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Abstract 
 

The process of developing a Fire Pre-plan should involve all stakeholders who are directly or 
indirectly concerned with the facility emergency response plan and the plan should be built on the 
foundation of a detailed “Fire Hazard Analysis” (FHA) of the facility.  

When the FHA also includes a thorough review and analysis of available and necessary mitigations 
that already exist and/or those that may be recommended at the facility, in addition to examining 
the potential consequences of the fire, it is referred to as a “Fire Hazard and Mitigation Analysis” 
(FHMA). Such a process ensures a more comprehensive examination of both the fire hazards and 
the available protection systems, emergency response capabilities, and other supporting resources. 

This paper will illustrate how unit-specific Fire Pre-plans can be developed using the data derived 
from an FHMA. The stakeholder involvement and interaction during a well-conducted FHMA 
instills ownership of Pre-plan development and improves the implementation process. Moreover, 
the resulting Pre-plan will be an evergreen document that can be easily updated as needed to 
capture and account for changes in both the fire hazards and the mitigation capabilities for a 
facility. 

 

1 Introduction 

Major fires can and do occur in facilities handling hazardous materials, occurring indiscriminately 
around the globe, resulting in a profound impact on personnel, extreme damage to facility assets, 
significant harm to the environment, and severe business interruption. Such fires may occur even 
when the facility is armed with programs that highlight the lessons learned from past incidents and 
include highly reliable safeguards. Thus, successful mitigation of the consequences from a major 
fire depends as much on the efforts expended in planning for them as the actual firefighting during 
the occurrence. In other words, a facility that is aware of its own fire hazards and firefighting 
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capabilities and uses this information to develop a solid plan to employ available resources is more 
likely to be successful in bringing the fire under control with minimum impact.  

An effective Fire Pre-plan identifies and describes the most likely and/or consequential potential 
hazards and available mitigations related to specific, defined fire scenarios. Hazard details should 
include information that projects the expected and potential impacts from the fire due to the 
specific materials and process conditions involved, exposure hazards from subsequent failures 
brought on by the fire, etc. Mitigation information should include all available fixed and mobile 
firefighting resources, details related to individual responsibilities by expected responders, and 
other pertinent information needed by responders – whether on-site or augmenting from off-site.  

To ensure these plans remain current and up-to-date, Fire Pre-plans should be “living” documents 
that align with the facility and/or corporate firefighting philosophy and intent.  Consequently, the 
data used to develop the Pre-plans should be revisited and updated at regular intervals and at any 
time that either the facility’s philosophy, fire hazards, or resources change.   

2 Developing an Ideal Fire Pre-plan 

Pre-plans are often just developed for tank areas and facilities incorporating a batch process as 
opposed to complex facilities with continuous processes. The major reason for this is that tank and 
batch process fires are more predictable – fire geometries do not change as much, and since the 
materials and quantities are more stable and known, fire behaviors are generally more predictable. 
Also, for tank fires, the quantity and properties of involved materials are generally fixed or 
substantially less variable. Finally, the firefighting strategies for tank fires are well established and 
documented and, consequently, relatively easy to train for and resource due to their predictability.  

On the other hand, facilities with continuous processes such as oil refineries, petrochemical 
facilities, fertilizer plants etc., are more complex and the nature of fires in these facilities depends 
on many factors, making those fire events harder to predict. The variations in the material, the 
many changing process conditions such as pressure and temperature, the material phase, and the 
size of a fire add significant complication to the pre-planning process. Due to the complexity 
involved in predicting the fires in these facilities, it is sometimes considered impractical to build 
Pre-plans for continuous process facilities.  

In this context, it is critical to identify the highest design basis fires for a process unit and prepare 
Fire Pre-plans accordingly. Using a thoroughly conducted Fire Hazard Analysis (FHA) can be a 
solid basis for developing Fire Pre-plans. FHAs help identify not only the high-consequence fires, 
but also the fires that require more attention focused on the Emergency Response Team (ERT) and 
manual intervention activities. Understanding the most critical fires and exposures and 
communicating those points to all involved responders and stakeholders during a fire emergency, 
can be the difference between a successful outcome and one that could potentially cause much 
more damage and injury. 

Emergency response generally is subject to some common elements, such as general mobilization 
and response time of ERT, mobile apparatus capabilities, fixed system delivery capabilities, etc.  
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Although these can be dealt with in a more general Emergency Response Plan (ERP), they should 
be factored into unit or scenario specific Fire Pre-plans as needed. Additionally, even the aspects 
of emergency response that vary greatly with the size, type, and nature of the specific fire being 
fought can be addressed in Pre-plans, in tabular form or other formats that help responders make 
the best choices. 

Emergency response is a team effort in which operations and maintenance teams in the involved 
unit help ERT to perform actions such as equipment shutdown, process isolation, initial application 
of fixed firewater, and other support. A well-developed ERP involves “first responders” – the 
operators and others stationed in the unit of the fire’s origin, while a sound Pre-plan helps define 
expectations, roles, and responsibilities of first-responding operators and ERT. Pre-plans are also 
instrumental in communicating fire response information to off-site responders, such as municipal 
fire departments, mutual aid responders from other facilities, and other emergency stakeholders 
who would not be as familiar with the site/unit involved. 

The Pre-plans should therefore be developed on the foundation of proper documents, feedback 
from training and drills, and continuous updates to capture changes in the site. Pre-plans should 
also be reviewed during Management of Change (MOC) reviews to ensure process or other 
changes are incorporated into the Pre-plans as needed.  

 

3 Benefits of Fire Pre-Plans 

The main benefits of a having well-documented and updated fire Pre-plans are: 

• A Fire Pre-plan provides the ERT with vital information so the team can immediately 
identify any gaps in the fixed fire protection systems (water-based, chemical, active, etc.) 
and the passive fire protection systems, and then strategize the optimum use of available 
resources during an emergency. 

• A Fire Pre-plan is the single point of access to critical information for emergency 
responders as well as personnel on site. 

• A Fire Pre-plan presents verifiable justification for upgrades in fire protection systems and 
for management budget approval. 

• A Fire Pre-plan is a primary reference for fire drills and firefighting training. 
 

4 Fire Hazard and Mitigation Analysis (FHMA) 

In order to develop a Fire Pre-plan as described above, a FHA and/or Fire Hazard and Mitigation 
Analysis (FHMA) should be conducted. An FHA usually involves the identification of credible 
fire scenarios and the impacts that those fires pose to a facility, its employees, its neighbors, and 
the environment. FHA also allows for the development of a list of appropriate mitigation options. 
However, it is more desirable and effective to include a thorough review and analysis of available 
and necessary mitigations that already exist at the facility, and/or those that may be recommended, 
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in addition to examining the hazards and consequences of the fire. FHMA is essentially a process 
that extends the FHA to ensure a more comprehensive examination of both the fire and 
consequences as well as the protection systems, emergency response capabilities, and other 
supporting resources.  
 
The FHMA process starts with first identifying potential fire scenarios onsite through a review of 
process flow diagrams, heat and material balances, available inventories, and tank lists. This can 
be followed by consequence modeling for certain “design basis fires” – or fires where there is a 
reasonable expectation that the combination of fixed protection and emergency response will 
achieve control of the fire with minimal escalation.  
 
Next, the effects of various mitigation layers, including the firewater system, fixed fire protection 
and delivery systems, fireproofing, site drainage system etc., are assessed. The FHMA should be 
performed in an interactive setting that encourages personnel from operations, emergency 
responders, safety personnel, support staff, management, and other stakeholders to participate in 
reviewing the hazards, mitigations, response capabilities, as well as any proposed improvements. 
 
One benefit of the workshop is that it can identify possible mismatches in expectations between 
various stakeholders and provides an opportunity to gain better alignment.  One FHMA 
methodology, as outlined in the BakerRisk FHMA Best Practice [1], is illustrated in Figure 1. 
 

 
Figure 1. FHMA-Overall Methodology 
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5 FHMA as a Basis of Developing Fire Pre-Plans 

Unit-specific Fire Pre-plans can be developed using the data derived from an FHMA. Each of the 
steps involved in an FHMA helps develop key information that forms the basis of a Fire Pre-plan. 
Moreover, this methodology helps address the major challenges for developing Fire Pre-plans for 
the facilities with continuous processes, such as oil refineries, petrochemical facilities, fertilizer 
plants, etc., which are inherently more complex.  

5.1 Fire Scenario Identification 

The foundation of the FHMA process is identification of design case fire scenarios or “likely to 
occur” fire scenarios. The inherently hazardous processing facilities mentioned above have the 
potential to cause catastrophic fires, which will rapidly overtax the existing fixed fire protection 
systems. Thus, it is not practical to design protection systems or plan firefighting for such events 
as they are already typically unmanageable.  

On the other hand, the firefighting resources of the facility should be planned and designed to keep 
the “credible” worst-case fires manageable and prevent them from escalating to catastrophic 
events. Identifying credible onsite fire scenarios can be done through a review of process flow 
diagrams, heat and material balances, available inventories, and tank lists. 

5.2 Consequence Modeling for Design Case Fires  

To understand the impact of identified fire scenarios, it is critical to be able to model their thermal 
footprints using a software such as BakerRisk’s SafeSite3G

©, in which the process conditions and 
the material composition data collected from the review of process flow diagrams are used to 
model the fires. Statistically significant local weather conditions such as wind speed and stability 
class are also considered, to model the impact of the local environment on the fires. When 
considering “design basis” fire cases, a range of the most probable fire scenarios should be 
included, such as loss of containment equivalent to 0.5-inch, 1-inch, and 2-inch release under the 
existing operating temperature and pressure. 

An example of some of the thermal radiation thresholds of interest as published by CCPS in Fire 
Protection in Chemical, Petrochemical, and Hydrocarbon Processing Facilities, 2010 [2] are: 
 

• 6.3 kW/m2 − recommended maximum exposure threshold for personnel wearing standard 
flame-retardant PPE. 

• 12.5 kW/m2 − estimated maximum exposure threshold at which Emergency Response 
personnel can respond with additional protection such as wearing properly-designed 
firefighting bunker gear, working under a water-fog, etc.  

• 37.5 kW/m2 − threshold at which unprotected structural steel starts to fail within 
15 minutes; also, the threshold at which automatic, heat-actuated fire protection systems 
are assumed to operate. 
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A typical thermal radiation contour is shown in Figure 2. This graphical representation of fire 
scenarios of interest can be incorporated into a Fire Pre-plan to show general exposure of critical 
process equipment to thermal radiation, and accessibility to fire monitors, hydrants, or process 
isolation valves, etc.  

Through the process of “design case” fire scenario review, the most consequential fire scenarios 
can be selected in each process unit based on, for example, the exposure to critical equipment, fires 
challenging staging of pumper trucks or access to fire protection equipment, or other scenarios that 
have the potential to rapidly escalate to catastrophic fires. This process of pre-screening critical 
fire scenarios in such a way will not address all the possible fire scenarios in the process unit but 
will help focus response information and actions on those that require the most attention. This is a 
reasonable counter to challenges posed by the complexity of a continuous process facility that 
make it burdensome to predict the specific location and behavior of all fires.  Instead, this process 
helps capture the most critical information on the most consequential fires for the Fire Pre-plan.  

 

 

Figure 2. Example of Thermal Radiation Contour 
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5.3 Evaluate Safeguards 

After understanding the types of fires that could occur at the facility, the site should know and 
understand the facility’s full range of mitigation capabilities and ensure that the right combination 
of fixed, mobile, and emergency response resources is available for a successful fire response. 

This process includes two steps; gathering the documentation related to the mitigation systems, 
and a site walkdown to identify potential complicating factors that are not necessarily documented.  

For example, the fire monitor flow ratings, location, and intended coverage, location of hydrants 
and manifolds, location of isolation valves on the firewater network, deluge and water spray 
activation valves and their extent of coverage, and other firefighting assets will be collected and 
evaluated. Passive fire protection systems such as fireproofing, walls/barriers, and dikes, as well 
as the area drainage system are also evaluated with respect to their effectiveness in controlling the 
impacts of fires. Placement of fire and gas detectors at the site will be evaluated for effectiveness 
in early detection of manageable releases and fires. Any other escalation factors such as long bolt 
flanges, monitor throw obstructions, inaccessible fixed fire protection systems, and other 
challenges to response will be identified and documented. 

A hydraulic model of the firewater system can be developed based on the data collected from the 
documents and a site walkdown . The model should include all available information regarding the 
underground firewater main size, location, condition, and material of composition. The design data 
of the fire pump(s) will be added using the performance curve derived from the latest pump test 
data or the pump manufacturer’s performance curve. A typical firewater system, as modeled in 
BakerRisk’s proprietary tool FireHAT,© is shown in Figure 3.  
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Figure 3. Example of Firewater Network and Layout of Fixed Protection Systems 

 

It is vital to have awareness of all available resources for firefighting, to develop an ideal Fire Pre-
plan. The capabilities and limitations of the existing resources will necessarily dictate the 
firefighting approach that would be adopted in the event of a fire. More often than not, a proper 
awareness of the actual capability of a site to fight a fire will result in the team choosing the most 
appropriate strategy to fight the fire. Additionally, it useful to show the location of these systems 
with respect to the modeled fires in Fire Pre-plans.  

 

5.4 Gap Analysis 

The most important step in an FHMA is a facilitated workshop that encourages operations, 
emergency responders, safety personnel, support staff, and management to participate in reviewing 
the existing hazards, mitigations, response capabilities, and proposed improvements at the facility. 

The first step of a workshop is to estimate the response time to a fire event. To do this, the team 
must understand the progression of fire events. A typical response timeline is shown in Figure 4.  



GCPS 2022 
__________________________________________________________________________   

 

Figure 4. Typical Timeline of a Fire Scenario Development and Response 

The characteristics of the fire, the availability of fire detectors, the incident communication 
capabilities and protocols, proximity of mobile equipment or site firehouse to the location of fire, 
and pumper truck staging time are major factors that will affect the overall response time. 
Understanding response time and the potential consequences at each phase of the scenario’s 
progression will help in identifying improvements at the facility that could reduce overall response 
time and determine which resources will be needed to accomplish that goal.  

During the FHMA workshop, a visual depiction of the thermal impact of pre-screened fire 
scenarios is displayed to the team as shown in Figure 2. The entire team can then have a uniform 
image of the severity of a given fire scenario and begin discussing a response to the fire displayed. 
Based on the actions suggested by the team, a visual representation of potential coverage of 
accessible fire monitors and pumper trucks can be generated as shown in Figure 5. Such visual 
representations are extremely helpful in determining coverage of fixed and mobile assets relative 
to the likely fire area (including possible knock-on consequences) and can help to determine if 
there are challenges to the fixed and /or mobile assets effectively reaching the fire. 

This FHMA approach enables good gap analysis to point out key focus areas for mobile 
responders, e.g., areas with limited fixed coverage where a critical exposure may require prompt 
cooling to prevent knock-on failure.  This helps refine response actions to ensure the most effective 
actions using the available resources. 

The FHMA approach can help determine with high confidence the maximum firewater demand 
for a specific process unit’s design-case fire scenario. The use of hydraulic modeling can help with 
performing reliable calculations of the delivery capability of the existing firewater distribution 
system to meet the required firewater demand. This is critical information that can be incorporated 
to the Pre-plan which will enable the fire chief to estimate the usage of fixed fire protection system 
vs the pumper truck to avoid under pressurizing the firewater network.  
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Figure 5. Thermal Radiation Contour with Firewater Coverage 

 

The access to process isolation valves, the Emergency Shutdown (ESD), and the evacuation route 
to be used during the fire can also be assessed during the workshop for each fire scenario. These 
additional elements should then be added to the Pre-plan to communicate additional information 
necessary to bring the fire under control. 

In summary, the FHMA workshop affords all emergency response stakeholders an opportunity to 
review details about the expected fires and available assets to address them, with the end goal of 
developing a sound action plan to get the fire under control and extinguished as efficiently as 
possible. Furthermore, because of the team approach with key stakeholders, the FHMA process 
ensures stronger buy-in to the Fire Pre-plans. 

4.5 Documentation of Fire Pre-Plans 

The FHMA methodology can be repeated throughout a facility to evaluate process units, storage 
tanks areas, warehouses, rail and truck loading areas, and other potential fire areas. Using this data, 
Pre-plans can be compiled and made easily accessible for anyone who might be expected to 
respond to a fire. The ERT would be the likely custodians of the documents and therefore should 
initiate periodic updates based on any changes in process conditions, fire protection and response 
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assets, lessons learned from recent fire incidents, or recommendation from recent fire drills. Fire 
Pre-plans should also be part of the facility ERP document. A recommended best practice Fire Pre-
plan view, which includes a plot plan of the facility, and a list of critical information are shown in 
Figure 6 and Figure 7. Critical information that should be included in a Fire Pre-Plan list are: 

• Brief process description of the unit. 
• List of major process equipment with equipment tag number, content, volume, pressure, 

temperature etc.  
• List of equipment with large hydrocarbon hold-ups, H2S concentrations and other toxics.  
• List of vessels that contain products at temperature higher than flash points or highly 

volatile materials or gases. 
• List of fixed fire protection equipment such as hydrants, manifolds, monitors etc. 

o If possible, potential coverage distances should be included. 
• Location, type, and capacity of handheld and wheeled fire extinguishers. 
• Location and details of deluge valves. 
• List of key process isolation points and shutdown locations. 
• Critical location with limited fireproofing. 
• Description of general water run off direction, sump volume capacity, sump pump rated 

capacity, drainage isolation valves etc. 
• Description of radioactive devices. 
• Electrical Hazards greater than 440V. 
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Figure 6. Fire Pre-Plan – Layout View 
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Figure 7. Fire Pre-Plan- Critical Information 

 

6 Conclusion 

A Fire Pre-plan is critical documentation that describes the major aspects related to a specific fire 
area, including available firefighting resources and any hazardous or toxic materials involved, and 
addresses both individual responsibilities and possible factors that may cause fire to escalate. A 
Fire Pre-plan provides the ERT with vital information so the team can identify gaps in the fixed 
fire protection systems (water-based, chemical, active, etc.) and the passive fire protection systems.  
Having this information enables the ERT to strategize the optimum use of available resources 
during an emergency. Fire Pre-plans should be “living” documents that are frequently updated to 
capture any changes in potential fire conditions and firefighting resources while at the same time 
ensuring alignment with the facility’s firefighting philosophy.   

A Fire Pre-plan should have a plant-wide buy-in and be dynamic in its very essence. The process 
of developing a Fire Pre-plan should involve all stakeholders who are either directly or indirectly 
concerned with the facility ERP.  Finally, such a plan is best built on the foundation of a thoroughly 
performed FHMA of the facility. 
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