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5
6 

 

Fire Control 

Learning Outcomes 
1. Describe the five key points of Decision Making. 
2. Explain the concepts of Decision Strategy, Risk Management 

Principles, and Rules of Engagement. 
3. Describe the importance of Planning in Setting Tactical Priorities. 
4. Explain the properties of Water and its uses in terms of Direct, 

Indirect, and Smoke Cooling application techniques. 
5. Describe the different types and uses of Ventilation. 
6. Identify the “Non-Negotiables”. 
7. Define the elements of a tactic. 

5.1 Decision Making 
Decision making and command of an incident is a cognitive process, 
influenced by incident exposure, technical knowledge, and live 
experiences. These factors affect the way we process information at 
times of high stress or in a time-critical situation. Developing the ability 
to make effective decisions quickly in high-risk settings only occurs 
when the decision maker is placed in situations, either simulated or real 
time, that mirror those that will be faced with on the fire ground.i 

5.1.1 The SPAR Model 
Firefighters are asked to make decisions in rapidly changing and hostile 
environments on a daily basis. Unfortunately, poor and faulty decisions 
can lead to increased property loss, injury or even a Line of Duty Death 
(LODD). The SPARii decision model is shown in Figure 1. 
The five key behaviours that affect decision making are: 

1. Developing and maintaining Situational awareness; 
2. Using an appropriate decision strategy; 
3. Using objective-based Planning; 
4. Using Action behaviours, including: communication; 

coordination; command; and control, to implement decisions and 
ensure safety and effectiveness; and 

5. Reviewing (dynamically and continually) the effectiveness of 
decisions and their implementation against the changing incident. 
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Figure 1: SPAR decision model 

 
Figure 2: On-scene decision makingiii 

5.1.1.1 Situational Awareness 
Situational awareness can be described as: perceiving situational cues; 
understanding what is going on around you; and accurately predicting 
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future events.iv The ability to anticipate risk/danger and alter outcomes 
depends upon: 

1. Perception – What is happening?  
2. Comprehension – What does this mean?  
3. Projection – What is likely to happen next? 

5.1.1.2 Decision Strategy 
The type, speed and effectiveness of a decision strategy are influenced 
by many factors, including: 

1. The amount of time available (discretionary vs. non-
discretionary); 

2. The level of experience; 
3. Organizational values; and 
4. Confidence.  

5.1.1.3 Planning 
Planning a decision refers to how you intend to manage the incident or 
situation being faced. The planning process is dependent upon accurate 
situational awareness in order to generate a relevant plan to resolve the 
incident, or to appropriately respond to its escalated risk to responders 
and occupants alike. This process involves three key behaviours: 

1. Setting appropriate incident objectives which set the focus of the 
overall incident; 

2. Ensuring your overall incident tactics are aligned to the incident 
objectives, and importantly, verbalized and understood; and,  

3. Building an incident management structure that is appropriate for 
the incident. This structure will limit the span of control of 
individuals within the incident management structure and vastly 
improve the efficiency of both the objectives and the application of 
appropriate tactics. 

5.1.1.4 Action Behaviours 
In terms of action behaviours, effective decision makers utilize good 
communication skills and coordination of simultaneous activity while 
controlling and delegating tasks. The intended outcomes of action 
behaviours are the successful and effective implementation of the plan 
as well as the safety of firefighters and the public. 
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5.1.1.5 Review 
Decision makers must continually review the incident risk and 
anticipated outcome(s) against the actual incident progression. Any 
discrepancies between anticipated outcomes and actual incident 
progression need to be identified at an early stage and changes 
implemented to bring the incident back on track. 
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5.2 Situational Awareness 
5.2.1.1 Size-Up 
There are several factors that can influence the quality of situational 
awareness, and ultimately the decision strategy, such as: 

• Information overload; 
• Stress; 
• Cognitive biases; 
• Assumptions or expectations; 
• Inconsistencies in values and/or procedures; and 
• Confidence 

How is it that even experienced, highly professional firefighters 
can miss important cues that would alert them to risk? 

The two-fold process of gathering information to generate good overall 
situational awareness followed by setting appropriate objectives and 
tactics, in the two incidents shown in Figure 3 and Figure 4, are rather 
straight-forward for both the firefighters and the incident commander to 
achieve. This is because the critical incident factors listed below are 
visible for all to see, evaluate and understand.  
Rescue: A car has 
knocked over a utility 
pole. Fallen electricity 
wires cover the vehicle 
while fuel leaks from the 
ruptured fuel tank. 
Rescuers would not dream 
of attempting a rescue 
without neutralizing these 
dangers, to the benefit of 
both rescuer and victim.  
 
 
  

Figure 3: Situational awareness during a rescue 
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Hazmat: There is a 
chemical leak on a wharf. 
A shipping worker lies 
nearby, overcome by the 
fumes. Rescuers ensure 
that they are adequately 
protected before 
attempting a rescue, 
regardless of how long 
this may take.  
In contrast, sound 
situational awareness can 
be difficult to achieve and 
maintain during fire-based 
incidents. Such awareness 
is often reliant on the ability of others (e.g., firefighters inside the 
building) to obtain and communicate critical information. Both 
firefighters and incident commanders need to secure answers to three 
important questions: 

1. What signs are important in building proper situational 
awareness?  

2. How should these signs be evaluated? 
3. How—and importantly, how quickly—is the situation likely to 

progress? 
This aforementioned information must be accurately communicated for 
the incident commander to make a full evaluation of the incident and to 
develop an appropriate tactical plan that is aligned to the incident 
objectives. 

5.2.2 Time to Flashover 
In the 1970s, the average time from the initiation of a smoke detector 
to the point of flashover was 17.5 minutes. Tests conducted in 2007 
showed that the average time to flashover was between 4 and 4.5 
minutes and, in some cases, as low as 3 minutes.  
Changes in the contents found in most structures (both residential and 
commercial) from a predominately natural composition to a 
hydrocarbon-based synthetic composition have resulted in a drastically 
reduced window of opportunity to undertake interior firefighting 
operations.v  

Figure 4: Situational awareness during a hazmat 
incident 
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Figure 5: Hydrocarbon based fuel load 

What happens when firefighting strategies, tactics and tasks 
are based on invalid fire-behaviour models or those of the 
past? 

How does relying on these faulty models affect our ‘window 
of opportunity’ for achieving our objectives? 

5.2.3 Thermal Protective Performance - False Security 
As the overall fire environment has changed over time due to modern 
construction and high heat release rate (HRR) fuels, the fire service has 
responded by improving firefighters’ personal protective equipment 
(PPE) to increase thermal protective performance. This improved PPE 
shields firefighters from thermal insult for a longer period of time—but 
may also create an illusion of infallibility in a rapidly developing thermal 
environment, especially if there is simultaneous sensory deprivation. 
Many firefighters are unaware of the amount of heat to which they are 
subjected and their actual risk of injury. 
Those continuing to advocate that firefighters should wait to ‘feel the 
heat’ to indicate their level of safety should read and remember the 
following statement: the equipment firefighters use to protect 
themselves or work in these superheated environments is only designed 
to operate at Thermal Class III for a maximum of 5 minutes. This 
equates to 260°C (500°F) degrees or less, and a measured heat flux of 
10kW/m2 or less, before their PPE and other equipment begin to fail. 
Researchers and product developers have divided the environments in 
which firefighters operate into four thermal classes, as shown in Figure 
6. It is important to note that these thermal classifications account for 
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neither the effects of convection nor the dangers of rapidly changing fire 
conditions. The heat transfer rate vs. safe operational time may be 
significantly reduced in high convective flows as well as during rapid fire 
developments (RFDs).vi 

 
Figure 6: Thermal classes 

The following quotes were taken directly from the Fire and Emergency 
Manufacturers and Services Association (FEMSA) User Information 
Guidevii, which is included with every brand-new set of Firefighter 
Protective Garments. The following information should be read and 
understood by all firefighters. 

• “If your protective ensemble is exposed to radiant, convective, or 
conductive heat, you may be burned underneath with no warning 
and no sign of damage to the protective ensemble. Be constantly 
alert to the possibility of exposure to radiant, convective, or 
conductive heat and other hazards.” 



13 | P a g e  
 

• “Burns are a function 
of time and amount 
of heat transferred 
to the body. You can 
be burned in 
relatively low 
temperature 
environments if your 
protective ensemble 
is exposed to heat or 
flames long enough. 
Similarly, you can be 
burned over a very 

short period of time 
if your protective 
ensemble is exposed to relatively high temperatures.” An example 
would be exposure to a Thermal Class II Environment of 320°F for 
15 minutes. 

• “Heat can build up and be stored in your protective ensemble 
element to the point that where your skin burns. Your skin burns 
at temperatures far below the burning point of your protective 
ensemble. Do not be misled by absence of thermal damage to 
your protective ensemble. Even without such damage, you may 
still be burned suddenly and without warning.”  

• “Convective Heat Burns: Convective heat is transferred by hot 
gases. You do not have 
to come into contact 
with flames in order to 
be burned. If your 
protective ensemble is 
exposed to heated air 
or gases at a fire scene 
you can be burned.” 
Notice the convective 
current coming out of 
the doorway on the left 
of Figure 8. This can be 
compared to cooking in 
a convection oven. A convection oven cooks food in half the time 
of a conventional oven due to the movement of heated air. If 

Figure 7: PPE heat saturation 

Figure 8: Convective heat currents 
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firefighters fail to control the flow path and fail to cool the 
superheated areas into which they are heading, they are 
essentially crawling into a convection oven.  
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5.3 Decision Strategies  
5.3.1 RECEO-VS 
The amount of time available for discretionary decision making during 
an emergency is typically very limited. In fact, research conducted by 
Klein (2008)viii showed that when incident commanders need to make a 
decision, they quickly match the situation to the patterns they have 
learned, whether from previous incidents, or from training or 
procedures.  
The acronym “RECEO-VS” (Rescue, Exposures, Confine, Extinguish, 
Overhaul, Ventilate, Salvage) has typically been employed to manage 
the lack of discretionary time in determining strategies and tactics. 
Previously, the need to rescue often dictated whether or not firefighters 
entered a burning structure, and what actions they undertook once 
inside. In other words, the need to fulfill a listed (and valid) objective 
has often meant that the fire itself, and its presentation on arrival were 
not the key considerations in formulating tactics.  
Characteristics of the rescue situation, such as the crew’s level of 
experience or the commander’s intuition and analysis, have led to key 
indicators of RFDs being ignored because the fire indicators conflicted 
with other objectives.  
Changes to fire service organizational values, driven by LODDs, injuries 
and more recently, the International Association of Fire Chiefs (IAFC)ix 
Near Miss reports, emphasize risk management in our approach to 
decision making. These events have led to an evolution in our 
understanding of Risk Management Principles.x 
The goal of this change in organizational values is to reduce needless 
injuries and deaths by enabling better command decisions and by 
increasing command confidence. This requires improved on-scene 
pattern-matching associated with the available time and level of 
experience of personnel. The following three Risk Management 
Principles form the foundation on which on-scene decisions must be 
made.   
5.3.1.1 Significant Risk  

Significant Risk: Risk a life to save a life. 

Activities that present a significant risk to the safety of personnel shall 
be limited to the situations where there is the potential to save 
endangered lives. 
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5.3.1.2 Inherent Risk  

Inherent Risk: Calculated and weighted risk to save valued 
property. Risk a little to save a little. 

An inherent risk to the safety of personnel is recognized in activities that 
are routinely employed to protect property. These risks shall be 
recognized and actions shall be taken to reduce or avoid them. 
5.3.1.3 No Risk  

No Risk: No risk to save what is lost. 

No risk to the safety of personnel is acceptable when there is no 
possibility of saving lives or property. 

5.3.2 Analyzing Risks 
Let us begin by examining some of the potential dangers and associated 
risks that exist to both firefighters and occupants: 

• Structural impacts: entrapment and collapse; 
• Smoke: toxic, debilitating, lack of visibility and disorientation; 
• Air: asphyxiation due to lack of oxygen or increased oxygen 

resulting in RFD; 
• Heat: burns; and 
• Flame: continued danger of fire spread and/or RFD. 

Any one of these dangers increases the potential of serious injury or 
death. 
Given that life safety is the top priority at any incident, it is important 
not to lose sight of how best to achieve this objective. In the absence of 
confirmed viable occupants, it is vital to find, control, attack and 
extinguish the fire as quickly as possible. This is ideally achieved by the 
first hose crew that enters the structure. Quite often, this is also the 
best tactical decision when viable occupants are present, as fire control 
may better enable rescues and reduce the risk to trapped victims. 
Regardless of the assigned priorities of on-scene crews, a fire attack 
crew should never ignore a victim and a rescue or search crew should 
never ignore a fire.  
Equally, the building factors that may drive fire growth, and their impact 
on the capacity of structural elements to support imposed loads, require 
regular assessment for collapse potential.  
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5.4 Planning 
5.4.1 Rules of Engagement 
Optimizing the tactical response to strategic priorities is best achieved 
through a set of rules of engagement that support the incident strategic 
priorities.  
Rules of engagement are predicated on the presence of occupants and 
their survivability profile, fire conditions, building stability and available 
crew resources and capabilities. 

 
Figure 9: Rules of Engagement for firefighters to apply to strategic objectives 

Rules of Engagement have traditionally been used by both the military 
and law enforcement to provide the critical rapid assessments needed to 
address threats to life safety. In the fire service, firefighting strategies 
have traditionally been divided into offensive and defensive strategic 



18 | P a g e  
 

modes, and any given tactic has been associated with one or the other. 
It is important, however, to realize that while a strategic objective may 
well be associated with either of these modes, a given tactical 
application can be used in either an offensive or a defensive mode.  
Figure 9 shows how traditional strategic modes relate to our strategic 
objectives. Each of these objectives have associated Rules of 
Engagement that apply to fire ground operations, indicating when the 
strategic objective is to be addressed (shown below). Moving from the 
strategic to the tactical level, it is often best to regard a tactical 
application as independent from the strategic objective, allowing for 
better and more specific decision making on the fire ground. 
Associated with the Offensive Strategic Mode are three strategic 
objectives. Their rules of engagement are defined below: 

Evacuation: Confirmed occupant loads requiring immediate 
evacuation from a building threatened by rapid fire 
development or structural collapse. 

Rescue: Viable occupant(s) in known or suspected 
location(s) requiring immediate rescue. 

Fire Attack: Possible occupant(s) in unknown location(s) 
requiring rapid fire extinguishment/control to support 
primary search and ventilation operations and/or property 
conservation requiring rapid fire extinguishment/control to 
prevent additional loss. Fire conditions and building stability 
support interior operations. 

The Defensive Strategic Mode also has three strategic objectives, 
shown with their rules of engagement here: 

Confine (Surround and Drown): Building instability or 
extent of fire conditions preclude interior operations. 

Protect (Exposures): Extension of fire to exposures is 
foreseeable and requires mitigation. 

No Attack: Due to the products involved in the fire, or 
imminent situational hazards, the best option is to allow the 
fire to continue to burn. 
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5.4.2 Tactical Priorities 
A tactical plan must prioritize the consideration to control or neutralize 
any dangers. When multiple high-priority tasks must be accomplished 
sequentially, fire control should be the first priority. Rescue of trapped 
occupants is the first strategic priority, but not necessarily the first 
tactical priority.  
More people are saved by a well-placed and advanced hoseline than by 
any other tactic. Controlling the fire removes the hazard from the 
victim, which is much more efficient than trying to locate and remove 
the victim from the hazard.  
When high-priority tasks can be accomplished simultaneously, it is 
important to support and protect the rescue or search operations using 
hoseline(s) and flow path management. 
Ignoring the fire during search and rescue operations is a recipe for 
disaster. If the fire is extinguished early enough, there will be less 
smoke, heat, flame and potential for RFD and its associated dangers. 

5.4.3 Incident Management and Action Plan 
Finally, as it relates to planning, the management of the life, fire and 
structural-priorities (and their associated risks) requires sufficient crew 
resources. These must be supported by an appropriate incident 
management structure in order to employ crew capabilities to the 
optimal effect within the declared incident action plan (IAP). 
A good IAP ensures that: 

• Rules of Engagement are adhered to (objectives and risk level are 
declared); 

• Chain of command is clear; 
• Tactical assignments match the risk; 
• Contingencies and rapid intervention team (RIT) are included; 
• Plan is communicated to all parties; and 
• Plan is updated against ongoing risks. 
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5.5 Action  
5.5.1 Non-Negotiables 
The appropriate actions of firefighters with respect to managing the 
dangers in the workplace are dependent on firefighters receiving: 

1. Theoretical training in modern fire dynamics;  
2. Realistic (practical) live-fire training incorporating the tactics and 

techniques of safe and effective structural firefighting along with 
TIC use and limitations; and 

3. Ongoing maintenance of this theoretical and practical training. 
Officers of all levels must demand compliance with the following five 
basic non-negotiable actions when engaging in interior operations at 
every fire. The non-negotiables are described further below. 
5.5.1.1 Use of a Thermal Imaging Camera (TIC) 
A TIC, whenever available, should be used during size-up and when 
locating the fire, evaluating conditions, detecting flow path(s), directing 
control measures, searching for victims and assisting in overhaul 
operations. 
While it is recognized that TICs may not always be available to every 
crew in every department, the aim of this document is to provide 
direction on best practices. Ideally, every crew should have access to, 
and be required to use, an NFPA 1301 compliant TIC. As such, TIC use 
is included here as a ‘non-negotiable.’ 
5.5.1.2 Stay Low 
Staying low upon entry is not just about avoiding the heated 
atmosphere. Staying low will provide better visibility, which will allow 
you to locate the fire, monitor overhead smoke conditions, identify 
hazards or obstructions, and offer the best position for water 
application. Remaining low makes it easier to search using a TIC and/or  
a tool and your body to sweep the environment, while sounding the 
floor and spreading your weight over the floor surface—thereby 
increasing points of contact and avoiding falls. 
5.5.1.3 Control the Flow Path  
Controlling the flow path is of paramount importance in restricting the 
air reaching the fire and feeding its development. Conduct a VP = BE + 
SAHF assessment prior to door entry or other tactical ventilation and 
monitor conditions continually. 
5.5.1.4 Smoke and Surface Cooling 
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Cooling smoke (as 
shown in Figure 10) is 
one means of 
maintaining a safe 
environment, while 
surface cooling is 
another. Both 
techniques require 
temperature checks 
upon entry and 
throughout the 
advance to confirm 
that hose handling, 
water application (fog, 
straight stream or 
solid bore), and flow rate are having the desired safe zoning effects. 
These effects include inerting and displacing smoke, cooling smoke 
below its auto-ignition temperature, contracting the volume, and cooling 
fuel surfaces and un-involved fuel to stop pyrolysis and flaming 
combustion. If the desired result(s) is not produced, firefighters should 
withdraw and reassess the approach. 
5.5.1.5 Put Water on the Fire at the Earliest Opportunity 
Putting water on the fire at the earliest opportunity is the most effective 
way to slow fire development and reduce risk. The selected method of 
fire attack and advance, whether commencing from the exterior or 
interior, is dependent on a firefighter’s proficiency in hose handling and 
water application. It is of utmost importance that the lowest level of fire 
in a structure is recognized and the tactics are employed to control the 
lowest level of burning. Fight the fire at its lowest level. 

5.5.2 Tactical 360° and Gaining Entry 
Before firefighters gain entry to the compartment, in addition to 
conducting a visual size-up, they should ensure that a tactical 360° 
assessment of the exterior conditions has been carried out using a TIC.  
The tactical 360° provides the opportunity to determine the location and 
severity of the fire, spot thermal cues of RFD and identify the flow 
path(s). Concurrently, one can identify critical fire ground factors (e.g., 
a below-grade fire), which may go visually unnoticed. It is of utmost 
importance that the lowest level of burning is identified. The crew must 

Figure 10: Smoke cooling 
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also identify the potential for failing windows and doors or other 
compromised elements of the building envelope. 
Additionally, the crew can close open doors to control fire growth, 
control utilities as they proceed through a structure and choose and 
direct access points for fire attack and stream placement. 
The use of a TIC also enhances the possibility of locating a victim(s) and 
possibly removing an occupant(s) who may be just inside a door or 
hanging out of a window. 
In some instances, the first due officer may choose to commence the 
tactical 360° by opening the front door to make a quick check for 
victims, note the location of the fire if possible, confirm the layout of the 
home and then close the door (life-fire-layout sweep). Alternatively, the 
door remains closed and the tactical 360° commences with visual and 
TIC measurement of Side A (Side 1), noting the distance to the building 
as well as temperature.  
The incident commander or first due company officer then completes 
the tactical 360° and compares the initial view of the incident to the 
current view to predict fire growth, severity and direction of travel.  
This information is then factored into the IAP to establish the strategic 
objectives and tactical assignments that are communicated to the 
operating companies. 

5.5.3 Prior to Entry 
Upon completion of the tactical 360°, it is important to note the 
temperature of Side A (Side 1) and compare it to the initial temperature 
measurement at the start of the tactical 360°. Crews should ensure that 
the distance to the structure is the same to ensure consistent 
temperature comparison, and that they are within the optimal range of 
the TIC. They should next look for heat signatures on the top of 
windows and doorframes, as the frames often indicate thermal cues.  
Prior to opening the front door, it is important to be in control of the 
opening and to mitigate the immediate environment: 

1. Determine the direction the door opens and position accordingly.  
2. Using the nozzle, coat the door in water. The level of evaporation 

may be a clue to heat conditions and the height of the smoke 
layer.  

3. Using the nozzle, wet all surfaces above the doorway. This will 
cool surfaces and steam production will dilute the first escaping 
gases as you open the door to prevent smoke ignition. Always 
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ensure smoke that has collected overhead (such as in a hallway or 
enclosed veranda) is cooled prior to opening the fire enclosure. 

4. After applying water to the area outside the opening and 
cooling/diluting any smoke, open the door long enough to insert 
the nozzle and direct an appropriate pulse into the upper layer, 
and observe conditions both visually and with the TIC. Confirm 
thermal data at floor, waist and overhead levels. 

 
Figure 11: TIC use prior to entryxi 

5. Identify the flow path, location and severity of the fire. Look for 
cold spots (areas of low pressure), as this is where the fire may 
travel next, and any signs of a victim(s).  

6. Direct the hose stream across the floor to create a temperature 
contrast for the TIC while clearing any sharps. This provides 
firefighters visible cues as to the heat, air flow and surface 
conditions ahead of where they are operating. The application of 
water accentuates holes or compromised flooring while 
simultaneously highlighting obstacles (e.g., furniture, walls). 
Water evaporation supplies information on overhead heat, air flow 
and direction. Follow up with additional fog pulses overhead. 
Then, close the door, wait a few seconds, open the door to 
reassess and reapply water as needed. 

7. Decide to enter or remain outside based on the Go/No-Go Criteria. 
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5.5.4 Entry: Go/No-Go Decision Making 

Go/No-Go Decision Making: A decision model for tactical 
advance within a structure based on data and evidence 
rather than opinion. This decision model requires the use of 
an NFPA 1301-compliant thermal imaging camera. 

The Go/No-Go decision model evaluates four key factors:  
• Smoke height (neutral plane at an opening or interface height 

within the structure); 
• Air velocity (degree of smoke turbulence and entrainment of 

steam from wetting of the floor); 
• Heat (thermal data such as TIC temperatures of ≥260°C (500°F) 

of the overall space in front of the firefighter; pyrolysis; water 
applied to the floor for contrast and rate of evaporation; TIC data 
loss due to over temperature or saturation); and,  

• Flame (flash fires such as vent ignition, rollover and pockets of 
flame). 

  

Figure 12: Go/No-Go decision makingxii 
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The model is a decision-making tool used to assist company officers and incident 
commanders in recognizing the potential for extreme thermal conditions prior to 
tactical advance into or within a structure. Keep in mind that a ‘No-Go’ decision 

based on the Go/No-Go criteria does not mean never go; it simply means we must 
mitigate these conditions prior to moving forward, bringing them in line with a ‘Go’ 

decision.  

Figure 12 indicates the Go/No-Go requirements for a ‘Go’ decision.  
5.5.4.1 Gaining Entry 
Any one of the following observations would be indicative of a ‘No-Go’ 
condition, and must be mitigated prior to tactical advance into or within 
a structure:  

1. Smoke: Rapidly descending smoke layer; 
2. Air: Turbulent high velocity smoke; 
3. Heat: Temperatures at or above 260°C (500°F) of the overall 

space in front of the firefighter; pyrolysis; rapid evaporation of 
water applied to the floor; loss of contrast or TIC function due to 
saturation or over temperature; and 

4. Flame: Propagating flash fires. 
5.5.4.2 Smoke and Air 
The neutral plane is a valuable 
indicator of a fire’s growth, 
location and area where the fire’s 
intake and exhaust are separated. 
The neutral plane may not be 
easily visible to the naked eye, 
except from the exterior. A TIC 
can identify the neutral plane and 
is often the only way to do so 
within a fire compartment that has 
heavy smoke conditions. Figure 13 
shows a bi-directional flow with 
mixing around the neutral plane. 
The firefighters in this image are 
advancing into a bi-directional flow 
below, exhausting superheated 
smoke. The use of a TIC as part of the Go/No-Go Decision Making Model 
increases awareness of interior conditions to avoid operating within the 
heated exhaust at an opening. 

Figure 13: Bidirectional flow 



26 | P a g e  
 

A smoke layer that is rapidly collapsing/descending is indicative of fire 
growth, and is often accompanied by turbulent smoke due to relatively 
high air velocity. It is also an indicator that the fire conditions may 
convert an inlet opening into an exhaust. Firefighters operating in a 
unidirectional exhaust are exposed to unacceptable risk of serious injury 
or death, and many have perished under these circumstances.  
As temperature increases, there will be a corresponding increase of air 
entrainment and risk of RFD. Given this, it is critically important to 
restrict air through door control or by hanging a smoke curtain to delay 
or limit fire growth.  

 
Figure 14: Importance of the neutral plane and controlling the air 

5.5.4.3 Heat and Flame: Thermal Data and TIC Function 
Unrestricted air results in exponential growth of the fire. PPE will not 
withstand the combined radiative and convective heat transfer for very 
long without thermal insult (PPE begins to char at 300°C (572°F), and 
polycarbonate SCBA lenses begins to melt at 230°C (447°F)).  
Fire-service TICs read ‘apparent temperatures,’ which are estimates 
based on a pre-set emissivity (which is 0.95 in most fire-service TICs). 
These apparent temperatures are to be used from a qualitative 
perspective and not from a specific numeric value, as an apparent 
temperature reading of 260°C (500°F) is often indicative of a much 
higher gas temperature.  
Due to the limitations of PPE and TIC function, a benchmark 
temperature of 260°C (500°F) in the overall space in front of the 
firefighter is used as a benchmark for Go/No Go criteria. 



27 | P a g e  
 

Other thermal data must also be assessed to evaluate heat conditions 
such as pyrolysis; rapid evaporation of water applied to the floor; and 
loss of contrast or TIC function due to saturation or over temperature 
range. Pyrolysis of compartment finishes and furnishings or the rapid 
evaporation of water applied to the floor are both signs of significant 
heat energy. The loss of contrast or TIC data means the environmental 
temperature is moving beyond the capabilities of the TIC. 
Where possible, mitigating conditions should 
be undertaken by water application and air 
restriction to cool the local environment to 
below 260°C (500°F). It is important to 
constantly test the effectiveness of your 
control measures. This can be achieved 
through visual observation and by changing 
the position of the focal point of the TIC to 
points in front of, above and behind your 
position. Moving the focal point allows one to 
more accurately observe the thermal severity 
of the environment and determine the 
conditions faced.  
The Go/No-Go decision-making model is not 
only useful when firefighters are entering a 
structure. When used properly, it should also 
serve as a guide prior to advancing within a 
fire compartment. A trained crew leader should scan the environment 
the crew members are about to enter with a TIC, mitigate the Go/No-Go 
variables, clear any obstacles, and move to the next designated point 
within the area that was just cooled. This process should be repeated as 
the crew advances through a compartment or when they enter one 
compartment from another.  
Table 1 lists the different thermal classes (shown graphically in Figure 
6). A crew might move from one threshold to another threshold of a 
room, mitigate the environment in front of them, and then move 
forward. This does not guarantee that conditions will not worsen, but 
with the use of technology and training, it creates a more stable 
environment (Thermal Class II) in which PPE is meant to function for 
longer durations without thermal insult. 
Once these variables have been addressed, firefighters should see: 

• A rising smoke layer; 

Figure 15: Application of 
Go/No-Go decision-

making criteria 



28 | P a g e  
 

• Slower moving smoke; 
• Thermal data below 260°C (500°F), reduced pyrolysis, and well-

defined contrast; and 
• No flash fires. 

Table 1: Thermal classes 

Thermal Classes Temperature Heat Flux Time 

Routine: I <100° <1 kW/m2 ≤25 min 

Hazardous: II <160° <2 kW/m2 ≤15 min 

Extreme: III <260° <10 kW/m2 ≤5 min 

Critical: IV <1000° <100 kW/m2 ≤1 min 

By using this model, not merely at the access point, but also as they 
transition through the structure, crews can maintain a thermally 
survivable environment. 
Each compartment environment should be mitigated to fall within range 
of our Go/No-Go decision making model. 

5.5.5 Interior Operations 
When inside a compartment, firefighters must keep constant vigil with a 
TIC and utilize the SAHF indicators as a check of their surroundings, by: 

• Observing the smoke conditions overhead; 
• Maintaining a position outside the flow path or taking refuge from 

it; 
• Paying attention to pyrolysis and other indicators of increasing 

heat; and 
• Watching for flame development in front of, above and behind 

their position. 
The nozzle operator will check above and in front while the second TIC-
equipped crew member will check in front, above and behind. Constant 
communication among team members is essential to ensure safe and 
progressive movement throughout the compartment. 
5.5.5.1 Checking Thermal Conditions 
Ideally, interior operations should always be conducted with a TIC. If a 
TIC is unavailable, or if TIC data is lost but the team has assessed and 
mitigated the neutral plane level and smoke/air velocity as required, 
firefighters should continue to attempt to assess conditions using a 
variety of methods. These can include evaluating SAHF indicators; 



29 | P a g e  
 

applying water and watching and listening for its effects; observing 
steam production at floor level due to radiant heat; and watching for 
signs of pyrolysis or flash fires in the compartment.  
Based on the SAHF indicators, firefighters inside a compartment should 
ALWAYS consider the following three options: 

1. Maintain position: Protect one’s position using smoke or surface 
cooling techniques; 

2. Move forward: Cool smoke with short or long pulsations or flow 
and move or stop and move surface cooling techniques; and 

3. Withdraw: If conditions deteriorate, firefighters should withdraw 
while protecting themselves using smoke and/or surface cooling 
and consider an attack from a safe location.  

Remember: Every entry made will most likely be different. It may be a 
standard door, an overhead door or a sliding door. Regardless, the 
concepts of safe door entry do not change. Firefighters must always 
effectively manage the smoke within a compartment while controlling 
the access of fresh air from outside. 
Upon entering the enclosure, firefighters should ensure that they move 
out of the doorway while observing the smoke/air track and conducting 
condition checks at all times. These steps should be followed 
immediately, by discharging further pulses into the upper layer using 
short and long pulses for smoke cooling or use surface cooling as 
required by the conditions.  
When smoke cooling to advance, each pulse should be directed into a 
different position within the upper layer, thereby gaining the maximum 
cooling effect on the smoke using the least amount of water. Care 
should be taken to avoid sweeping actions that disrupt and reverse the 
thermal layering in the compartment. The nozzle operator must strike a 
fine balance between placing an adequate amount of water-fog into the 
upper layer while avoiding over-drenching. This can only be achieved by 
reading each situation as it evolves. 
When surface cooling to advance, evaluate the optimal position, nozzle 
pattern and technique to maximize or minimize air entrainment based 
on ventilation conditions and flow path. Use a narrow fog or straight 
stream flow and move technique if the fire location is known. If a shut 
down and move technique is used, water should be applied every 10 to 
15 seconds to control the HRR and regrowth of the fire.  
Both smoke and surface cooling techniques are intended to provide a 
safer means of progression to the source fire. The objective is to 
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manage the radiation and conduction from the hot smoke layer. The 
reach and penetration of the chosen technique should be continually 
assessed. This ensures a safe standoff distance from the fire to monitor 
changes in the ventilation conditions within the compartment. The use 
of a TIC will greatly enhance this assessment and guide the Go/No-Go 
decision to advance.  
Remember that TICs do not read smoke temperatures; rather, they 
read surface temperatures and some convective heat currents. Smoke 
temperatures are typically much hotter than those represented on the 
TIC. It is important to utilize all available SAHF indicators in conjunction 
with TIC thermal data (i.e., temperature, sensitivity mode and colour 
palette) to evaluate thermal conditions. 
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5.6 Using Water to Suppress and Extinguish Fire 
5.6.1 Why use water? 
Water is the most commonly used suppression and extinguishing agent 
for several reasons: 

1. It is readily available and relatively inexpensive;  
2. It is easily conveyed (it can be moved efficiently in large 

quantities); and 
3. Its physical properties make it particularly effective at removing 

heat. 

5.6.2 The properties of water  
It is therefore important to review the suppression potential of water 
and how it is used to control and extinguish fire.  

Suppression Potential: The potential of removing heat or 
energy from the fire. 

Water is applied in a liquid form to the fire and is vaporized into steam. 
Imagine that we place 1 L of water, in the form of droplets, into a hot 
smoke layer to cool it and change its flammability. Smaller droplet size, 
and therefore increased total surface area of the droplets, speeds heat 
absorption and increases the efficiency of the applied water. 
Three physical properties of water affect how heat energy is absorbed: 

1. Specific heat of water; 
2. Latent heat of vaporization; and 
3. Specific heat of steam. 

5.6.2.1  Specific Heat of Water  
A known amount of energy is required to raise the temperature of a 
known mass of water. This value is known as the specific heat of 
water. When water is used to cool fire gases (i.e., smoke), water 
droplets are placed in the smoke layer. Energy will be transferred from 
the smoke to the cold water droplets until the water reaches a 
temperature of 100°C (212°F). This value is 4,186 J/kg°C 
(approximated to 4.2 kJ/kg°C), as shown in Figure 16. 
5.6.2.2 Latent Heat of Water (Vaporization) 
Water will absorb considerably more energy from smoke as the hot 
water vaporizes to steam. The rate that energy absorbed is during this 
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change of state (liquid to vapour) is known as the latent heat of 
vaporization, and it has a value of 2,260 kJ/kg.  
5.6.2.3 Specific Heat of Steam 
When the steam is dispersed into the smoke layer, more energy will be 
absorbed from the smoke layer. The result will be a rise in the steam’s 
temperature. This energy absorption is known the specific heat of 
steam. This value is 2,080 J/kg°C (approximated to 2.1 kJ/kg°C) 

 
Figure 16: Specific heat of water and latent heat of vaporization 

When water is used to absorb heat from a fire, this normally results in 
both a change of temperature and a change of state.  
To calculate the heat required to raise the temperature of water, the 
following equation is used: 
Heat absorbed = mass (kg) x specific heat x temperature change 
The following equation is used to calculate the heat absorbed during a 
change of state:   

Heat absorbed = mass (kg) x latent heat 
5.6.2.4 Example Calculation 
Water emerges from a nozzle at 10°C and is converted by the heat from 
the fire into steam at 200°C. If 1 L (1 kg) of water is applied, how much 
heat is removed from the smoke layer? Remember that: 

• Specific heat of water = 4.2 kJ/kg°C  
• Latent heat of vaporization of water = 2260 kJ/kg  
• Specific heat of steam = 2.0 kJ/kg°C  
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This calculation must be made in three steps: 
1. Calculate the heat absorbed to raise the temperature of water 

from 10°C to 100°C: 
Q1  = 1 x 4.2 x 90  

= 378 kJ    
2. Calculate the heat absorbed to change water at 100°C to steam at 

100°C: 
Q2 = 1 x 2260  

= 2,260 kJ             
3. Calculate the heat absorbed to raise the temperature of the steam 

at 100°C to 200°C:  
Q3 = 1 x 2.0 x 100  

= 200 kJ           
The amount of heat removed from the smoke layer is: 

Total heat = Q1 + Q2 + Q3 = 2,838 kJ  
Therefore, 1 L of water sprayed onto the fire removes about 2,838 kJ of 
heat. A nozzle at 570 L/min (150 gpm) delivers 1 kg (2.2 lbs) of water 
in slightly under a tenth of a second. 
Both specific heat and latent heat are properties of a given material. In 
other words, every time the material is heated or cooled—no matter 
how quickly or by what heating process—the same amount of heat 
energy is transferred to reach the same state. 
In the sample calculation above, the energy required to heat water from 
10°C to the boiling point of 100°C is 378 kJ. This is very little in 
comparison to the energy required to evaporate the boiling water, which 
is 2,260 kJ. 
If heating 1 L of water to its boiling point and converting that water to 
steam represents a total suppression capacity of 2,638 kJ/kg, we see 
that simply warming the water to 100°C without converting it to steam 
is, at most, only 14% as efficient. Therefore, most water on the floor of 
a fire scene has, at best, been used to 14% of its capacity, and was 
likely less efficient than that. The conversion process from 100°C water 
into 100°C steam, which is a change in state, absorbs six times more 
energy than simply heating water until it reaches 100°C. 
If we can heat evaporated water even further, we may absorb some 
extra energy. Heating of water vapour requires 2.0 kJ/kg°C. Thus, 
steam heated an additional 300°C to 400°C absorbs 600 kJ/kg of 
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additional energy.  These properties of water are used regularly, to 
varying degrees of efficiency, when putting out fires.  

5.6.3 Five Ways Water Puts Out Fire 
There are five means by which the heat capacity of water may be used 
to attack fire, as shown in Figure 17. Water can be used to: 

• Cool hot surfaces to create steam to render the atmosphere inert; 
• Cool smoke, causing it to contract; 
• Cool flames and therefore extinguish them; 
• Cool fuel surfaces to stop the process of pyrolysis; and 
• Maintain cool temperature of fuel surfaces not yet involved in fire. 

 

Figure 17: Five ways to put out fire 

5.6.4 Where to Evaporate Water 
Three important considerations link water application to energy 
absorption: 

1. Heat energy is fundamental to the process; 
2. Fire consists of two energy components, which include fuel-gas 

generation at surfaces and flaming combustion; and 
3. Water has an excellent capacity for absorbing heat energy.  

Taken together, firefighting becomes an exercise in combining methods 
of water application to address energy absorption in an optimal 
manner. These application methods can be grouped under three main 
categories: 
• Direct application; 
• Indirect application; and, 
• Smoke-cooling application. 
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A Note to Instructors and Students 
North American practice has traditionally distinguished 
between ‘Indirect Application’ and ‘Combination Application’ 
as separate methods of water applicationxiii,xiv based on 
different nozzle techniques. In contrast, European practice 
has traditionally grouped methods of water application based 
on its intended result. These two approaches have resulted in 
conflicts in terminology and consequently, widespread 
miscommunication of ideas and misunderstanding of 
practices. For the purposes of the current text, we have 
chosen to adopt the European nomenclature based on the 
concept of the intent of water application. 

The intent of Layman’s water application technique was to maximize 
steam production by aiming water into the smoke layer. Subsequent 
work by Royer and Nelsonxv served to improve the efficiency of steam 
production by striking hot surfaces, fuel surfaces and the smoke layer. 
In practical terms, both are indirect applications and differ only in their 
efficiency of steam production to suppress the fire. 
Smoke cooling should not be confused with indirect application.  Smoke 
cooling is characterized by the application of water to the smoke layer in 
such a way as to minimize steam production while maximizing heat 
absorption. The effect is to contract and dilute the smoke layer in order 
to drop it below its flammable range and lower its temperature.  
Smoke cooling and surface cooling (Direct Application) can also be used 
together. Smoke cooling slows RFD and enables approach, while surface 
cooling (Direct Application) can be used to stop pyrolysis. It is also 
useful to combine surface cooling (Direct Application) and the use of 
water as a gaseous agent (Indirect Application). Surface cooling stops 
pyrolysis, while the steam decreases the flaming combustion. 

Based on the aforementioned understanding of the intent of water 
application, and for the purpose of our learning outcomes, we have 
adopted the use of the terms Direct Application, Indirect 
Application and Smoke Cooling as our three methods of water 
application. 
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5.6.5 Flow Patterns: Straight Stream, Spray or Fog 
Regardless of the method(s) chosen, it is important for the student to 
understand the intent of their application and recognize that any water 
application has theoretical limits. 
Surface Area-to-Mass Ratio (water): The ratio of surface area to 
total mass of an object. As the water particles become smaller or more 
finely divided, the ratio of surface area to mass increases and the water 
is able to absorb more heat, accelerating its vaporization. 
Solid Bore or Straight Stream: Straight streams have the advantage 
of allowing a greater projection of water, and penetrating deeper into 
the fire. They are generally used for direct attack and for exposure and 
exterior fire control, allowing crews to work from a safe distance. 
Spray: Described as a stream made up of droplets. In comparison to a 
straight stream, a spray pattern has increased heat absorption due to 
its greater surface area.  
Fog: A fog pattern produces finely divided, distinct water droplets that 
vaporize readily due to their large surface area. The fog pattern is used 
to cool smoke and in indirect applications. 

5.6.6 Water Application 
5.6.6.1 Direct Application 
Intent 
The intent of direct application is to suppress and extinguish a fire by 
direct surface cooling of the burning combustibles using a straight 
stream or spray. Ideally, this method is used when the fire is developing 
or in decay. By necessity though, it is also used during interior advance 
and defensive operations when high flow is required, usually from a 
distance. Likewise, it is used during exterior control. 
Nozzle Setting and Actions 

• Select solid bore/straight stream or spray pattern to suit the fuel 
or surface area. 

• Adjust the rate of movement to minimize or maximize air 
movement based on the fuel and ventilation conditions. 

• Apply an unbroken pattern directly to burning fuels if the  
compartment/room is unvented opposite the attack line. 

• Apply an O, T, Z or n pattern from a distance if the 
compartment/room has a vent opposite the attack line. 

• Adjust flow rate to suit intensity and volume of fire. 
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Effect 
• Cools the surface below the temperature at which combustion can 

occur.  
• Can be used to stop pyrolysis.  
• Care must be taken to avoid excess water damage.  
• Care should be taken not to disturb embers that can become 

ignition sources. 
• Can hold or redirect smoke flow away from an advancing crew or 

to a desired opening. 
• Can entrain air into the fire compartment increasing HRR or 

disrupt the flow path.  

 
Figure 18: Interior direct attack  

5.6.6.2 Indirect Application 
Intent  
The intent of indirect application is to suppress a fire by creating large 
amounts of steam. This has the joint effect of gas/surface cooling, 
excluding oxygen from the compartment, and diluting/inerting the 
smoke below its flammable range. This method is generally used when 
the fire is fully involved or to suppress a suspected flashover or 
backdraft risk. 
Nozzle Setting and Actions 

• Use a narrow (30° to 60°) cone setting, depending on geometry of 
the compartment. 

• Manipulate stream in an O, T, Z or n pattern to maximize steam 
production. 

• Adjust the flow rate to suit the intensity and volume of fire. 
Effect 

• Enclosure is filled with steam. 
• Cools burning combustibles and surfaces by absorbing energy. 
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• Steam as a gaseous agent dilutes and inerts the flammable 
mixture of fire gases and displaces oxygen.  

• Lowers the interface layer, reducing visibility. 
• Steam can have a debilitating effect on firefighters and any 

victims.  
• Should be applied from outside of the compartment (e.g., 

hallway). 

 
Figure 19: Interior indirect attack 

5.6.6.3 Smoke-Cooling Application 
Intent 
The intent of a smoke-cooling application is to reduce and control smoke 
flammability and radiation until effective water is applied to the source 
fire. Smoke-cooling techniques are used to control the fire environment 
while firefighters advance during fire attack or to perform search and 
rescue. By cooling hot fire gases below their auto-ignition temperature, 
firefighters can prevent further fire spread and the potential for 
flashover. 
Effect 
Smoke cooling is achieved by placing a fine water fog into the hot fire 
gases. Ideally, firefighters should avoid contact with hot surfaces to 
prevent the production of steam that may lessen visibility and impact 
any victims. The amount of fog required is dictated by the prevailing fire 
conditions.  
This cooling effect will cause the smoke to contract more than the water 
can expand as it turns to steam. Therefore, with careful application, 
firefighters can maintain the interface layer at a stable level. 
This effect is achieved by using combination fog nozzles and selecting 
the ideal cone angles, flow rates and pressures that will produce a 
droplet size not exceeding 0.3 mmxvi in diameter. This size droplet will 
remain suspended in the air for approximately 3 to 4 seconds.  
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Firefighters need to adjust the duration and frequency of their water 
application to suit the: fire intensity and amount of hot smoke; 
temperature of the smoke; and size and volume of the compartment. 
5.6.6.4 Smoke Cooling – Short Pulse  
Intent 
The intent of short pulses is to cool and dilute flammable gases, thereby 
preventing fire gases from reaching their auto-ignition temperature. The 
short pulse is used as soon as smoke exits above or around a hose 
crew, as shown in Figure 20. It is also used to dilute and cool smoke 
that may present a smoke ignition risk. 
Nozzle Setting and Actions 

• Use sufficient flow and pressure to achieve effective droplet size. 
• Use a 30° to 60° cone angle.  
• Fully open and then close the nozzle, all in one quick movement.  
• Aim directly above and in front of the firefighters, into the upper 

layer. 
All interior firefighting operations (including search and rescue) will 
require some level of smoke cooling, as all fires produce flammable fire 
gases. The frequency and duration of smoke cooling is dictated by the 
intensity of the fire and the amount of hot fire gases (smoke). 

Don’t ask if you should; decide how much! 

 
Figure 20: Interior smoke cooling – short pulse 

5.6.6.5 Smoke Cooling – Long Pulse 
Intent 
The intent of using long pulses is to cool and dilute the flammable gases 
thereby preventing the fire gases from reaching their auto-ignition 
temperature. The long pulse should always be used aggressively when 
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there are large amounts of smoke and/or compartment size requires 
greater penetration, as shown in Figure 21. 
Nozzle Setting and Actions 

• Use sufficient flow and pressure to achieve effective droplet size. 
• Use 30° to 45° cone angle (narrower than short pulse). 
• Open the nozzle for approximately 1 to 2 seconds. 
• Aim in front of the firefighters into the upper layer.  

Long-pulse smoke cooling is critical at most fires. A hallway filled with 
hot smoke from a kitchen fire can be dealt with quickly by a well-aimed 
long pulse. 

 
Figure 21: Smoke cooling – long pulse 

The frequency and duration of smoke cooling is 
dictated by the intensity of the fire and the 

amount of hot fire gases (smoke). 
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5.7 Using Ventilation to Control Fire 
5.7.1 What is Ventilation? 

Ventilation: The horizontal or vertical removal of smoke 
and heat as well as the introduction of fresh air. 

There are three forms of ventilation referred to in firefighting: self-
ventilation; automatic ventilation; and tactical ventilation. 

Self-ventilation: Occurs when the fire damages the 
structure to such an extent that heat and smoke can now 
exit the structure. 

This commonly occurs when a window breaks due to high temperatures, 
or the fire burns through a wall or roof of a structure. 

Automatic ventilation: Occurs when pre-installed vents 
are activated automatically by fire detection systems. 

This usually occurs in the early stages of a fire. 

Tactical ventilation: The planned, systematic and 
coordinated removal of smoke and heat from a structure, 
and their replacement with fresh air, due to the actions of 
on-scene firefighters through purposeful flow path 
management. 

Smoke, inherent in all unwanted fires, is a dangerous product of 
combustion that has a critical influence on life safety, fire suppression 
practices and property protection in buildings. Smoke movement and 
control is therefore of primary importance in managing tactical 
outcomes and the overall strategic objectives of an incident. 
There are three strategic objectives that guide ventilation decisions, 
which are based on the incident priorities. Ventilation may be needed 
for: life safety; fire control; or property conservation.  
Tactical ventilation can be used to achieve the following objectives: 

• Life safety: Involves channelling smoke and heat away from 
victims to improve tenability while allowing firefighters to enter 
and rescue them. Its need is based on life hazard, heat and smoke 
conditions within the affected structure. 

• Fire control: Involves channelling smoke and heat to allow 
firefighters access to the structure so they can locate and attack 
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the fire and limit extension. Its need is based on exposures, the 
extent and location of the fire, wind direction and construction 
features of the building, including vertical and horizontal openings. 
Firefighters may opt to inhibit fire growth by managing the flow 
path to stop or limit the air-flow to a fire. 

• Property conservation: Channels the products of combustion away 
from unburned, undamaged property to allow firefighters to 
perform overhaul and salvage. 

5.7.2 Uses of Tactical Ventilation 
Tactical ventilation can be used at various stages of a fire: 

1. After the fire has been extinguished (salvage and overhaul); 
2. After the fire is under control, but prior to extinguishment; and 
3. After the arrival of the fire service, but prior to achieving control 

of the fire. 
Tactical ventilation may include attempts to release smoke and heat 
from a building. It may be accomplished by either natural or forced 
(mechanical) means such as positive pressure ventilation (PPV), 
negative pressure ventilation (NPV) or hydraulically a form of NPV, using 
a fog stream. These methods may employ vertical or horizontal 
openings that are either purpose-made or already existing in the 
structure. Alternatively, this method may also include actions taken to 
close down a structure to limit the air flow towards the fire. 
Tactical ventilation objective(s) are accomplished by influencing fire 
behaviour; the compartment environment; or both simultaneously 
through control of air supplied to the fire, and the movement and 
exhaust of smoke and heat. 
The effectiveness of tactical ventilation is dependent on the recognition 
and assessment of a structure based on structural openings, 
construction methods, building ventilation systems, and ambient 
conditions (such as temperature and wind) under fire conditions. 
Decisions about when and where ventilation is needed and the 
method(s) employed must be guided by an understanding that, in the 
absence of effective water being applied to the fire, air increases the 
HRR and potential for RFD. 
With this understanding of the impact of air on fire growth, the tactical 
options are ventilation or non-ventilation. Both options must be 
combined with some method of fire control to be effective. 
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5.7.3 Tactical Non-Ventilation 

Non-ventilation: The planned, systematic and coordinated 
confinement of heat, smoke and/or exclusion of fresh air 
flow paths. 

Flow path management is achieved by control of air inlet(s) and/or heat 
and smoke outlet(s). Ventilation points such as doors are closed, or 
mostly closed, after entry and windows are left intact. Alternatively, 
ventilation points are restricted or blocked with the use of ventilation 
control devices such as smoke or wind curtains to control the movement 
of smoke, heat, air and flame. Pressurization of uninvolved 
compartments may also be used to prevent the movement of smoke, 
heat and flame into those areas. 
When utilising non-ventilation tactics and interior attack, firefighters 
must continually control their environment with smoke-cooling 
techniques to cool and dilute the highly combustible smoke. The 
advantages and disadvantages of tactical non-ventilation are listed in 
Table 2. 

Table 2: Tactical non-ventilation 

Advantages Disadvantages 

Slows fire development 
Does not remove products of 
combustion (i.e., CO) from the 
compartment 

Unaffected by ambient wind 
conditions 

Limited by ability to control 
compartment openings 

Keeps smoke, heat and flame out 
of uninvolved areas 

Creates an untenable environment 
in involved area 

Provides a barrier to fire spread  
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Figure 22: Tactical non-ventilation 

5.7.4 Tactical Ventilation 
The overriding objective of all forms of tactical ventilation is to improve 
interior tenability for occupants and firefighters through purposeful flow 
path management. 
Flow path management for control and extinguishment is best achieved 
by creating ventilation openings as close to the source fire as is possible 
(e.g., not in a remote location) and in coordination with the fire attack 
team (e.g., vent ahead of rather than behind the attack team).  
Openings are made either horizontally or vertically and utilize the 
differences in pressure and density of heated gases or mechanical or 
hydraulic assistance to generate the flow path, as shown in Figure 23. 
When utilising ventilation tactics and interior attack, firefighters must 
continually control their environment with hose stream techniques to 
cool and dilute the highly combustible smoke. 
5.7.4.1 Effects of Ventilation 
Underwriters Laboratories (UL) and the National Institute of Standards 
and Technology (NIST) have scientifically demonstrated that ventilation 
no longer equals coolingxvii. The mass of hot gases leaving a 
compartment needs to be replaced with an equal mass of (relatively) 
fresh replacement air. This replacement air leads to an increase in HRR 
and may trigger RFD. Occupants and firefighters within the fire 
compartment are at increased threat to life safety if fire control is not in 
place. The effects of ventilation on both fuel- and ventilation-controlled 
fires are listed in Table 3. 
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Figure 23: Vertical ventilation 

Table 3: Effects of Ventilation 

Fuel-Controlled Ventilation-Controlled 

Smoke and heat are drawn 
towards the exhaust opening 

Smoke and heat are drawn 
towards the exhaust opening 

Buildup of hot smoke may be 
reduced 

Heat release is increased (potential 
for rapid fire development) 

The fire may grow larger before 
becoming ventilation-controlled 
(potential for flashover) 

Addition of fresh oxygen (potential 
for rapid fire development) 

5.7.4.2 Natural Ventilation 
Natural ventilation refers to the movement of the products of 
combustion based on differences in pressure and density, as well as 
ambient wind conditions, to ventilate a structure. The advantages and 
disadvantages of natural ventilation are listed in Table 4.  
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Table 4: Natural Ventilation 

Advantages Disadvantages 

May use existing openings Depends on natural air currents 

Uses natural air currents Flow path may expose other parts 
of the building 

Uses the physical properties of 
smoke (buoyancy and expansion 
create pressure differences) 

Flow paths used for ventilation may 
be escape routes 

Removal of smoke and heat Will increase fire development 

Works best on ‘hot’ smoke May be negatively influenced by 
wind conditions 

 Has limited effectiveness on ‘cold’ 
smoke 

 
Figure 24: Natural ventilation 

5.7.4.3 Forced Ventilation 
Mechanical ventilation refers to the movement of the products of 
combustion based on a pressure differential generated by the use of 
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blowers and smoke ejectors to ventilate a structure. The advantages 
and disadvantages of mechanical ventilation are listed in Table 5. 

Table 5: Mechanical Ventilation 

Advantages Disadvantages 

Speeds removal of smoke and heat Can significantly increase rapid fire 
development 

Can overcome natural wind effects 
(to some extent) 

May rapidly spread the fire into 
voids 

Can be used to move ‘hot’ or ‘cold’ 
smoke 

Mechanical mixing and injection of 
air into smoke can result in an 
ignition that generates a violently 
destructive overpressure 

 
Figure 25: Forced ventilation – mechanical 

5.7.4.4 Hydraulic Ventilation 
Hydraulic ventilation refers to the movement of the products of 
combustion based on a pressure differential generated by the use of a 
fog pattern or a straight stream with an ‘O’ pattern that is directed out a 
nearby opening to ventilate a structure. The advantages and 
disadvantages of hydraulic ventilation are listed in Table 6. 
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Table 6: Hydraulic Ventilation 

Advantages Disadvantages 

Speeds removal of smoke and 
heat Uses water 

Can overcome natural wind effects 
(to some extent) 

Not usually used in initial fire attack 
because hose is in use 

Can be used to move ‘hot’ or ‘cold’ 
smoke 

Can cause water damage if used 
without care 

Only needs a hoseline Nozzle operator must remain in the 
heated/contaminated area 

Most useful during overhaul  

 
Figure 26: Forced ventilation – hydraulic 

5.7.4.5 Impact of Differences in Elevation of Openings 
As demonstrated in both the horizontal and vertical ventilation tests 
conducted by ULxviii,xix, the greater the height difference between the 
inlet and outlet, the greater the flow of both air and smoke when 
utilizing these ventilation methods. Given the buoyancy of hot smoke, 
making an exhaust opening above the inlet increases the effectiveness 
of both horizontal and vertical ventilation.  
It is important to remember that the increased inward air flow can result 
in an increase in HRR. As a result, the rate of fire growth can quickly 
outpace the capability of the desired exhaust opening, returning the 
intended inlet to a bi-directional flow path. This can increase the risk to 
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firefighters entering for fire attack or search, largely due to rapid fire 
spread towards their entry point. In the specific case of horizontal 
natural ventilation, it has been previously noted that the smoke layer 
failed to lift following ventilation and smoke tunnelling and rapid air 
movement in through the front door was observed. 
Tactical recommendations of this UL research report include: 

• Ensuring that the attack team is in place with a charged line, and 
ready to attack the fire before initiating horizontal ventilation if 
water has not already been applied; and 

• Cooling the upper layer any time that it is above 100oC (212oF) in 
order to reduce radiant and convective heat flux, and to limit 
potential for ignition and flaming combustion in the upper layer. 

Note that this research project did not examine the impact of smoke 
cooling, but examination of the temperatures at the upper levels in this 
experiment (and others in this series) point to the need to cool hot 
smoke overhead. 
5.7.4.6 Discussion 
The tactical implications identified in the UL Horizontal Ventilation Study 
and NIST Wind Driven Fire Study are interrelated and can be expanded 
to include the following key points: 

• Heat transfer (convective and radiative) is greatest along the flow 
path between the fire and exhaust opening. 

• Exhaust openings located higher than the fire will increase the 
velocity of gases along the flow path (further increasing 
convective heat transfer). 

• Flow of hot gases from the fire to an exhaust opening is 
significantly influenced by air flow from inlet openings to the fire 
(the greater the inflow of air, the higher the HRR and flow of hot 
gases to the exhaust opening). 

• A flow path can be created by a single opening that serves as both 
inlet and exhaust (such as an open door or window). 

• Thermal conditions in the flow path can quickly become untenable 
for both civilian occupants and firefighters. As noted in an earlier 
NIST study examining wind-driven fires, thermal conditions can 
change extremely quickly under wind-driven conditions. 

• Closing an inlet, exhaust opening or introducing a barrier (such as 
a closed door or smoke curtain) in the flow path slows gas flow 
and reduces the hazard downstream from the barrier. 
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• When the fire is ventilation-controlled, limiting inflow of air (e.g., 
through door control) can slow the increase in HRR and limit fire 
development to the growth stage. 

• Multiple openings result in multiple flow paths and increased air 
flow to the fire, resulting in more RFDs and increased HRR. 

5.7.4.7 Coordinated Tactical Operations 
Understanding how fire behaviour can be influenced by changes in 
ventilation is essential. But how can firefighters put this knowledge to 
use on the fire ground, and what exactly does coordination of tactical 
ventilation and fire attack really mean? 
As stated earlier, tactical ventilation can be defined as the planned, 
systematic and coordinated removal of smoke and heat from a 
structure, and their replacement with fresh air, due to the actions of on-
scene firefighters through purposeful flow path management. Each of 
the elements of this definition is important for safe and effective tactical 
operations. 
Ventilation (both tactical and unplanned) not only removes hot smoke, 
but also introduces fresh air, which can have a significant effect on fire 
behaviour. 
Tactical ventilation must be planned. It should be undertaken to 
intentionally influence fire development and must take into 
consideration the flow path. Tactics to change the ventilation profile 
must be intended to influence the fire environment or fire behaviour in 
some way, such as raising the level of the interface layer to increase 
tenability. The ventilation plan must also consider the flow path and 
vent ahead of, rather than behind, the attack team. Ventilation should 
be conducted in the immediate area of the fire, not at a remote location. 
Tactical ventilation must be systematic. Exhaust openings should 
generally be made before inlet openings, particularly when working with 
positive pressure ventilation or when taking advantage of wind effects. 
As pointed out in the 2010 UL study on the Impact of Ventilation on Fire 
Behavior in Legacy and Contemporary Residential Constructionxx, 
tactical ventilation must also be coordinated. Coordination of ventilation 
and other tactical operations requires consideration of sequence and 
timing. 
Ventilation may be completed immediately prior to, during, or after fire 
attack has been initiated. The sequence will likely depend on the stage 
of fire development, burning regime, and the time required to reach the 
fire. 
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If the fire is small and staffing is limited, it may be appropriate to 
control the fire and then initiate ventilation, including hydraulic 
ventilation performed by the attack team. This approach minimizes 
potential fire growth. 
In general, when a fire is ventilation-controlled—as those beyond the 
incipient stage are likely to be—ventilation should not be completed 
unless the attack line(s) can quickly apply water to the seat of the fire. 
In a small, single-family dwelling, this may mean that the attack team is 
on-air, the line is charged and the entry door is unlocked or has been 
forced and is being controlled (held closed). In a larger building, this 
may mean that the attack line has entered the structure and is in 
position to move onto the fire floor or into the fire area. 
The key questions that must be answered prior to implementing tactical 
ventilation are: 

• What influence will the ventilation tactics have on fire 
development? 

• Are charged and staffed attack lines in place? 
• Will the attack team(s) be able to quickly reach the fire? 
• How will ventilation impact crews operating on the interior of the 

building? 
Coordination requires clear, direct communication between companies 
or crews assigned to ventilation, fire attack and other tactical functions 
that are or will be taking place inside the building. 
While not a tactical implication directly raised by the UL study, another 
important consideration is the hazard of working without or ahead of the 
hoseline. While a controversial topic in the North American fire service— 
where truck company personnel generally work on the interior without a 
hoseline—searching with a hoseline provides a means of protection and 
a defined exit path. Staffing is another key element of the operational 
context. If you do not have enough personnel to simultaneously control 
the fire and conduct search operations, in most cases it is likely the best 
course of action to control the fire to ensure a safer operating 
environment for search operations to ensue.xxi 
5.7.4.8 Air movement 
The movement of air into and out of the structure has a vital role to play 
in structure fire development. To assess air movement, examine any 
inward air movement feeding the fire and the outward movement of the 
exiting smoke. 
Consider: 
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• Air movement direction: identify where it is entering and where it 
is exiting; 

• Velocity of the air flow, both inward and outward; and 
• Wind direction and strength. 

Remember: doors opened to gain entry provide air to the fire. Employ 
correct door entry procedures and do not open doors until crews are 
ready to enter the structure for fire attack. Consider the implications of 
window failure. 
5.7.4.9 Ventilation Paradox 
A paradox is a seemingly true statement, or group of statements, that 
lead to a contradiction or a situation that seems to defy logic or 
intuition. The ‘ventilation paradox’ can exist when we read out-dated 
training material relating to a fuel-controlled fire that is typical of the 
predominant burning regime at the time. In the past, the following 
statement was accurate: 

Tactical openings made to release combustion products may 
serve to reduce smoke logging, lower compartment 
temperatures, prevent flashovers and backdraughts and 
generally ease the firefighting operation. 

- Grimwood, 2005xxii 

Conversely, modern building construction and furnishings have now 
upended this logic, and the predominant burning regime has changed to 
ventilation control. Thus, the following statement is now accurate: 

However, it is also possible that such openings may achieve 
undesirable and opposing effects, causing temperatures to 
rise with resulting escalations in fire spread, leading to 
flashovers, backdraughts and smoke explosions. 

- Grimwood, 2005xxiii 

5.8 Tactics 

Tactics: Deploying and directing resources on an incident to 
accomplish the objectives designated by strategy.xxiv 

Fire suppression, extinguishment and ventilation tactics are the art and 
science of firefighting. Firefighting tactics presented in this section are 
intended to provide guidance to firefighters on how to implement the 
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incident commander’s strategic objectives, without restriction to chosen 
methods or techniques.  
Tactics are concepts for thoughtful actions, and as Captain Greene has 
identified in his discourse on another form of combat, our “genius and 
instinct” must be applied to our tactical purpose. Specifically, fire 
ground tactics are formed when equipment, techniques and positioning 
are combined and deployed to complete a strategic objective. 

War is, above all things, an art, employing science in all its 
branches as its servant, but depending first and chiefly upon 
the skill of the artisan. It has its own rules, but not one of 
them is rigid and invariable. As new implements are devised 
new methods result in its mechanical execution; but over 
and above all its mechanical appliances, it rests upon the 
complex factors of human nature, which cannot be reduced 
to formulas and rules. The proper use of these thinking and 
animate parts of the great machine can be divined only by 
the genius and instinct of the commanders. No books can 
teach this, and no rules define it. 

- Greene, F. V., 1883xxv 

In the above-mentioned Rules of Engagement, the strategic objectives 
are defined by a set of risk-based criteria that provide many tactical 
pathways for successful resolution of the presenting fire problem. The 
competent tactician will address the tactical risk(s) by purposefully: 

• Assessing the fire condition and any thermal cues; 
• Selecting and evaluating the appropriate methods and techniques 

to be utilized; and 
• Selecting and applying tactics while considering the VP = BE + 

SAHF model to achieve the desired results.  
The tactical options provided herein only address those tactics 
associated with water and air. They are intended as templates for 
action(s) to be ordered and organized when positioning and moving our 
firefighters in response to the declared objective(s). 
The intent of these templates is not to restrict innovation or prevent the 
addition of newly discovered tactics, whether derived through evidence 
from empirical research or fire community best practices. Rather, the 
guidance provided rests on the understanding that tactics will evolve as 
discovery is made, and should be revised within the template so that 
innovation can be shared and quickly disseminated to the practitioner. 
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The tactical template lends itself to education and training along with 
the associated theoretical and practical assessment. The sequencing of 
the information and limitless order in which they may be applied allows 
the application to a fire problem, whether in a classroom, on the training 
ground, or in an operational setting. 
The tactical templates in the associated course material are presented in 
an order that moves from the outside to the inside of a structure (in 
terms of water use) and from simple to more complex ventilation (in 
terms of air). The ordering is not restrictive, but rather intended to 
assist new recruits, firefighters, company officers and chief officers in 
developing their understanding of tactics, and in advancing their abilities 
in coordinated operational practices.  
The prime objective of the tactical templates is to transition From 
Knowledge to Practice through evidence-based decision(s) and 
action(s). A description of what each category conveys to the 
reader/practitioner is listed below in the Tactical Template. 
Title: Describes the tactic. 
Tactical Objectives: Identifies what the commander wants. 
How It Works: Identifies the fire dynamics principles being used as a 
control. 
Tactical Considerations: What factors a company officer should 
consider when undertaking the action. 
Preferred Technique: How the firefighter should perform an action at 
the task level. 
Alternative Technique: Have a Plan B ready for consideration, should 
your first technique fail. 
Safety Considerations: How to keep out of trouble. 
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5.9 Review: Decision Making and Post-Incident 
Analysis (PIA) 

Decision makers must continually:  
• Review the incident risk; 
• Review the anticipated outcome against the actual incident 

progression; and 
• Identify, at the early stages, anticipated vs. actual outcome 

discrepancies and implement corrective changes to put the 
incident ‘back on track.’  

Continuous review of the effectiveness of decisions and their 
implementation against the changing incident is critical to effective and 
safe outcomes. 
Analyzing rapidly changing conditions against incident priorities in real-
time is an acquired skill. Developing and maintaining these skills 
requires practice through simulation of situation types, problem solving 
and post-incident analysis. 
This section of the manual is intended to provide the student with a 
methodology for case study of significant fire events. Students will 
acquire the skills required to properly recognize, assess and control fire 
operations within high-threat, real-time incidents through the three-fold 
process of: 

1. Case study and application of fire dynamics principles; 
2. Evaluation of fire conditions (VP = BE + SAHF); and 
3. Implementation of controls (Rules of Engagement and Tactics) 

After a fire, the PIA is critical to analyzing how well you, your 
organization and outside agencies responded to and recovered from the 
event. A PIA includes the reconstruction of an incident to assess the 
chain of events that took place, the methods used to control the incident 
and how the actions of your fire response (as well as that of outside 
agencies such as mutual aid, police, EMS and utility companies) 
contributed to the eventual outcome.   
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FIRE DYNAMICS – Case Study 
Objective: Based on your case study, complete the activities and answer 
the questions below. Remember that the key to evaluating your incident 
and enhancing your decision-making skills is to be able to: 

• Effectively recognize and anticipate changing fire conditions; 
• Recognize the effects of your actions; and, 
• Understand your ability to control the fire environment to your 

advantage.  
1. Draw a site plan for the incident. 
The site plan should include an overhead view of the building type and 
footprint and, if appropriate, a side view (highlighting the importance of 
topography in a split-level property). Where possible, access routes and 
entry points should be documented, along with environmental factors 
such as wind direction, if known. 
2. Document a timeline for the incident. 
A timeline should show the time of the call, arrival of apparatus, entry 
and RFD. 
3. Document on the site plan what actions were taken on the 

fire ground.  
Apparatus and crew locations should be documented. Particular 
attention should be paid to the actions taken by firefighters, including 
the placement of hoselines, crew advancement and/or retreat, doors 
that were open, windows that were vented, PPV fan usage, etc.  
4. Identify the critical fire event(s) that influenced the outcome 

of the incident. 
Did RFD (flashover, smoke ignition, smoke explosion, backdraft, or flash 
fire) occur? Did wind affect fire development during this incident? Was 
there a building envelope failure?  
5. List any visual, audible or tactile cues that were described 

during the incident that indicated the potential for extreme 
fire behaviour. 

What conditions did the firefighters describe as the incident progressed? 
What did they see, hear and/or feel? 
6. Identify the impact of the strategies and tactics used by 

firefighters on the fire conditions. 
Did the fire conditions change due to certain actions performed by the 
firefighters? Was this expected, or did it catch them by surprise? 
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7. Identify alternate actions that may have prevented such an 
outcome. 

Imagine you have arrived at the incident. How would your knowledge of 
fire dynamics and the techniques used to control the fire environment 
have helped to avoid such a tragedy? 
8. Determine the effectiveness of decisions made by command. 

• What was the level of situational awareness (perception, 
comprehension, projection)?  

• Was there an appropriate decision strategy (available time; 
discretionary vs. non-discretionary, experience, organizational 
values, confidence)?  

• Was the planning objective-based (clear objectives, aligned 
tactics, supported by IMS structure)?  

• Were actions communicated, coordinated and within the 
command’s span of control?  

• Did the commander continuously review the effectiveness of 
decisions and their implementation against the changing incident 
(risk vs. reward, discrepancies, implement corrective changes)? 

Review of Learning Objectives 
1. Define the Non-Negotiables. 
2. Describe the 5 key points of Decision Making. 
3. Explain the concepts of Decision Strategy, RECEO-VS and Rules of 

Engagement. 
4. Describe the importance of Planning in Setting Tactical Priorities. 
5. Explain the properties of Water and its uses in terms of Direct, 

Indirect and Smoke-Cooling applications. 
6. Describe the different types and uses of Ventilation. 
7. Assess, select and describe tactical solutions. 
8. Demonstrate case study analysis. 
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