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At the time of this writing, the global coronavirus pandemic has spread to 

all parts of the world and into every corner of our country. Combating this 

treacherous disease requires a multi-pronged approach that includes the 

gallant work of our healthcare providers and our emergency responders. These 

brothers and sisters are our heroes. The purpose of this white paper is to 

outline best practices for the design and/or retrofit of the firehouse, the 

working home of our firefighters in each community they serve. 

This paper demonstrates how to manage infection prevention and facility 

separation through preparedness, planning, and zoning. This strongly mirrors the 

way firefighters prevent contamination on a hazardous materials response by: 

 X Isolating the Hot, Warm, and Cold zones, and 

 X Protecting firefighters through Time, Distance, and Shielding. 

The problem is that insidious pathogens, such as COVID-19, were not a major 

consideration in legacy station design, construction, or retrofit. Through 

alignment of dynamic leaders in design, construction, and fire & emergency 

services, this void in the knowledge base is addressed herein. 

Coronavirus has shown all of us around the world that there are clear gaps in 

preparedness as we consider this current pandemic and anticipate unknown 

ones to come. Many experts are predicting the next global pandemic may 

be closer than we would like to think as the cadence of pandemics increases. 

Learning from COVID-19 will be critical to being best prepared for whatever the 

next virus brings.1 

By Barbara Price, FAIA – Special Projects Director, McMillan Pazdan Smith, and 

Kevin Milan, PhD, EFO – Firefighter, Planning Section Chief, Disaster Researcher

EXECUTIVE SUMMARY 
We’re Firefighters — We Run into the Fire.
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Design, Construction, and Retrofit

Traditionally, infection control has been focused on clinical 

environments in hospitals and food safety in commercial 

kitchens. COVID-19 has forced us to reevaluate approaches to 

infection prevention across broad aspects of our lives. Simple 

tasks like grocery shopping and walking in public spaces as well as 

larger scale decisions related to our homes and public buildings 

are forever changed. These measures require a re-evaluation of the 

multiple facets of building design through careful attention to space 

planning, material selection, and HVAC systems. 

INTRODUCTION

TOC



5COMMUNITY / WHITE PAPER    |

Redefining the Firehouse: Supporting Operational Agility Through Innovative Station Design

Space Planning 
Design considerations for spaces within the 
firehouse require more acute attention to 
detailed zoning related to the adjacencies 
and isolation of various areas where 
incidences of infection or contaminants are 
likely to arise, while also keeping in mind 
best practices for social distancing.  

Material Selection  
Building material selection now includes 
options and use of naturally antibacterial 
and antimicrobial surfaces on high touch 
building components. A cleaning regiment 
with antimicrobial agents is critical and 
should be developed as a part of the 
ongoing operations of the firehouse. 

HVAC 
This pandemic has highlighted a growing 
need to better control the ventilation and 
air filtration within our HVAC systems, 
allowing as-needed modifications to suit the 
risks of contaminants within the space and 
as a reaction to specific infection threats.  

• Improving the quality of filtration 
within the HVAC system allows the 
system to capture a higher percentage 
of infection-carrying particles to improve 
indoor air quality, thus reducing the 
spread of viruses such as COVID-19. 

• The use of “air cleaning” equipment 
such as Ultraviolet Cleaning (UVC) 
systems within the air handling equipment 
can inactivate some viral, bacterial, and 
fungal organisms within the facility. 
These measures include UV lights and 
electrostatic HVAC filtration systems.  

• Air ionization systems have also been 
tested and shown to greatly reduce 
and/or neutralize pollutants (including 
coronaviruses that COVID-19 falls within) 
and would be worthy of further study for 
an emergency response facility.  

• Humidification of the facility is an 
additional design consideration. Many 
long-term studies show that low humidity 
levels significantly increase viral loads 
to occupants. 

• Pressurization Controls integrate 
pressure differentials into the HVAC air 
distribution and management systems to 
prevent infection spread across building 
spaces and systems.

In general, low humidity conditions allow 
viruses to travel farther, become dehydrated 
(thus smaller) causing healthy occupants 
to ingest a higher viral load per breath.  
Additionally, when dehydrated, viruses 
become more difficult to remove from 
surfaces, relating back to the previous 
mention of antimicrobial finishes for 
surfaces and fixtures.

INTRODUCTION
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Mental Health 
This pandemic has also shed new light on the critical importance of mental health, in 
particular the health of our frontline, essential service workers such as emergency responders, 
doctors, nurses, and clinicians. COVID-19 has underscored the interrelationship between 
psychological well-being and our physiological health. While common relationships between 
the two are seen in caring for patients, it is critical that we don’t ignore the same overlap for 
essential workers in our communities. Design that improves mental health includes:

• Day-lighting interior areas to improve our body’s natural responses to circadian rhythms,
and views to the exterior and nature for a mental context of the greater world including
basic knowledge of weather and day versus night.

• Spaces appropriately designed for safe interaction including spaces for larger
groups as well as smaller, more intimate spaces for reflection, introspection, and one-
on-one conversations that may feature comfortable seating, art, music, white noise,
chromotherapy, and even aromatics that affect every one of the body’s senses.

Understanding these unique design and construction considerations within the context of 
other building typologies and industries — specifically, applying McMillan Pazdan Smith's 
expertise designing healthcare facilities — helps us better understand the positive impact 
these considerations have in our firehouses.

INTRODUCTION
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Who Moved My Fire Hydrant?  
What’s Changed?

COVID-19 refocused the importance of protecting emergency responder health 

and safety. Removing a single firefighter with a mandatory quarantine can 

impact staffing and overtime. Removing an entire station due to infection and 

quarantine requirements affects operational readiness and emergency response 

throughout the community. 

CURRENT SITUATION
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Overlapped and prolonged decontamination, isolation, and quarantine have 

become the norm in addressing the operational readiness after COVID-19. The 

previous threats to firefighter station contamination focused on the transfer of 

carcinogens; however, this pandemic highlights the importance of controlling 

every possible aspect of the firefighter’s living environment.

Protection is relevant for:

• the Volunteer Firefighter who is at the 
firehouse before or after a call; 

• the Paid, On-Call / Shift Firefighter 
who spends tens of hours per week 
training or residing at the firehouse; and 

• the Career Firefighter who spends 
one-third of their professional life on 12 
to 48-hour shifts in the firehouse: living, 
training, and responding with their crews.

A healthy fire station environment means 
the difference between health and illness, 
resilience or stress, and ultimately readiness 
or struggle. It is imperative to ensure the 
firehouse is a clean and healthy environment.

The desired environment is only 
attainable through: 

• Quality design, 

• Appropriate use of materials, 

• Meticulous surveillance, and 

• Attention to spatial relationships — with 
a thorough understanding of the tasks 
required in those spaces. 

The “new normal” for emergency response 
organizations is evolving. The final state 
of affairs is yet to be determined. What 
is crystal clear from the unchecked 
permanence and duration of this pandemic 

— and the threat of the next pandemic 
coming, is that legacy thinking and the 
design of firehouses must change. 
Simple barriers and zoning strategies 
that may have isolated carcinogens from 
living spaces are no match for COVID-19. 
Emergency services must engage state-
of-the-art design and systems to reduce 
contamination and improve overall 
safety of the firehouse workforce. 

CURRENT SITUATION

Volunteer Firefighter

On-Call / Shift Firefighter

Career Firefighter
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Gaps in Current Knowledge Base

There is no shortage of guidance on fire station design; however, the COVID-19 

pandemic highlights a significant gap in the current knowledge base. Wholesale 

protection from insidious pathogens simply isn’t achieved in legacy firehouse 

design. Contemporary best practices are articulated in the United States Fire 

Administration’s (USFA) “Safety and Health Considerations for the Design of Fire 

and Emergency Medical Services Stations (2018).” 2 

CURRENT SITUATION

Current State-of-the-Art Fire Station Design  
The USFA / FEMA manual provides guidelines for EMS and fire 
station design, discussing safe environments, design process, 
and a myriad of requirements and other review processes. The 
importance of selecting an experienced and skilled architect 
and involving design professionals familiar with this building 
type is paramount.

The major focus of this USFA manual is isolating the 
contaminants that are traditionally introduced into the 
firehouse through apparatus, equipment, personal protective 
equipment (PPE), and the firefighters themselves. 

Zoning Guidance from FEMA / DHS 
The FEMA / DHS guidance only references separation from 
carcinogens in the Vehicular Equipment Bay area, but does not address infectious disease 
control — which will be critical for the next generation of fire station design.

Key Elements of Legacy Zoning Strategies 
The legacy zoning strategies focus only on isolation and containment of carcinogens in the 
Bay and Decon areas. 

• Containment – Keep carcinogens isolated and out of office (desk, conference, training), 
dining, and sleeping spaces. 

• Transition Zones – Pressurize airflow from dirty or ‘hot’ zones to clean or ‘cold’ zones.

• Transition Barriers – Use closeable doors for all rooms, cabinets, wash stations, etc.

TOC
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Areas for Improvement 
The legacy zoning strategies do not reference infection control, cybersecurity, or carcinogen 
mitigation in the other areas of the firehouse. The following zones or factors are areas that 
require improvement:  

• Sequential Transitions from High to Low Hazard Zones

• Isolation / Separation / Walk-Off Zones

• Environmental Considerations: Natural Ventilation, Natural Light, Views of Nature

• Recharge Space

• IT / Cybersecurity 

• Whole Building Integration

• Wellness Strategies

The firehouse can be a valuable tool in disaster response and emergency management. 
Investment in a station that is purpose-built to quickly respond and “flip” to a protective 
environment will pay dividends in both the health of firefighters and quality of life for the 
surrounding community.   

CURRENT SITUATION

Suiting up for HazMat Zone.
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 X In the Mid-1300’s, the Black Plague 
shook up social order, required 
new thinking, and heralded in the 
renaissance. What can be gleaned from 
the Black Plague that crosses over to the 
COVID-19 Pandemic? 

 X From the Winter of 1918 through 
Spring of 1920, The Spanish Flu 
wreaked havoc on the world, indicating 
some of the earliest forms of social 
distancing, mask-wearing guidelines, 
and restrictions on gathering sizes.

 X The terrorist attack of September 11th, 
was another major turning point in 
emergency response and preparedness. 
This attack on American soil led to the 
development of the FEMA National 
Preparedness Guidelines. 3   

In the case of this global pandemic, it is critical 
that we take time to reflect on what predicts, 
heals, regenerates, protects, and inspires.

 As a society, what will we do? Will we make 
our communities and lives better or will we 
leave this world even more injurious than 
we found it?  Will we seize this pandemic as 
an opportunity to socially rest and establish 
new norms?  

Uncertainty creates concerns and exposes 
vulnerabilities, yet it opens the door for 
new ways of thinking. Stress reveals both 
character and weaknesses in every aspect 
of life — within individuals and throughout 
our communities, in our buildings, around 
our nation, and in every corner of our world. 

In the best of times and in the worst of 
times, the importance of social cohesion is 
exposed and will reveal either a breaking 
point or a tipping point. What will the 
coronavirus pandemic reveal — a tipping 
point towards new ideals and ways of 
thinking or a breaking point to failure?

Regarding past epidemics, there are a few important suggestions and lessons 

learned from history and literature. The following is a glance at historic events 

and insights that serve as models for consideration.

History as a Teacher

9/11 Training Day.

TOC
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Mitigation Process + Approach 

Following the terrorist attacks of 9/11, the Department 

of Homeland Security (DHS) was formed through a 

Presidential Directive. One of the early tasks of DHS was 

threat identification to assess the nation’s preparedness.  

An interagency Scenario Working Group (SWG) developed 

scenarios to test and exercise preparedness, mitigation, 

response, and recovery. The SWG identified 15 National 

Planning Scenarios including terrorist, natural disasters, and 

epidemics. These scenarios are the basis for local, state, 

regional, and federal planning and exercise coordination. 4

Applying the scenarios to the built environments of 

the firehouse is a novel approach not yet addressed 

in the knowledge base. It is sensible that the same 

scenarios used for preparedness and response can be 

leveraged to identify the strengths and vulnerabilities of 

the built environment used by emergency responders.

THREAT IDENTIFICATION

TOC
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FEMA SCENARIO PLANNING MATRIX

THREAT IDENTIFICATION

Funding Strategies 
Aligning the fire station facility improvements with DHS and FEMA’s disaster planning 
scenarios provides an opportunity to pursue and secure federal funding to implement these 
critical design improvements. As of September 2020, FEMA offers grant applications for 
hazard mitigation and Building Resilient Infrastructure and Communities (or BRIC). This BRIC 
grant is the first of its kind offered by FEMA, made possible by the Disaster Recovery Reform 
Act of 2018, to provide annual funding for mitigation projects. 5 A variety of planning and 
assessment tools, outlined on the following pages, can be used to assist fire stations in their 
funding and grant strategies.

1 2 3 4 5 6 7 8

Facility Enhancements to Assist Scenario Planning National Planning Scenarios (FEMA)
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BUILDING 
SYSTEMS

Hardened Facility; Bollards

RFI Shielding; Power / Data Protections

Building Zoning; Pressurization; Heat Zones

BUILDING 
SPACES

Infection Identification, Control, Heat

Bay: Heat / Treatment (Fog / Halo) / 
Pressurization / Hardened Facility

Recovery / Respite / Safe Rooms

SITE

Redundant Power / Comm

Controlled Access

Hazard / Isolation Zoning On-Site / 
Community Engagement

GRANTS The DHS offers Assistance to Firefighters Grants (AFG). https://www.fema.gov/grants/preparedness/firefighters.  
Each state has their own program for Firefighter Health & Safety Grants.
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Apparatus Bay

Laundry Room (Bay) 3

Decontamination Room 1 1

Bunker Storage (TA50 Type) 2 1 1

Shop / Tool Room 3 3 1 1

Specialty Workshop 3 3 1 1 1

Specialty Storage 3 3 1 1 1 1

Station Supply Room 3 3 1 1 1 1 1

HazMat Transition Zones 1 1 1 1 1 1 1 1

Day Room 4 4 4 4 4 4 4 4 5

Kitchen 4 4 4 4 4 4 4 4 5 2

Dining Room 4 4 4 4 4 4 4 4 5 1 1

Bedroom 4 4 4 4 4 4 4 4 5 3 3 3

Exercise / Respite Room 4 4 4 4 4 4 4 4 5 2 3 3 3

Community / Training Room 4 4 4 4 4 4 4 4 5 2 3 3 4 3

Officer’s Office 4 4 4 4 4 4 4 4 5 2 4 4 4 4 2

Firefighter Office 4 4 4 4 4 4 4 4 5 2 4 4 4 4 2 1

Bathroom (Personal) 4 4 4 4 4 4 4 4 5 1 4 3 1 4 3 4 4

Laundry Room (Personal) 4 4 4 4 4 4 4 4 5 2 3 3 1 4 4 4 4 4

Recharge Space (Indoor) 4 4 4 4 4 4 4 4 5 3 4 4 4 4 4 4 4 4 4

Heritage / Remembrance 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4

Transition Zones / Garden

Based on McMillan Pazdan Smith's expertise designing purpose-built spaces such as surgical 
suites and isolation rooms in hospitals, as well as specific building systems that employ 
pressure differentials to create clean rooms in data centers and pharmaceutical manufacturing 
plants, we can ‘Share the Uber’ to arrive faster — with proven design strategies and time-
tested protocols. The information within this white paper is a roadmap to begin the journey.

From the survey of these building types, we know that the number one theme for resisting, 
securing, and containing pathogens is: isolation. Hands down, our most powerful tool — 
isolation is also the basis for “zoning” our buildings. 

Hazard Zones + Adjacency 
A first step in the design process, is to organize the firehouse space types by hazard zone and 
adjacency. Red zones are the hot zones that require isolation to mitigate both carcinogen 
and pathogen transmission. Yellow zones are decontamination and barrier zones that require 
special attention to provide safe and clean spaces that resist infectious transmission from the 
red zones. Green zones should include environmental improvements such as natural ventilation, 
natural light, and views to nature. Blue zones are entry / neutral zones or outdoor spaces.

THREAT IDENTIFICATION

In concert with the FEMA planning scenarios, we now have a ubiquitous threat:  

COVID-19. How do we work? How do we socialize? How do we design our 

buildings to help us? How can we borrow technology and best practices from 

other building typologies and industries to further advance firehouse design?

HAZARD ZONE MATRIX
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Spatial Diagrams 
Conceptual, spatial relationship diagrams are design tools that allow us to transform the 
space list by zone into a preliminary building ‘bubble’ diagram so we can begin to see how 
these spaces would relate in a building floor plan. We can also begin to organize the interior 
spaces adjacent to the exterior site elements to create a comprehensive fire station campus. 
Maintaining the hazard zone coloring facilitates  adjacency coordination.
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FIRE STATION BUBBLE DIAGRAM 
Space planning organized by hazard zone and adjacency requirements.
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THREAT IDENTIFICATION

Flexibility / Multi-purpose Design 
In addition to zoning, designing flexibility into multi-purpose spaces supports the use of 
pressurization and filtration to protect the built environment and its occupants. While isolation 
remains our most powerful tool, it is not always practical, so there are supplemental measures 
to mitigate threats: 

• Filter and monitor pressure differential airflows (to pull air away from threats) 

• Maintain continuous commissioning of intended air quality and humidity with HVAC system

• Monitor personnel temperature with integrated temperature controls (who has a fever?) 

• Cleanse with HVAC Ultraviolet (UV) lights, germicidal disinfectants, and fogs

• Utilize infection-resistant materials (antibacterial surfaces)

• Employ daylighting strategies (views and access to outdoors) 

• Provide defined personal vs. social spaces

Actual isometric firehouse floor plan to maintain pressure airflow differentials.

Monitor personnel temperatures.

Cleanse with HVAC Ultraviolet lights.

Utilize infection-resistant materials. Employ daylighting strategies. Provide defined personal vs. social space. 

Negative 
Air Pressure 
Maintained

Positive 
Air Pressure 
Maintained
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SITE ANALYSIS DIAGRAM  – Site Flipped to Support Community Events:
 •  Pandemic Testing / Screening / Inoculations
 •  Food / Supplies Distribution

Site Planning 
Masterplanning or site planning is also an important consideration in fire station design. 
A comprehensive fire station campus design allows the fire service to support its local 
community in the threat mitigation process.   

Workflows, public areas, and operational concerns are paramount in designing or adapting 
a site to the needs of an agile firehouse. By considering the myriad of possible uses for an 
adaptive facility, many of the obsolescence factors we are discovering in existing firehouses 
may be avoided. A site analysis is conducted, and the site infrastructure is evaluated to ensure 
that the site can accommodate anticipated programs for the firehouse and the community.   

• Site Analysis – Determine access to, and movement through, the site and buildings. 
Identify zones for exterior community and firefighter support spaces.

• Site Infrastructure – Verify necessary systems are available to assist with ‘flipping the site’ 
to support exterior surge functions.

THREAT IDENTIFICATION

Firehouse

Firehouse 
Apparatus Bays

Outdoor On-Site 
Testing + Queuing 

(Tent if needed)

Main 
Entry

Protected 
Screening Area: 

Lower Level / 
Mass Inoculations: 

Upper Level

Drive-thru Testing Kiosk

Fire Apparatus 
ENTRY

Information 
+ Directional 

Signage

Fire Apparatus 
ENTRY

One-way 
Vehicular 

Traffic
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When he said this, Winston Churchill was speaking in a cultural and spiritual sense of ‘shaping 
us.’ Prophetically, he was also talking about a building’s impact on our physical and mental 
wellbeing. His comment, following the Berlin Blitz in 1943, seems relevant today — our 
buildings have the wherewithal to heal, regenerate, and sustain us.   

After surveying other facility types and relevant research, we have identified five (5) critical 
characteristics for a firehouse to resist the threats defined by FEMA, including an infectious 
disease pandemic such as COVID-19. Through thoughtful and purposeful design, the firehouse 
can become a tool to protect and improve firefighter health and be a community asset in 
times of disaster response and relief. The five elements of a healthy fire station are:

1. Isolation

2. Environmental Connections (HVAC / Humidity / Natural Light / Ventilation)

3. Recharge Spaces (with connection to Nature)

4. Microbe Resistant Materials

5. Cybersecurity / Safe Space Protection

By understanding and incorporating these five key characteristics we are better able to design 
or retrofit a firehouse to one that is agile (flexible, adaptable, and responsive) and well-
prepared to mitigate threats.  

THREAT IDENTIFICATION

Conclusion: 
“We shape our buildings, thereafter they shape us.” - Churchill, 1943
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Future Fire Station Design Strategy: Agile Buildings

Agile buildings are facilities that can “flip” or flex in order to respond to a 

variety of threats, such as natural disasters, active shooter threats, pathogens, 

carcinogens, and infectious diseases. These design concepts have five space 

types that can be quickly adjusted in response to a threat: 1.) the Apparatus Bay, 

2.) Bedrooms, 3.) IT Room, 4.) Respite / Recharge Spaces, and 5.) Community Room. 

The overall facility strategy, in the example shown below includes specific 

attributes that allow spaces to flip as highlighted in the following paragraphs.

AGILE SOLUTIONS
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1.  Apparatus Bay (Normal vs. Flipped)

The ability to flip bay space within the 
apparatus area allows the department to 
isolate a potentially contaminated vehicle 
for cleaning and decontamination, keeping 
the surrounding staff, vehicles, supplies, 
materials, and spaces safe and clean from 
the contaminant. This “flip” is achieved 
by a dividing curtain / operable wall and 
careful controls of the HVAC to keep 
the specific bay negative pressure to the 
surrounding spaces.

• Decontamination / Isolation Room: 
A designated area for decontamination 
and cleaning is necessary to isolate and 
avoid potential cross contamination of 
other vehicles, staff, and materials or 
supplies within the bay.

• Bay Negative Pressure: 
One way to create isolation space within 
the bay is to either design a completely 
separate bay for decontamination, or 
use drop-down curtains around the one 
bay that requires isolation with higher 
exhaust. In this way, HVAC systems in the 
bay that are used for decontamination 
are changed to negative pressure in 
relation to the surrounding bays or areas. 

• Natural Disaster / Civil Unrest 
Lockdown Mode: 
In order to protect the bay if these 
circumstances arise, hurricane shutters 
can be lowered to cover all glazed areas 
and a deluge system can be activated 
to provide a wall of water running on 
the outside of the shutters to resist fire 
and incendiary devices that may be 
lodged towards the facility. Both of these 
systems would be manually controlled by 
fire station personnel.    

AGILE SOLUTIONS

Apparatus Bay in everyday response mode. Apparatus Bay in isolation mode.
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Apparatus Bay floor plan with isolation dropdown.
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2.  Bedrooms (Normal vs. Flipped)

COVID-19 has proven new challenges when 
mitigation is required to stop the spread of 
the pathogens. In these instances isolation 
or quarantine can be utilized as protective 
measures. By designing capacity within 
the building and within the air handling 
systems, the room that the infected (or 
potentially infected) teammate is using 
could be converted to negative pressure. A 
carefully designed isolation space protects 
other firefighters, keeping them safe from 
infection while giving the sick teammate a 
place to recover. Isolation at the fire station 
also keeps infection from spreading to the 
colleague’s family at home.)

• Bedroom Negative Pressure: 
Using the HVAC system to create pressure 
differentials between adjoining rooms 
is a common practice in healthcare 
environments to protect patients in 
surgical environments or protect staff and 
patients from potential airborne illnesses. 
This same solution can be used to keep 
firefighters safe from an infected team 
member who is recovering in a sleeping 
room at the station. The bedroom would 
be pressurized to be negative to the ante 
room which would then be pressurized 
negative to the surrounding spaces. This 
ensures that any contaminated air is 
exhausted directly out of the space and 
the air pull is towards the exhaust, keeping 
potentially contaminated air out of the 
fire station. The negative pressure system 
allows the remainder of the fire station to 
continue to function at normal levels even 
while housing a potentially sick firefighter.

• Bedrooms + 
Entry Vestibules: 
Vestibules or ante-
rooms are transition 
spaces for gowning 
and/or sleeping 
areas for staff 
or patients. The 
couplet bedrooms 
allow for two rooms 
to share one ante-
room, minimizing 
the additional 
space needed to 
create safe isolation 
rooms, but still providing a safe space 
for a teammate who is helping care 
for an infected firefighter. Since every 
bedroom would not require its own 
ante-room, the ante-room would be 
pressurized to be negative to the 
hallway serving additional sleeping 
quarters, protecting the surrounding 
spaces from infection, while also giving 
a caregiver a safe space to don and doff 
proper protective equipment (PPE). 
The infected firefighter’s sleeping room 
would be negative to the ante-room, 
again giving the caregiver space to 
don and doff PPE. Additionally, when 
multiple sleeping rooms are needed 
for impacted firefighters, the agile fire 
station can serve as an isolation pod for 
the department. By ‘flipping’ the multi-
purpose community room to sleeping 
rooms the fire station response capability 
is maintained with a staff of ‘well 
firefighters’ to support the department’s 
response capabilities. 
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3.  IT / Cybersecurity / Safe Room (Normal vs. Flipped)

Emergency Centers, such as a firehouse, are defined as “Critical 
Infrastructure” and fall under the President’s Policy Directive / 
PPD-21 6. These facilities are required to meet certain Cybersecurity 
Facility Criteria to remain operational during a crisis event. The 
associated facility requirements are defined in the Department of 
Defense (DoD) Cybersecurity Facility Requirements (UFC 4-010-06) 7. 
The recommended upgrades outlined in this paper are designed to 
bring the firehouse IT / Cyber Spaces into compliance and allow the 
facility to remain operational when under threat.

• The Cyber (IT) Room normally acts as the cyber center for the fire station. To comply 
with PPD-21, it has special characteristics that protect the communication systems, such 
as hardened perimeter floors, walls, and ceilings and is equipped with tamper-evident 
hardware. Redundant data sources are provided so the facility stays ‘live’ during a threat.   
The IT room has direct access to the exterior so data feeds can be easily monitored and 
security can be maintained. The space is also secured with hardened, bullet-resistent 
features. This allow the area to double as a safe space in the event of an active shooter 
incident or in the event of a natural disaster such as a tornado. 
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• The SCIF or Sensitive Compartmented Information Facility is an accredited area, room, 
or building where Sensitive Compartmented Information (SCI), is stored, used, processed or 
discussed. 8 A SCIF could be incorporated into the fire station IT room as critical infrastructure 
to support multi-discipline or multi-agency coordination during emergencies. Standard SCIF 
design outlines: 1.) a comprehensive Security in Depth (SID) approach, 2.) installation of 
various physical perimeter barriers, and 3.) implementation of access or intrusion systems. 

1. Security in Depth (SID) is a systematic, 
multi-layered approach to physical 
security. Typical measures include:

 › Establishing the site perimeter with 

physical barriers

 › Controlling site access with a controlled 

access point

 › Enhancing the building perimeter 

 › Securing the entire perimeter of the SCIF, 

whether part of the building perimeter or further within the structure

2. The physical perimeter of the SCIF consists of all walls, floors, ceilings, and potentially the 
roof. Any penetrations of the SCIF perimeter must occur in a limited number of locations. 
The SCIF accreditation process even governs unique anti-tampering requirements for 
each utility, such as baffles and mangrates on mechanical ducts and shielding on electrical 
systems. Typical design and construction considerations include:

 › RF Shielding

 › Specific types of door construction/door hardware 

 › Concrete or steel vault construction 

 › Sound transmission coefficient (STC) rating of 45 or 50 

to resist eavesdropping and counter surveillance 

3. The implementation and operation of Access Control Systems (ACS) and Intrusion 
Detection Systems (IDS) are additional requirements for a secure SCIF. Today’s highly-
connected digital world requires a whole list of separate communications systems that 
must be secured, including:

 › Data (LAN / WAN)

 › TEMPEST Countermeasures

 › Fire Alarm / Mass Notification Systems

 › HVAC DDC System Communication Protocols

Security In Depth (SID)

Tamper Resistant Hinges

Illustrations this page, source: Unified Facilities 
Criteria (UFC), Sensitive Compartmented Information 
Facilities Planning, Design, and Construction; 2013.8
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TOC



24 |    COMMUNITY / WHITE PAPER

WD

UP

W D

DESIGN STRATEGIES

• Provide firefighter respite space within the isolation 
unit or cluster to allow various opportunities for mental 
reprieve without crossing the containment barrier.

• Consider design elements such as adjustable lighting, 
adjustable white noise, and a soothing paint scheme.

• Provide access to an outdoor space for respite or 
activity in nature.

4.  Respite / Recharge / Exercise Rooms (Normal vs. Flipped) 

The respite rooms are quiet, purpose-built space to support 
mental and physical recovery from stressful events. The spaces 
are also equipped to support quiet, group exercise activities 
such as yoga and stretching and are designed to encourage 
firefighters to relax and ‘commune with nature’ through 
Virtual Reality (VR) Guided Mental Health Exercise. Significant 
research documents impressive mental and physical health 
benefits for our first responders when adding these spaces.   

RESPITE ROOM BUBBLE DIAGRAM

Respite Room

Outdoor  

Nature  

Space

EntryEquipment Storage

Imaging 
Technology 
Virtual Reality 

Equipment
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UP

AGILE SOLUTIONS

5.  Community Room / 2nd Level (Normal vs. Flipped) 

The community room is available for public functions and large-scale training sessions. 
When needed, the space can be ‘flipped’ to a dormitory allowing the bedrooms to become 
isolation spaces to support firefighters who may need to quarantine for a time. Conversely, 
if the firehouse bedrooms are housing ill firefighters, the community room can function as 
dormitories for well firefighters to staff the station and support operational readiness.   

Additionally, the urgency for mass community testing or inoculation may be supported by 
the flipped community room. Weather permitting, a one-way travel corridor through the 
community room and adjacent covered outdoor spaces may be leveraged to support public 
health initiatives while isolating the treat of contamination from those occupying the living and 
working spaces of the firehouse.  

Community room flipped to mass inoculation space.

5.

COMMUNITY ROOM FLOOR PLAN

ISOLATED
ENTRY
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AGILE SOLUTIONS

DESIGN STRATEGIES

 X All materials installed should be easily cleanable with minimized crevices  
and ledges. 

 X Place televisions and touchscreen devices behind a clear washable panel or 
inside the wall.

 X Design spaces to be touchless where possible, including lights, screens, and 
plumbing fixtures. However, touchless faucets are not recommended as studies have 
shown less compliance with proper hand washing duration and water temperature 
when using touchless versus standard faucets.

 X  Utilize biocidal materials, such as copper, in the most frequently touched places. 
Though more expensive than materials like stainless steel or composite solid surface, 
copper has been shown to disrupt and kill viruses such as COVID-19 in as few as four 
hours, compared to 72-96 hours for other hard surfaces. 9 Products range from sinks 
and faucets to bed rail covers and handrails.

 X  Utilize UV lighting systems to sterilize spaces. Mobile systems have been 
developed from a variety of manufacturers that can sterilize a space within a 15- to 
30-minute time frame. While the process is comparatively fast and effective, there 
have been reports of faster degradation of finish materials. Studies have shown that 
using a UV reflective paint can increase the effectiveness of light distribution.

 X Develop a standard signage package for use during an event to identify zones 
such as Clean, Soiled, Isolation, Restricted, Staff Work, Equipment Storage, and PPE 
Storage. Using universal signage throughout the facility and training firefighters in 
advance reduces stress and confusion and increases infection prevention compliance 
as spaces flex from normal conditions in response to the event. Signage should be 
color coded and printed on material that is durable and scrubbable and attached 
without exposed adhesives.

Systems Design

The systems and materials selected for the fire station will support the spaces as 

they “flip” into threat mitigation mode. Specifically, the design and selection of 

finish materials, signage, and HVAC systems are critical to successful sustainable 

wellness at the fire station.

Finishes + Signage
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DESIGN STRATEGIES

 X  Provide in-line filtration with specialized pre-filter, plus an inline HEPA filter, ensuring 
proper filter fit and installation. Return air should be HEPA filtered.

 X Maintain humidity levels between 40%-80% relative humidity, with a target range of 
40%-60%.

 X Design pressure flexibility in rooms with attached toilets by sizing toilet exhaust fans 
with increased capacity. When combined with HEPA filtration through fixed or mobile 
units and units with increasable outside air to offset pressure differentials, rooms can 
be converted to negative pressure at comparatively low upfront investment. Evaluate 
pressure influence on entire floor during design.

 X Utilize UV in-line duct sterilization. Evidence shows reliable sterilization performance, 
but anecdotal feedback from users indicates some maintenance challenges.

 X Ventilated headboards have been developed that are easy to erect at the firefighter 
head, in lieu of changing room pressure, and have been shown to remove 99% of 
infectious-sized particles. 9

In-line UV light kills airborne mold, bacteria, and viruses that enter the duct system, sterilizing the air as it moves 
forward for distribution.

HVAC

IN-LINE UV LIGHT STERILIZATION

UV 
Sterilization 

Light

CLEAN AIR

• Mold

• Bacteria

• Viruses
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AIR FLOW DIAGRAM OF BEDROOM SPACES

Design pressure-adaptable rooms, clusters of room or wings / pods with the following:

 X System supplying the area must be designed to go to 100% outside air. 

 X Walls to deck at the perimeter of each room. Also walls to deck around the cluster if 
planning for a segregated grouping of rooms. 

 X To minimize pressure cascade, vestibules are recommended at the entrance to each 
room and/or cluster, if planning for a segregated grouping of rooms.

 X  Individual exhaust vertically discharged from each room, or exhaust from each room 
ganged to a high velocity exhaust with vertical discharge if an entire cluster is to operate 
at the same negative setting simultaneously.

AGILE SOLUTIONS

Pressure adaptable room configurations provide opportunities for rapid on-demand flexibility during surge events.
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Conclusion: Design Synthesis

Agile solutions and flexible spaces combine into a unified building concept.

Synergistic design and engineering better positions the fire service for maximum effective 
preparedness ahead of the next infectious event or threat. Through the application of lessons 
learned from the COVID-19 response, we understand that designing agile response-ability 
into our buildings and infrastructure safeguards the health and safety of responders and 
supports sustained operational effectiveness. Having a well-vetted, agile facility with capacity 
to support rapid response against a variety of disasters, carcinogens, and pathogens is critical 
to fire service success and community health during any large scale emergency.
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Access & Prioritize Risk: 
The National Planning System

The National Planning System (NPS) 

provides a unified approach and common 

terminology to plan for all-threats and 

hazards and across all mission areas 

of Prevention, Protection, Mitigation, 

Response, and Recovery.10 Using the fire 

service language and incident management concepts of 

the NPS (created by the Department of Homeland Security) 

assists us, both design professionals and firefighters, in 

understanding the dynamics of change. The evaluation and 

process outlined in this white paper seeks to change the 

path of fire station design and renovation to dramatically 

increase margins of protection. Actions in emergency 

response are based on time-tested protocols. Firefighters 

risk a lot to save a life and will risk nothing if nothing is 

to be gained. First and foremost — a risk versus reward 

analysis needs to be considered. This paradigm must now be 

driven from the emergency scene into firehouse design and 

construction knowing that nothing is gained from exposures 

and contamination within the walls of the firehouse — the 

fundamental safe haven for firefighters. 

IMPLEMENTATION
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The concept of reducing unnecessary 
risk is at the root of this new firehouse 
examination. Risks to firefighter health in 
this investigation are categorized in much 
the same way patients are triaged by first 
responders at a mass casualty incident. 

A simple red-yellow-green scale identifies 
the level of risks, and assists the team 
in applying resources for their greatest 
benefit in emergency response. This visual 
and easily understood prioritization sets 
a framework for developing an action 
plan to improve both existing and newly 
constructed firehouses. In the assessment of 
a firehouse a more complex continuum for 
analysis is proposed. 

A five-step, color-coded continuum 
progresses from Critical to Best: 
1.  Critical (Red), 
2.  Poor (Orange), 
3.  Fair (Yellow), 
4.  Good (Blue), 
5.  Best (Green). 

In our proprietary fire station assessment 
tool (pictured below), risk is prioritized by 
color with utilization of terms familiar to 
fire service leadership. Possible mitigation 
strategies fall into categories further 
aligning with the National Planning System. 
This assessment tool allows our design 
team to measure key success factors for 
sustainable wellness and create a prioritized 
plan for phased improvements.

IMPLEMENTATION

Planning is fundamental for our national preparedness. Applying the concepts of 

the NPS to our design approach guides a new, integrated intervention model for 

the future of fire stations and health of our first responders.

FIREHOUSE WELLNESS ASSESSMENT TOOL
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The fire service is in the unique position 
to respond to contemporary threats 
with innovation and agility through 
new building design and retrofitting 
facilities. The foundation set forth in the 
United States Fire Administration (USFA) 
design guidance is a sound foundation. 
The USFA guidance documents; however, 
do not address all the threats identified in 
the National Planning Scenarios. Through 
innovation and progressive thought, leaders 
in design and emergency response will 
position the fire service for success in the 
current pandemic and future challenges. 
The ability to transform key multi-use spaces 
in the firehouse is a key component of this 
evolution. Now is the time to clearly identify 
and address the threats to the emergency 
responder’s core facility — the fire station.

IDEAL DESIGN + NEXT STEPS
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Design has the power to transform our 
communities for a better world. Through 
engaging the right stake holders and 
thought leaders, every community benefits 
from an increase in the existing knowledge 
base surrounding fire station design. 
Innovative architects and engineers are 
invaluable team members in solving today’s 
pandemic-centric problems — making us 
better equipped to respond to and manage 
tomorrows threats. We must prepare for 
the threats identified in the DHS National 
Planning Scenarios as a starting point. 

COVID-19 has taught us that we cannot 
anticipate what is ahead or rigidly pre-plan 
a scripted response. We must; however, be 
prepared to act with agility. The core of the 
emergency response built environment, the 
firehouse, serves as the keystone for our 
preparedness and response.

This paper outlines a best-in-class solution. 
For the fire departments considering new 
construction, these concepts can be applied 
directly to design solutions. For the vast 
majority of existing firehouses, this paper 
serves as a springboard for innovation. 

Professionalism of the fire service must step 
to the next level, including a recognition 
that we must ask for help and share in 
common solutions. Innovation, flexibility, 
and collaboration are at the core of a great 
design team. Fire service leaders must now 
help define the problems we face, and have 
the wisdom to allow building and design 
professionals set waypoints along our 
common path for resilience and national 
preparedness. Together, we can define 
creative solutions to help build a better, 
safer world. The following pages showcase 
our conceptual renderings to begin this 
process and dialogue.

IDEAL DESIGN

Exterior Rendering of Ideal Fire Station.
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View of Lower Level Community Room and Main Entry.

View of Main Entry and Outdoor Plaza.
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View of Upper Level Community Room.

AGILE SOLUTIONS

Community Room in Isolation Mode

Community Room flipped to Lecture Hall. 
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View of Apparatus Bay Drive-Through.

Aerial Perspective of Site.
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Apparatus Bay in Everyday Response Mode.

Apparatus Bay in Isolation Mode.
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