wear a hard hat, gloves, safety 

glasses and proper boots that are laced to the top. 

 Keep handtools sharp and well maintained. 

 Maintain a secure footing and grip. 

 Carry shovel nose down, handle to the rear and parallel to the ground. 

 Carry the axe or Pulaski with your hand near the head of the tool, beside the thigh with 

the handle parallel with the ground.  

 

MAINTENANCE AND REPAIR OF HANDTOOLS 
 

 The finest tool is of little value if it is poorly maintained. 

 Handtools must be kept in top condition and checked regularly. 

 Perform tool maintenance after every fire. 

 Never leave a weak, loose or damaged tool for someone else. 

 

Maintenance begins with a thorough inspection 

 
Inspect head for: 
 

 Secure fit on handle 

 Proper alignment with handle 

 Dull and nicked cutting edge 

 Proper shape and form 

 Rust 

 Safety guards 

 Excessive wear and tear 

 

Inspect handles for: 

 

 Cracks or splintering 

 Bent or warped 

 Smoothness 

 Identification 
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 Repair tools when necessary and replace them if their safety is questionable. 

 Replace handtools whose blades have been shortened through excessive sharpening.  

Use templates to determine if the handtool is unserviceable. 

 A light oil should be applied regularly to handtools, especially when storing for a 

prolonged period. 

 Wooden handles can be soaked in linseed oil to prevent drying and ensure tight fitting 

heads. For a quick fix on overnight fires, soak the head in water. 
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5.  Water Delivery 
 
Basic Water Delivery Concepts 
 

Getting water on the fire using power pumps and hose is the most common method of 

suppressing a wildfire used in Alberta and across Canada. The importance of being proficient 

with a variety of power pumps and working with hose as a crew cannot be over emphasized. 

 

In general, fire crews are concerned with two water delivery factors for controlling a wildfire, 

nozzle pressure and volume. 

 

1. Nozzle pressure: Sufficient water pressure is required to penetrate ground fuels and to 

propel the water stream sufficient distance from the nozzle operator. 

2. Volume: The actual amount of water being applied. More water suppresses more fire. 

 

Best practice usually involves the pump running at maximum throttle, using the biggest hose 

practical (generally 1.5") and using the biggest nozzle opening (maximum volume) that gives 

sufficient pressure. If the pressure drops below a workable level, a smaller nozzle size needs to 

be used. 

 

When the proper balance of pressure and volume is achieved, a fire crew is better able to control 

a wildfire by being able to build a control line faster than the fire is growing. 

 

Water Supply 
 

Wildfire suppression requires substantial volumes of water from a dependable source. The 

capacity of interface fire departments is limited by the water supply. 

 

Some interface communities will have a public water system with fire hydrants. Water main size, 

fire hydrant spacing and capability must comply with Fire Underwriters Survey or National Fire 

Protection Association standards. 

 

Many interface communities have no public water system. Water supply for fire suppression in 

these communities is limited to the amount carried by the responding fire department or 

developed on-site by the residents of the community. 

 

Water available for interface firefighting is rarely located in the immediate fire area. Establishing 

a water supply will often involve the use of engines, water tenders, relay tanks, and portable 

pumps in various relay or shuttle combinations. 
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Setting-Up, Starting, and Stopping a Pump 
 

Water delivery with power pumps is the most common way of fighting fires in Alberta. It is 

critical that crew members are well trained in pump operations and hose-lays. Each crew 

member is required to set-up and start a variety of power pumps in the field. 

 

POWER PUMP BASICS 

 

Generally, power pumps can be thought of in two parts; the engine and the pump head. 

 

Engine 

The engine has three basic requirements, in the right amounts, to run. 

 

1. Fuel: The engine needs the right fuel (mixed or straight gas) supplied to the ignition 

chamber. 

2. Air:  Fuel passes through the carburetor where it is mixed with air before entering the 

ignition cylinder. 

3. Spark:  Electronic spark from the spark plug ignites the fuel/air mixture. 

 

Remembering these three basic requirements will assist you in starting and troubleshooting a 

pump.  

 

Pump Head 
 

The most common type of pump used in 

firefighting is a centrifugal pump. This type 

of pump requires the pump head to be full of 

water, commonly referred to as “primed.” A 

pump loses its prime when air is introduced 

and the pump will stop pumping water. 

 

The Wajax Mark 3 is the most common 

firefighting pump in Canada and the 

following operating procedures are based on 

the Mark 3. However, in general, all the 

principles of pump operating procedures are 

essentially the same; most pumps are two-

stroke engines. Two-stroke engines require 

mixed gas (50:1 in Alberta) and can be run in 

any orientation not necessarily on flat ground.  

 

However, four-stroke engine pumps are becoming more common. The main additional 

considerations for a four-stroke pump is the need for straight gas (as opposed to mixed gas for 

the two-stroke engines) and the need for a four-stroke pump to be transported and set-up as 

upright and flat as possible. 
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FUNDAMENTAL PUMP KIT COMPONENTS 

 

Suction Hose 

This non-collapsing hose allow water to be drawn from 

the water source into the pump-head.  

 

Foot Valve  

A foot valve threads onto the male end of the suction 

hose. It has a one-way valve to prevent water from 

flowing back out and it has a screen which helps 

prevent debris entering the pump-end.  

 

It is important for the screen to be in good shape. The foot valve must be clean 

inside and out and the valve spring and rubber plunger must work together to form a 

seal. A 2" rubber washer must be properly seated in the female threads. 

 

 

 

 

 

Fuel Line  

 

The fuel line is inserted into the fuel container and the 

black plastic cap is threaded onto the spout opening of the 

container. The grey female connector (often called a 

“merc” fitting) attaches to the pump. The fuel line must be 

in good condition with no apparent cracks.  

 

 

 

 

 

 

 

 

 

 

Hose Coupling Wrenches 

The hose coupling wrench is used to tighten or loosen 

the intake hose coupling attached to the pump-end. It is 

also used to tighten or loosen the priming cap on the 

pump as well as loosen any 1/4 turn (quick connect) 

fittings that are stuck together. 
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Hose Stranglers  

 

Stranglers are used to restrict water flow in 1 

1/2" hose lines. This restriction allows 

firefighters to add and remove lengths of 

hose without throttling down or stopping the 

pump. Strangler holsters are also included in 

the tool kit. Holsters can be attached to a 

waist belt and allow the strangler to be easily 

carried along the fireline.  

 

Ensure stranglers are clean. They must have 

a rubber insert properly installed such that 

there is less than 1/8" (3 mm) space between the jaws of the strangler when it is closed. No parts 

of the strangler should bind when it is operated. 

 
NOZZLE TYPES AND USES 

 

Straight Stream Nozzles 

 

Straight stream nozzles provide generally high pressure 

but generally lower volume. 

 

1. Straight pipe nozzles with interchangeable tips. 

2. Adjustable stream nozzle. 

 Hanson nozzle is included in all WMB pump kits. 

 Has 1/8", 3/16", 1/4", and 5/16" discharge 

openings.  

 Smaller nozzle opening increases nozzle pressure 

and stream velocity, but decreases water volume 

delivered. 

 

Some uses for straight stream nozzles are: 

 To construct fireguards. 

 To dig into ground fires and squirrel dens. 

 To penetrate slash or heavy fuel concentrations. 

 

Fog Nozzles 

Fog nozzles provide generally higher volume but generally 

lower pressure. 

 Come in various sizes and makes. 

 Produce several different spray or fog patterns. 

 

Generally deliver more volume of water but lower pressure 

than the straight stream nozzles. 
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Pump Site Selection  
 

Crew members should consider three factors when choosing a pump site. 

 

1. Bottom 

Avoid sucking in sand, gravel, mud or debris through the foot valve into the pump head. All four 

can stop the pump from operating and damage the pump. 

 

2. Pump-Site Terrain 

Pumps set-up on muddy sites can vibrate into the mud. Pumps set-up on a slope can vibrate 

down the hill into the water. Look for a site that is level and solid with adequate working room 

around the pump. Secure the pump so that it will not move when left unattended. 

 

3. Depth of Water 

A foot valve needs a minimum of 20 cm (8 inches) of water above it to avoid sucking air. 

 

To protect the foot valve a crew member may have to: 

 

 Suspend it off the bottom by tying it to a shovel or stake. 

 Use spruce boughs to act as a screen. 

 

 

 Tie it to a floating log to suspend it. 

 Use rocks to suspend it. 
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To provide enough water with a shallow source: 

 

 Dig a hole under the water to provide at least 20 cm of water depth above the foot valve. 

 Build a dam in flowing water to raise water levels. 

 Use spruce boughs to prevent the foot valve from creating a whirlpool, sucking in air in 

shallow water. 

 

Procedure for Setting Up a Pump 
 

1. Ensure proper mixture of gas. If you have been given straight gas, in a 5-gallon jerry can mix 

with two bottles of synthetic oil as provided in the pump kit (50:1 mixture).  

2. Connect the fuel line to the fuel tank. 

3. Open the air vent located on top of the fuel tank. 

4. Attach the quick-connect fitting on the fuel line to the quick-connect adapter located at the 

base of the engine. Squeeze the primer bulb several times until gas appears in the fuel line 

on the pump. Alternate method: prime the fuel line by depressing the ball bearing in the 

merc fitting with the spark plug wrench bar, and pumping the primer bulb until gas comes 

out. Attach the gas line to the pump. 

5. Check the spring on the foot valve strainer to ensure that it is working properly. 

6. Fill the suction hose with water by dipping it into the water and allowing the water to run 

into the open end. Attach the suction hose to the pump.  

7. With the suction hose in the water source, the pump head must be primed. Two common 

methods can be used: 

i. Fill the pump head through the primer cap using hardhats or canvas pail (this is the 

preferred method if there is a risk of disturbing the bottom of the water source) 

ii. If the pump has been primed properly, water should flow out the discharge outlet. 

iii. Give the foot valve/suction hose a few back and forth strokes to complete the priming 

of the pump or attach the hose to the discharge outlet on the pump. 
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Note: 

 The pump will not operate unless it is primed.  

 Do not allow the foot valve to rest on the bottom of the water source if there is a chance 

of pumping sand, gravel, or organic matter. 

 There should be at least 20 cm (8 inches) of water covering the foot valve. 

 Check the foot valve frequently to make sure it is not becoming clogged with debris. 

 Do not lift the foot valve out of the water source while the pump is operating. 

 

Procedure for Starting a Pump 

 

1. Set the choke (closed for starting a cold engine). 

 
 

2. Set the throttle lever to the Start/Warm Up position indicated on the throttle assembly. 
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3. Ensure the toggle switch is On. 

 

4.  Check that the “over speed” cut out switch is pushed in. Check that the Over Speed cut out 

switch is pushed in. More and more pumps are being used which do not have the Over 

Speed cut out switch. Instead, you will find an electronic shut off feature. In these cases, if 

the pump over revs and shuts off, the pump is automatically reset and you only need to start 

the pump again, ensuring that you still have prime in the pump head and fuel going into the 

engine. 

 

 

5. Secure the pump by placing one hand on the spark plug cover and one foot on the pump 

frame and give the starter cord several quick, steady pulls. Using one hand to pull the cord 

reduces the risk of damaging the starter cord and assembly. 

6. Once the engine is started, put choke in Run position as the engine warms up. 

7. Allow the engine to warm up for at least two minutes before running on full throttle. 
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Procedure for Stopping the Pump 

 

1. Move the throttle lever to the Stop position indicated on the throttle assembly. 

2. Allow the engine to run for approximately two minutes with the throttle in this position as a 

cool down. 

3. Flip the toggle switch to Off. 

 

Alternate method: With the throttle in the Off/Cool Down position, remove the fuel line from the 

fuel tank. The pump will draw the fuel from the fuel line in two to three minutes then shutdown 

when the fuel is exhausted. 

 

Note: 

 Do not run the engine at full speed until it has thoroughly warmed up. 

 Do not run the pump unless it is properly primed. 

 Drain the pump head once finished using the pump. 

 

Pump Site Housekeeping 

 

The pump site must be maintained so that the pump can run without constant care, for many 

hours and days. Some points to consider to maintain an effective and safe pump site: 

 Secure the pump and gas so that it will not move. 

 Keep any tools used organized in a dry location. Over the course of a fire, it is very easy 

to get careless and lose vital tools. 

 Clear dead grass and other flammable material away from pump to reduce the chance of 

fire at the pump site. Also, look around and clear away snags or other potential hazards. 

 A 5-gallon jerry can of gas will last four to five hours on a Mark 3 pump at full throttle. 

Gas cans may be switched without shutting down the pump by quickly transferring the 

fuel line from one gas can to the other. Do not allow empty gas cans to pile up at your 

pump site, get them back into the supply unit. 

 Garbage has a tendency to pile up at the pump site. Remove it. 

 In long-term (multi-day) operations, get into a daily maintenance routine. Check the 

pump for any loose screws or components. Grease as required. Clean and organize the 

pump site at the end of each day. 

 Above all, once you have the pump running and secured so that you are confident it will 

run all day, do not adjust anything else. Remember, if it’s not broken, don’t fix it.  

 

Troubleshooting 
 

Crew members should be aware that when a pump does not run, it is usually the result of one of 

the following factors: fuel, spark, air, flooding, and loss of prime. 

 

1. Fuel 

 Is there enough fuel? (Is it getting to the carburetor?) 

 Is it the proper mix? 
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 Is the vent cap loose?  

 Is the fuel line primed? 

 Is the fuel line kinked? 

 Is the fuel dirty? 

 Is there too much fuel (engine over-choked and flooded)? See flooding below. 

 

2. Spark 

 Is the reset rod in the wrong position for starting? 

 Is the engine switch Off? 

 Is the spark plug cap attached properly? 

 Is the spark plug burned (white electrode), fouled (oil residue), flooded (wet) or gapped 

improperly? 

 

3. Air 

 Is the air filter dirty? 

 Is the carburetor loose? 

 

4. Flooding 

 If the spark plug is wet, the engine has flooded. 

 Flooding results from over-choking or repeated attempts at starting the pump or if there is 

an ignition problem with no spark at the spark plug. 

 The following steps should be followed to remove excess fuel from the cylinder before 

attempting to start the pump: 

 Disconnect the fuel line from the engine. 

 Remove the spark plug from the cylinder and clean off any excess fuel. 

 Put the spark plug back in the spark plug cap and place on the outside of the 

cylinder. 

 Open both the choke and throttle controls.  

 Pull the starter rope until all excess fuel is exhausted. 

 Check the spark plug to ensure good spark when the rope is pulled. 

 If there is no spark, check the gap or change spark plugs. (Ensure pump is on and 

reset rod pushed in) 

 When excess fuel is cleared and spark is confirmed, reassemble pump and start as 

normal. 

 

5. Loss of Prime 

 

When a Mark 3 pump loses prime, air enters the pump head and prevents the pump from 

working properly. When a pump loses prime, the engine revs up and the engine can be damaged 

if not turned off. The Mark 3 pump has an over-speed cut out switch to shut off the engine to 

prevent damage when the pump loses prime and the engine over revs.  
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If the engine revs up and stops because the reset rod 
pops out or if it revs up and is not pumping water, 
check for the following: 

 The foot valve may be exposed to air (look for 

the formation of a whirlpool above the foot 

valve - this indicates insufficient water depth). 

 Air is drawn into the pump end through loose 

connections. All fittings on the intake side must 

be wrench tight when there is the chance to 

suck in air. 

 The foam unit attached to pump end and suction 

hose often causes loss of prime because of the many fittings that can potentially loosen. If 

this happens more than once, take off the foam unit (remove where it says Do Not 

Remove and reattach before handing it back in to the warehouse). 

 Check that the primer cap on top of the pump end is wrench tight. 

 The foot valve may be plugged restricting the flow of water through the pump end. 

 If the pump revved up and shut off, ensure the over speed cut out switch is pushed back 

in, re-prime the pump and start as normal. 
 

Pressure Loss in Hose-Lays 
 
As a general rule, a single Mark 3 pump can supply sufficient water and pressure up to 4000 to 
5000 feet using 1.5" hose. Variables such as elevation gain, rolling terrain and different kinds 
and sizes of hose will generally reduce that distance. 
 
Firefighters need to anticipate pressure loss in hose-lays to anticipate if there is enough nozzle 
pressure to effectively fight the fire.  
 
There are two primary factors that contribute to pressure loss in a hose-lay: 
 
1. Friction loss – several factors impact pressure loss due to friction:  

 Hose diameter – a smaller hose diameter produces more friction and greater pressure loss. 

 Hose lining – unlined hose has greater resistance and produces greater pressure loss.  

 Velocity of water - the faster the water flows, the greater the friction and pressure loss at 

the nozzle. Nozzle size dictates velocity of water. 
 
2. Head or back pressure - the total downward pressure of the water in a hose where the 

nozzle is higher than the pump. There is about 1/2 psi back pressure per foot of elevation 
rise in elevation. 

Example:  A hose-lay running up a mountain slope with 200 feet in elevation rise will 

lose 100 psi at the nozzle due to head pressure. 

 

In general, pressure loss increases with the length of line (number of hose lengths), pumping 

uphill, and with smaller diameter hose. When pressure loss becomes too great, there is 

insufficient pressure at the nozzle and alternative water delivery systems must be used. 
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Multi Pump Set-Ups 
 

Multi pump set-ups are used when attempting to push water to 

higher elevations or distances beyond the capability of a single 

pump set-up. 

 

Tandem Pump Set-Up 

 

A tandem coupling and a second or tandem pump in the hoseline 

increases pressure over a long hose-lay or up steep slopes. Some 

points to keep in mind when using this system: 

 

 Both the primary pump and the tandem pump must be 

operating at full throttle to be effective. 

 In general, start with the tandem pump 1000 feet up the line 

from the primary pump and adjust as required from there. 

 If the tandem pump is too far from the primary pump, the 

hose leading into the tandem pump will start to collapse, 

causing the tandem pump to lose its prime.  

 If the tandem pump is too close to the primary pump, excessive pressure may build up in 

the system causing hose to blow out. 

 

Parallel Pump Set-Up 

 

Two primary pumps are set up at a water source and discharge hoses 

are connected to a single hoseline using a wye. This set-up increases 

water volume, ensures water delivery if one of the pumps fails and 

maintains a continuous flow of water from two limited water 

sources. 

 

Relay Tank Pump Set-Up 

 

The primary pump at the water source pumps into a portable tank up 

the hoseline. Another primary pump is set up at the portable tank 

and pumps up a second hoseline to the fire. 

 

Gravity Systems 
 

The most trouble-free, yet most frequently overlooked water delivery system, is the gravity line. 

The head pressure works to build a usable pressure at the nozzle. There must be a suitable water 

source above the highest part of the area of the fire you want to work. Even a small creek will 

provide a surprising amount of water for fire use. Look for opportunities to use gravity systems 

when possible. 

  

 

Tandem Pump Setup 

Parallel Pump Setup 
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In a gravity hose-lay, the gravity funnel or sock must be tied firmly in place with rope and 

reinforced with rocks if possible. Choose a location with a drop in the streambed. It may be 

necessary to build a small dam and sump. The funnel should be completely submerged. Attach 

the first length of hose and lead it away 

and directly downhill, in a straight course 

as much as possible. 

 

Couple the hose to the funnel and lead the 

first one or two lengths downhill in the 

direction giving the greatest drop. 

 

If the water does not draw down the hose: 

 Start from the funnel. 

 Pinch out the hose. 

 Lead the water downwards until it is flowing freely. 

 Carry out process to the end of the second length, depending on slope. 

 

Once water is flowing freely, attach the hose to the required length, inserting three-way valves as 

desired to supply branch lines or relieve pressure. 

 

With a plentiful water supply and long drops, it is possible to have too much pressure at the 

nozzle, even when several branch lines are in use. Excessive nozzle pressures may be reduced 

by: 

 Using larger nozzles or more nozzles. 

 Inserting a three-way valve in the line as a bleeder. 

 

Once the system is operating, it is only necessary to keep the strainer in the funnel free from 

creek debris. 

 

Hose-Laying and Water Application 
 

Forest fires can be suppressed effectively with a well-organized, systematic approach to hose-

laying. This module discusses and illustrates correct hose-laying techniques for a variety of 

nozzle crew configurations. 

 

One of the principles of initial attack with power pumps on a fire perimeter is that the rate of 

progress on the first forward pass is based on a planned return pass or a second forward pass. 

The objective of the first forward pass is to apply just enough water to stop the fire’s rate of 

spread as quickly as possible. The return pass or second forward pass is performed immediately 

upon completion of the first forward pass and begins to establish the control line by actually 

putting the edge out. 

 

A nozzle crew must establish time objectives in distance-per-hour or a total time to get from 

anchor point to anchor point. Within this time objective, the nozzle operator must apply 
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sufficient water to restrict the fire spread until a second pass can be made over the area. If too 

much time is spent trying to completely extinguish the fire with the first water application, line 

construction may not exceed the rate of fire spread. 

 

On the initial forward pass, water is applied to the burning surface fuels. The amount of water 

required depends on the depth of the flame front and the intensity. The objective is to restrict the 

fire’s spread by reducing heat and increasing the resistance of the unburned fuels to ignition. 

Once the spread has been restricted, the nozzle crew makes additional passes to reduce the heat 

and to start the process of fuel separation. Each time the nozzle crew makes a forward or return 

pass, more effort is made to consolidate the control line. 

 

To properly apply the right amount of water, the nozzle operator must understand and determine 

the cycle of water effectiveness. The cycle of water effectiveness is the period of time between 

the application and the complete evaporation of water. 

 

The cycle of water effectiveness is affected by: 

 

 Time of day  Volume of water applied  Fuel composition - 

size, type, depth of 

duff 
 Weather  Exposure of site to wind/sun 

 Time of year  Soil drainage 

 

Once the rate of spread has been reduced and the fire has been contained, the crew can now 

begin to work towards control and extinguishment.  

 

Class A Foam 
 

Use of Class A foam mixed with water in wildfire situations can be used from the ground or air 

and has the following advantages over straight water: 

 Extends the cycle of water effectiveness because water/foam mixture does not evaporate 

as quickly as straight water and so is effective for a longer period of time. 

 Reduces the surface tension of water and can penetrate fuel further. 

 More visible from air and ground. 

 Is most effective for protecting fuel tanks and LPG tanks. 

 Mixture can be modified and applied in three different consistencies: 

 Wet: less foam concentrate, drains quickly and runs off surfaces. 

 Dripping: more foam concentrate and drips off surfaces when applied. 

 Dry: high amount of foam concentrate which sticks to surfaces like shaving cream.     
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Safety Procedures when Working with Foam 

 

Refer to the MSDS for a complete list of safe handling procedures. Generally, when handling 

foam concentrate: 

 Avoid contact with eyes. Will cause extreme irritation. Wear goggles when working with 

foam concentrate. Have eye flushing equipment available (eye wash saline solution 

provided in kit) 

 Avoid contact with skin and/or clothes. If clothing becomes wet with concentrate, change 

immediately and wash the skin. 

 Avoid inhaling foam concentrate vapours.  

 Wear rubber boots. Foam breaks down the natural oils in leather boots. 

 Apply skin moisturizing cream supplied in the foam kits. The cream in most kits acts as 

both a moisturizer and an antiseptic. 

 Skin can become extremely dry and chapped and may crack and become infected. 

 Close container lid when not in use. 

 

Foam tends to make surfaces such as rocks and logs slippery. Use care when walking in these 

areas. 

 

Foam can be used effectively in the following situations: 

 

Direct attack 

 Foam can be extremely effective at knocking down thick smoke, common on fires in 

cutovers or blow down. 

 On high intensity fires for rapid knock down and cooling. 

 

Mop-up 

 For penetrating surface and duff layers in smouldering fires. Useful for smothering 

ground fire in litter, duff, punky logs, debris piles, and shallow fires. 

 

Indirect attack 

 Where short-term protection is required such as reinforcing control lines or natural 

barriers to control fire spread, or to reinforce line to backfire or burnout. 

 

Values protection 

 Protect log decks or structures from advancing wildfire. 

 

Foam should not be used where the possibility exists of polluting a critical or sensitive water 

source (community drinking water supplies, bull trout spawning areas, etc.) or in freezing 

conditions. 

 

 

  



Wildland Firefighting for Structural Firefighters  
Alberta Office of the Fire Commissioner – Public Safety Division     Page 5-69 

Nozzling Technique 
 

Proper nozzling technique is created by aiming the nozzle with one 

hand and by placing the other hand on the hose, a short distance behind 

the nozzle. Then, make a slight back-and-forth motion with the hand 

that is on the hose. This gives the water a digging action that allows it 

to cut through the duff layer and into the mineral soil in a shorter 

period of time.  

 

Note: 

 Hand is always on top of the nozzle. 

 Always control of the nozzle and hose. 

 

When using the proper nozzling method the nozzle operator will: 

 

 Be subject to flying material  Be covered in mud 

 Get soaked  

 

The surface material and top of the soil should be: 

 

 Torn up  Cooled 

 Drenched  Driven back towards the interior of the 

fire 

 

If the items on these lists are not happening, the nozzle operator is not nozzling correctly. 

 

Areas of the Fire That May Require Additional Attention 

 

These areas may require additional time and water because of the potential for increased fire 

intensity or potential to escape: 

 Hot spots in jackpots: Heavy accumulations of fuel (jackpots) too close to the fireguard 

may cause trouble. The danger with these heavy accumulations is that they may flare up 

and build in intensity and firebrands may cross the fireguard.  

 Areas of deep burning/squirrel dens: Deep burning ground fires require extra time, water 

and attention to ensure that the area is completely extinguished. Dig the area with high 

pressure water (straight stream), handtools or a combination. 

 Areas of spot fire potential: Be aware of areas that may produce spot fires and work to 

reduce that potential. Wet the fuels, extinguish areas with ground fire and laddered fuels, 

etc. 
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 Strangling a Hose 
 

1. Use a two-handed grip on stranglers. 

 

 
Two-Handed Grip on Stranglers 

 

2. Properly position your body (i.e., do not kneel or stand directly over the stranglers).  

3. Keep one foot on the hose line, between the stranglers and the coupling, to prevent the 

stranglers from sliding up the hose to the coupling. The stranglers may cut the hose at 

the coupling if they hit the coupling with enough force. 
 

 

 
Place One Foot on the Hose Line 

 

4. Use both hands, and release the stranglers slowly and smoothly. 

 

Special Situations 
 
Wet Line Hose-Lay 
 

When a crew is confronted with a fast-moving, intense fire, it may be necessary to use a wet 

line hose-lay, also known as a wet hose-lay. The heat may be too intense for the hose-layer 

and hose handler(s) to work ahead of the nozzle operator. The wet line hose-lay will prevent 

the hose from burning before it is charged with water. 

 

This method of laying and handling hose is used in a fire situation: 

 

 When fire intensity does not permit dry hose to be laid in the conventional manner (i.e., 

ahead of the nozzle crew). 
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 When a hose line is laid across a burned-over area (such as to bypass across the base of a 

finger). 

 To reach the opposite side of a fire perimeter by the shortest possible route, requiring a 

wet line hose-lay due to the degree of heat in the burn. 

 

When performing a wet hose-lay, the nozzle operator leads and the hose handlers follow the 

operator. When the nozzle operator reaches the position where the wet hose-lay is to begin, the 

hose-layer hands the couplings to the nozzle operator and lays the length of hose back toward  

the pump. 

 

When the suppression work is completed with the current length of hose, the #1 hose handler 

strangles the line when signalled by the nozzle operator. The nozzle operator disconnects the 

nozzle from the just completed length, joins the two lengths together and connects the nozzle to 

the new length of hose. The stranglers are then released and the #1 hose handler takes up the 

position behind the nozzle operator. 

 

The hose-layer takes up a position approximately halfway between the #1 and #2 hose handlers 

and assists in laying out the length. The #2 hose handler maintains a position at the big loop, 

offering little assistance to the hose-lay but keeping the line free of snags and kinks. 

 

Hose Handling on Small Fingers and Bays 

 

In most instances, the edge of a fire is a series of fingers and bays of varying dimensions. To 

make the most efficient use of each length of hose, a nozzle crew using direct attack should be 

aware of the following: 

 Do not waste time going around fingers and bays along the fire’s edge. 

 Do not waste hose on fingers and bays. 

 Pull up all slack in the hose. 

 Know the parts of a fire, with emphasis on fingers and bays. 

 Know what causes fingers and bays to develop on a fire. 

 

Deploying Hose on a Finger 

 

Fingers are created when fire spreads more rapidly in one area than it does in the surrounding 

area, usually due to differences in the fuels. 

 

1. Prior to going around the tip of a finger, the crew makes a return pass while pulling the 

line back as they would in a wet hose-lay and then cuts across the base. 
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2. Once across the finger, the crew puts out the other side, again doing a return pass before 

proceeding along the fire’s edge. 

 

 

Proceeding Along Fireline 

 

Deploying Hose on a Bay 

 

Bays develop on a fire when one area of the fire does not burn as rapidly as the surrounding 

areas. 

3. When a bay forms along the line, the crew can save hose by working along the side and 

to the bottom of the bay.  

4. A return pass is completed while the crew pulls the line back to the mouth. 

5. The crew then cuts across the mouth and works its way down the other side of the bay 

and back before proceeding. 

  

  

Work to the Tip Cross the Finger 
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On-Site Troubleshooting 
 

Crossing Obstacles 

 

When laying hose lines, fire crews may encounter obstacles such as roads and railways. The 

crew needs to understand how to cross these obstacles while ensuring the hose line is protected. 

Roadways can be crossed by pushing a pressurized hose through a culvert, digging a trench 

across a gravel roadway or protecting the hose with logs tied on either side in the case of a paved 

highway. 
 
On-Site Hose Repairs 
 
Joining Hose without Couplings 
 

On occasion, a coupling may be blown off a length of hose or may be damaged to the extent that 

it cannot be joined to the next coupling. If there is a shortage of hose, or if time does not permit a 

crew member to go back for more hose, the hose will have to be joined without the coupling. 

 

 
 

 

Blown Coupling 

 

One way to do that is to stuff the end of one hose into the next coupling for approximately 2 - 2.5 

metres (6 1/2 to 8 feet) and to then use two metal hose patches to secure the hose. It may be 

necessary to turn the hose around to allow for maximum use of the surviving couplings. It is 

important to stuff the hose in the direction in which the water is being pumped. 
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Hose Packing (Dry, Clean, Part 2 Hose) 
 

Pack hose in a hose box or a hose pack using the centre-folded method. One person can pack  

the hose in the container, but using two people makes the job easier and it can be completed  

in less time. 

 

Procedure 

 

1. Select a clean area free of gravel or other sharp objects.  

2. Lay out a length of hose over 30 metres (100 feet) then bring one end back so that the 

couplings are together. Put one half of the hose on top of the other. This will leave you with 

a doubled length of hose that is 15 metres (50 feet) long. 

3. Ensure that the couplings have washers. 

4. Starting from the loop, keep the halves of the hose on top of each other and start to fold the hose 

back and forth across the width of the container. Continue this procedure until all the hose is in 

the container and the couplings are at the top of the container. 

5. Prepare another length of hose for packing, as in steps 1 and 2. Before packing it, join the 

couplings of the hose already in the container and pass these joined couplings through the 

loop formed by the fold in the next length. Now pack this length, as in step 4. 

 

Note: This simplifies operations on the fireline. When a length of hose is laid out, that length 

will bring the next one to the top of the container. The hose-layer can then grab the 

couplings and get ready to lay the next length. 

 

The above steps are repeated until four lengths are packed in the hose pack or hose box. 

  

 
 

Insert Hose Attach Hose Patches 



Wildland Firefighting for Structural Firefighters  
Alberta Office of the Fire Commissioner – Public Safety Division     Page 5-75 

The person packing the hose labels the container, indicating the type of hose it contains, how it 

was packed and who packed it. 

 

Sprinklers 
 

Sprinkler units have been recognized as a valuable tool on wildfires and prescribed burns. The 

advantage of using sprinklers is that water can be applied unattended over a period of time. 

Basically, a sprinkler set-up involves a series of sprinklers linked into a hose line charged with 

water from a power pump. Each sprinkler emits water in a wide circle and will continually wet 

down a large circular area for as long as the fuel supply keeps the power pump running. Thus, 

the area or structure/value within the sprinklers’ water coverage is offered protection from an 

oncoming fire. 

 

Sprinklers are primarily used to protect structures/values threatened by wildfire. There are 

hazards associated with structural protection assignments. These hazards will have to be 

recognized and effectively dealt with when carrying out structural values protection in the 

wildland urban interface. 

 

Sprinklers are also used to: 

 Widen control lines 

 Assist in line holding 

 Assist in mop-up 

 Control dust at helicopter landing areas 

 

Basic Sprinkler Set-Up  
 

The following are basic rules to follow when setting up a sprinkler system: 

 Two types of sprinkler kits are available - the Rainbird (8 sprinklers per kit) and the Sun 

Mate (10 sprinklers per kit). Rainbird sprinklers are larger, spray more water and cover a 

larger area than Sun Mate sprinklers. 

 The general rule is one power pump for approximately 6 - 8 Rainbird sprinklers with 

good water coverage on a 1-1/2" hose-lay up to 300 metres. 

 Locate the hose couplings within 15' of where the sprinkler is to be positioned if at all 

possible to limit the amount of 5/8" used. Insert a water thief into the line. Do not worry 

if this causes the hose line not to be tight.  

 Ensure the gate on the water thief is in the open position. 

 To overlap sprinkler coverage place sprinklers approximately 16 - 23 m (50 - 70 feet) 

apart, depending on the desired overlap, wind speed/direction and any obstructions. 

 Once the set-up is running, check that all sprinklers are operating properly and coverage 

is adequate before you leave. 

 

Note: Wind direction will affect the spray pattern of a sprinkler, elongating it in some places and 

shortening it in others. Take wind speed and direction into consideration when positioning 

sprinklers and assessing adequate coverage.  
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Sprinklers should be set-up in a “closed loop” configuration to ensure water pressure is 

maintained to each one. The main loop is 1 1/2" hose with 5/8" hose supplying the sprinklers. 

Run an “S” shape loop in the hoses to take out any excess length of hose between sprinklers. 

There should be no more than two sprinklers supplied off each thief. 

 

 

Remember to keep direct attack possibilities in place by placing a three-way valve with hose and 

nozzle into the hose-lay. 

Example of Closed Loop System 
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