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Certain commercial entities, equipment, or materials may
be identified in this document in order to describe an
experimental procedure or concept adequately. Such
identification is not intended to imply recommendation or
endorsement by the National Institute of Standards and
Technology, nor is it intended to imply that the entities,
materials, or equipment are necessarily the best available
for the purpose.
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Service expectations placed on the fire service, including
Emergency Medical Services (EMS), response to natural
disasters, hazardous materials incidents, and acts of

terrorism, have steadily increased. However, local
decision-makers are challenged to balance these community
service expectations with finite resources without a solid technical
foundation for evaluating the impact of staffing and deployment
decisions on the safety of the public and firefighters.
For the first time, this study investigates the effect of varying
crew size, first apparatus arrival time, and response time on
firefighter safety, overall task completion, and interior residential
tenability using realistic residential fires. This study is also unique
because of the array of stakeholders and the caliber of technical
experts involved. Additionally, the structure used in the field
experiments included customized instrumentation; all related
industry standards were followed; and robust research methods
were used. The results and conclusions will directly inform the
NPFA 1710 Technical Committee, who is responsible for
developing consensus industry deployment standards.

This report presents the results of more than 60 laboratory and
residential fireground experiments designed to quantify the
effects of various fire department deployment configurations on
the most common type of fire — a low hazard residential
structure fire. For the fireground experiments, a 2,000 sq ft (186
m2), two-story residential structure was designed and built at the
Montgomery County Public Safety Training Academy in
Rockville, MD. Fire crews from Montgomery County, MD and
Fairfax County, VA were deployed in response to live fires within
this facility. In addition to systematically controlling for the
arrival times of the first and subsequent fire apparatus, crew size
was varied to consider two-, three-, four-, and five-person staffing.
Each deployment performed a series of 22 tasks that were timed,
while the thermal and toxic environment inside the structure was
measured. Additional experiments with larger fuel loads as well as
fire modeling produced additional insight. Report results quantify
the effectiveness of crew size, first-due engine arrival time, and
apparatus arrival stagger on the duration and time to completion
of the key 22 fireground tasks and the effect on occupant and
firefighter safety.

Abstract

9



Both the increasing demands on the fire service - such as the
growing number of EmergencyMedical Services (EMS)
responses, challenges from natural disasters, hazardous

materials incidents, and acts of terrorism—and previous research
point to the need for scientifically based studies of the effect of
different crew sizes and firefighter arrival times on the effectiveness of
the fire service to protect lives and property. Tomeet this need, a
research partnership of the Commission on Fire Accreditation
International (CFAI), International Association of Fire Chiefs (IAFC),
International Association of Firefighters (IAFF),National Institute of
Standards and Technology (NIST), andWorcester Polytechnic
Institute (WPI) was formed to conduct amultiphase study of the
deployment of resources as it affects firefighter and occupant safety.
Starting in FY 2005, funding was provided through the Department of
Homeland Security (DHS) / Federal EmergencyManagementAgency
(FEMA)Grant ProgramDirectorate for Assistance to Firefighters
Grant Program—Fire Prevention and Safety Grants. In addition to
the low-hazard residential fireground experiments described in this
report, themultiple phases of the overall research effort include
development of a conceptual model for community risk assessment
and deployment of resources, implementation of a generalizable
department incident survey, and delivery of a software tool to quantify
the effects of deployment decisions on resultant firefighter and civilian
injuries and on property losses.
The first phase of the project was an extensive survey of more than
400 career and combination (both career and volunteer) fire
departments in the United States with the objective of optimizing a
fire service leader’s capability to deploy resources to prevent or
mitigate adverse events that occur in risk- and hazard-filled
environments. The results of this survey are not documented in this
report, which is limited to the experimental phase of the project.
The survey results will constitute significant input into the
development of a future software tool to quantify the effects of
community risks and associated deployment decisions on resultant
firefighter and civilian injuries and property losses.

The following research questions guided the experimental
design of the low-hazard residential fireground experiments
documented in this report:

1. How do crew size and stagger affect overall start-to-completion
response timing?

2. How do crew size and stagger affect the timings of task
initiation, task duration, and task completion for each of the 22
critical fireground tasks?

3. How does crew size affect elapsed times to achieve three critical
events that are known to change fire behavior or tenability
within the structure:
a. Entry into structure?
b.Water on fire?
c. Ventilation through windows (three upstairs and one back
downstairs window and the burn room window).

4. How does the elapsed time to achieve the national standard of
assembling 15 firefighters at the scene vary between crew sizes
of four and five?

In order to address the primary research questions, the research
was divided into four distinct, yet interconnected parts:

� Part 1— Laboratory experiments to design appropriate fuel load

� Part 2 — Experiments to measure the time for various crew
sizes and apparatus stagger (interval between arrival of
various apparatus) to accomplish key tasks in rescuing
occupants, extinguishing a fire, and protecting property

� Part 3 — Additional experiments with enhanced fuel load that
prohibited firefighter entry into the burn prop – a building
constructed for the fire experiments

� Part 4 — Fire modeling to correlate time-to-task completion
by crew size and stagger to the increase in toxicity of the
atmosphere in the burn prop for a range of fire growth rates.

The experiments were conducted in a burn prop designed to
simulate a low-hazard1 fire in a residential structure described as
typical in NFPA 1710® Organization and Deployment of Fire
Suppression Operations, Emergency Medical Operations, and Special
Operations to the Public by Career Fire Departments. NFPA 1710 is
the consensus standard for career firefighter deployment,
including requirements for fire department arrival time, staffing
levels, and fireground responsibilities.
Limitations of the study include firefighters’ advance knowledge
of the burn prop, invariable number of apparatus, and lack of
experiments in elevated outdoor temperatures or at night. Further,
the applicability of the conclusions from this report to commercial
structure fires, high-rise fires, outside fires, terrorism/natural
disaster response, HAZMAT or other technical responses has not
been assessed and should not be extrapolated from this report.

Primary Findings
Of the 22 fireground tasks measured during the experiments,
results indicated that the following factors had the most
significant impact on the success of fire fighting operations. All
differential outcomes described below are statistically significant
at the 95 % confidence level or better.

Overall Scene Time:
The four-person crews operating on a low-hazard structure fire
completed all the tasks on the fireground (on average) seven
minutes faster — nearly 30 %— than the two-person crews. The
four-person crews completed the same number of fireground
tasks (on average) 5.1 minutes faster — nearly 25 %— than the
three-person crews. On the low-hazard residential structure fire,
adding a fifth person to the crews did not decrease overall
fireground task times. However, it should be noted that the

1 A low-hazard occupancy is defined in the NFPA Handbook as a one-, two-, or three-family dwelling and some small businesses. Medium hazards occupancies include
apartments, offices, mercantile and industrial occupancies not normally requiring extensive rescue or firefighting forces. High-hazard occupancies include schools,
hospitals, nursing homes, explosive plants, refineries, high-rise buildings, and other highlife hazard or large fire potential occupancies.

Executive Summary
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2 NFPA Standard 1710 - A.5.2.4.2.1 …Other occupancies and structures in the community that present greater hazards should be addressed by additional fire fighter
functions and additional responding personnel on the initial full alarm assignment.
3 NFPA 1710 Standard for the Organization and Deployment of Fire Suppression Operations, Emergency Medical Operations, and Special Operations to the Public by
Career Fire Departments. Section 5.2.1 – Fire Suppression Capability and Section 5.2.2 Staffing.
4 As defined in the handbook, a fast fire grows exponentially to 1.0 MW in 150 seconds. A medium fire grows exponentially to 1 MW in 300 seconds. A slow fire grows
exponentially to 1 MW in 600 seconds. A 1 MW fire can be thought-of as a typical upholstered chair burning at its peak. A large sofa might be 2 to 3 MWs.

benefit of five-person crews has been documented in other
evaluations to be significant for medium- and high-hazard
structures, particularly in urban settings, and is recognized in
industry standards.2

Time to Water on Fire:
There was a 10% difference in the “water on fire” time between
the two- and three-person crews. There was an additional 6%
difference in the "water on fire" time between the three- and
four-person crews. (i.e., four-person crews put water on the fire
16% faster than two person crews). There was an additional 6%
difference in the “water on fire” time between the four- and
five-person crews (i.e. five-person crews put water on the fire 22%
faster than two-person crews).

Ground Ladders and Ventilation:
The four-person crews operating on a low-hazard structure fire
completed laddering and ventilation (for life safety and rescue)
30 % faster than the two-person crews and 25 % faster than the
three-person crews.

Primary Search:
The three-person crews started and completed a primary search
and rescue 25 % faster than the two-person crews. The four- and
five-person crews started and completed a primary search 6 %
faster than the three-person crews and 30 % faster than the
two-person crew. A 10 % difference was equivalent to just over
one minute.

Hose Stretch Time:
In comparing four-and five-person crews to two-and
three-person crews collectively, the time difference to stretch a line
was 76 seconds. In conducting more specific analysis comparing
all crew sizes to the two-person crews the differences are more
distinct. Two-person crews took 57 seconds longer than
three-person crews to stretch a line. Two-person crews took
87 seconds longer than four-person crews to complete the same
tasks. Finally, the most notable comparison was between
two-person crews and five-person crews —more than 2 minutes
(122 seconds) difference in task completion time.

Industry Standard Achieved:
As defined by NFPA 1710, the “industry standard achieved”
time started from the first engine arrival at the hydrant and ended
when 15 firefighters were assembled on scene.3 An effective
response force was assembled by the five-person crews three
minutes faster than the four-person crews. Based on the study
protocols, modeled after a typical fire department apparatus
deployment strategy, the total number of firefighters on scene in
the two- and three-person crew scenarios never equaled 15 and
therefore the two- and three-person crews were unable to
assemble enough personnel to meet this standard.

Occupant Rescue:
Three different “standard” fires were simulated using the Fire
Dynamics Simulator (FDS) model. Characterized in the
Handbook of the Society of Fire Protection Engineers as slow-,

medium-, and fast-growth rate4, the fires grew exponentially with
time. The rescue scenario was based on a non-ambulatory
occupant in an upstairs bedroom with the bedroom door open.
Independent of fire size, there was a significant difference between
the toxicity, expressed as fractional effective dose (FED), for
occupants at the time of rescue depending on arrival times for all
crew sizes. Occupants rescued by early-arriving crews had less
exposure to combustion products than occupants rescued by
late-arriving crews. The fire modeling showed clearly that
two-person crews cannot complete essential fireground tasks in time
to rescue occupants without subjecting them to an increasingly toxic
atmosphere. For a slow-growth rate fire with two-person crews, the
FED was approaching the level at which sensitive populations, such
as children and the elderly are threatened. For a medium-growth
rate fire with two-person crews, the FED was far above that
threshold and approached the level affecting the general population.
For a fast-growth rate fire with two-person crews, the FED was well
above the median level at which 50% of the general population
would be incapacitated. Larger crews responding to slow-growth
rate fires can rescue most occupants prior to incapacitation along
with early-arriving larger crews responding to medium-growth rate
fires. The result for late-arriving (twominutes later than
early-arriving) larger crews may result in a threat to sensitive
populations for medium-growth rate fires. Statistical averages
should not, however,mask the fact that there is no FED level so low
that every occupant in every situation is safe.

Conclusion:
More than 60 full-scale fire experiments were conducted to
determine the impact of crew size, first-due engine arrival time, and
subsequent apparatus arrival times on firefighter safety and
effectiveness at a low-hazard residential structure fire. This report
quantifies the effects of changes to staffing and arrival times for
residential firefighting operations.While resource deployment is
addressed in the context of a single structure type and risk level, it is
recognized that public policy decisions regarding the cost-benefit of
specific deployment decisions are a function of many other factors
including geography, local risks and hazards, available resources, as
well as community expectations. This report does not specifically
address these other factors.
The results of these field experiments contribute significant
knowledge to the fire service industry. First, the results provide a
quantitative basis for the effectiveness of four-person crews for
low-hazard response in NFPA 1710. The results also provide valid
measures of total effective response force assembly on scene for
fireground operations, as well as the expected performance
time-to-critical-task measures for low-hazard structure fires.
Additionally, the results provide tenability measures associated
with a range of modeled fires.
Future research should extend the findings of this report in
order to quantify the effects of crew size and apparatus arrival
times for moderate- and high-hazard events, such as fires in
high-rise buildings, commercial properties, certain factories, or
warehouse facilities, responses to large-scale non-fire incidents, or
technical rescue operations.
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The fire service in the United States has a deservedly proud
tradition of service to community and country dating back
hundreds of years. As technology advances and the scope

of service grows (e.g., more EMS obligations and growing
response to natural disasters, hazardous materials incidents, and
acts of terrorism), the fire service remains committed to a core
mission of protecting lives and property from the effects of fire.
Firefighting is a dangerous business with substantial financial
implications. In 2007, U.S. municipal fire departments responded
to an estimated 1,557,500 fires. These fires killed 3,430 civilians
(non-firefighters) and contributed to 17,675 reported civilian fire
injuries. Direct property damage was estimated at $14.6 billion
dollars (Karter, 2008). In spite of the vigorous nationwide efforts

to promote firefighter safety, the number of firefighter deaths has
consistently remained tragically high. In both 2007 and 2008, the
U.S. Fire Administration reported 118 firefighter fatalities (USFA
2008).
Although not all firefighter deaths occur on the fireground—
accidents in vehicles and training fatalities add to the numbers —
every statistical analysis of the fire problem in the United States
identifies residential structure fires as a key component in
firefighter and civilian deaths, as well as direct property loss.
Consequently, community planners and decision-makers need
tools for optimally aligning resources with the service
commitments needed for adequate protection of citizens.

Background
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Despite the magnitude of the fire problem in the United
States, there are no scientifically based tools available to
community and fire service leaders to assess the effects of

prevention, fixed sprinkler systems, fire fighting equipment, or
deployment and staffing decisions. Presently, community and fire
service leaders have a qualitative understanding of the effect of
certain resource allocation decisions. For example, a decision to
double the number of firehouses, apparatus, and firefighters
would likely result in a decrease in community fire losses, while
cutting the number of firehouses, apparatus, and firefighters
would likely yield an increase in the community fire losses, both
human and property. However, decision-makers lack a sound

basis for quantifying the total impact of enhanced fire resources
on the number of firefighter and civilian lives saved and injuries
prevented.
Studies on adequate deployment of resources are needed to
enable fire departments, cities, counties, and fire districts to
design an acceptable level of resource deployment based upon
community risks and service provision commitment. These
studies will assist with strategic planning and municipal and state
budget processes. Additionally, as resource studies refine data
collection methods and measures, both subsequent research and
improvements to resource deployment models will have a sound
scientific basis.

Problem
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Research to date has documented a consistent relationship
between resources deployed and firefighter and civilian
safety. Studies documenting engine and ladder crew

performance in diverse simulated environments as well as actual
responses show a basic relationship between apparatus staffing
levels and a range of important performance variables and
outcome measurements such as mean on-scene time, time-to-task
completion, incidence of injury among fire service personnel, and
costs incurred as a result of on-scene injuries (Cushman 1981,
McManis 1984, Morrison 1990, Ontario 1991, Phoenix 1991,
Roberts 1993).
Reports by fire service officials and consulting associates
reviewing fire suppression and emergency response by fire crews
in U.S. cities were the first publications to describe the
relationship between adequate staffing levels and response time,
time to completion of various fireground tasks, overall
effectiveness of fire suppression, and estimated value of property
loss for a wide range of real and simulated environments. In 1980,
the Columbus Fire Division’s report on firefighter effectiveness
showed that for a predetermined number of personnel initially
deployed to the scene of a fire, the proportion of incidents in
which property loss exceeded $5,000 and horizontal fire spread of
more than 25 sq ft (2.3 m2) was significantly greater for crews
whose numbers fell below the set thresholds of 15 total fireground
personnel at residential fires and 23 at large-risk fires (Backoff
1980). The following year, repeated live experiments at a
one-family residential site using modern apparatus and
equipment demonstrated that larger units performed tasks and
accomplished knockdown more quickly, ultimately resulting in a
lower percentage of loss attributable to factors controlled by the
fire department. The authors of this article highlighted that the
fire company is the fire department’s basic working unit and
further emphasized the importance of establishing accurate and
up-to-date performance measurements to help collect data and
develop conclusive strategies to improve staffing and equipment
utilization (Gerard 1981).
Subsequent reports from the United States Fire Administration
(USFA) and several consulting firms continued to provide
evidence for the effects of staffing on fire crews’ ability to
complete tasks involved in fire suppression efficiently and
effectively. Citing a series of tests conducted in 1977 by the Dallas
Fire Department that measured the time it took three-, four-, and
five-person teams to advance a line and put water on a simulated
fire at the rear of the third floor of an old school, officials from the
USFA underscored that time-to-task completion and final level of
physical exhaustion for crews markedly improved not after any
one threshold, but with the addition of each new team member.
This report went on to outline the manner in which simulated
tests exemplify a clear-cut means to record and analyze the
resources initially deployed and finally utilized at fire scenes (NFA
1981). A later publication detailing more Dallas Fire Department
simulations — ninety-one runs each for a private residential fire,
high-rise office fire, and apartment house fire — showed again
that increased staffing levels greatly enhanced the coordination
and effectiveness of crews’ fire suppression efforts during a finite
time span (McManis Associates 1984). Numerous studies of local
departments have supported this conclusion using a diverse
collection of data, including a report by the National Fire

Academy (NFA) on fire department staffing in smaller
communities, which showed that a company crew staffed with
four firefighters could perform rescue of potential victims
approximately 80 % faster than a crew staffed with three
firefighters (Morrison 1990).
During the same time period that the impact of staffing levels on
fire operations was gaining attention, investigators began to
question whether staffing levels could also be associated with the
risk of firefighter injuries and the cost incurred as a result of such
injuries at the fire scene. Initial results from the Columbus Fire
Division showed that “firefighter injuries occurred more often
when the total number of personnel on the fireground was less
than 15 at residential fires and 23 at large-risk fires” (Backoff
1980), and mounting evidence has indicated that staffing levels
are a fundamental health and safety issue for firefighters in
addition to being a key determinant of immediate response
capacity. One early analysis by the Seattle Fire Department for
that city’s Executive Board reviewed the average severity of
injuries suffered by three-, four-, and five-person engine
companies, with the finding that “the rate of firefighter injuries
expressed as total hours of disability per hours of fireground
exposure were 54 % greater for engine companies staffed with 3
personnel when compared to those staffed with 4 firefighters,
while companies staffed with 5 personnel had an injury rate that
was only one-third that associated with four-person companies”
(Cushman 1981). A joint report from the International
Association of Fire Fighters (IAFF) and Johns Hopkins University
concluded, after a comprehensive analysis of the minimum
staffing levels and firefighter injury rates in U.S. cities with
populations of 150,000 or more, that jurisdictions operating with
crews of less than four firefighters had injury rates nearly twice
the percentage of jurisdictions operating with crews of
four-person crews or more (IAFF, JHU 1991).
More recent studies have continued to support the finding that
staffing per piece of apparatus integrally affects the efficacy and
safety of fire department personnel during emergency response
and fire suppression. Two studies in particular demonstrate the
consistency of these conclusions and the increasing level of detail
and accuracy present in the most recent literature, by looking
closely at the discrete tasks that could be safely and effectively
performed by three- and four-person fire companies. After testing
drills comprised of a series of common fireground tasks at several
fire simulation sites, investigators from the Austin Fire
Department assessed the physiological impact and injury rates
among the variably staffed fire crews. In these simulations, an
increase from a three- to four-person crew resulted in marked
improvements in time-to-task completion or efficiency for the
two-story residential fire drill, aerial ladder evolution, and
high-rise fire drill, leading the researchers to conclude that loss of
life and property increases when a sufficient number of personnel
are not available to conduct the required tasks efficiently,
independent of firefighter experience, preparation, or training.
Reviews of injury reports by the Austin Fire Department
furthermore revealed that the injury rate for three-person
companies in the four years preceding the study was nearly
one-and-a-half that of crews staffed with four or more personnel
(Roberts 1993). In a sequence of similar tests, the Office of the
Fire Marshal of Ontario, Canada likewise found that three-person
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fire companies were unable to safely perform deployment of
backup protection lines, interior suppression or rescue operations,
ventilation operations that required access to the roof of the
involved structure, use of large hand-held hose lines, or establish a
water supply from a static source without additional assistance
and within the time limits of the study. Following these data, Fire
Marshal officials noted that three-person crews were also at
increased risk for exhaustion due to insufficient relief at fire
scenes and made recommendations for the minimum staffing
levels per apparatus necessary for suppression and rescue related
tasks (Office of the Fire Marshal of Ontario 1993).
The most comprehensive contemporary studies on the
implications of fire crew staffing now include much more
accurate performance measures for tasks at the fireground, in
addition to the basic metric of response time. They include
environmental measures of performance, such as total water
supply, which expand the potential for assessing the
cost-effectiveness of staffing not only in terms of fireground
personnel injury rates but also comparative resource expenditure
required for fire suppression. Several examples from the early
1990s show investigators and independent fire departments
beginning to gather the kind of specific, comprehensive data on
staffing and fireground tasks such as those suggested and outlined
in concurrent local government publications that dealt with
management of fire services (Coleman 1988). A report by the
Phoenix Fire Department laid out clear protocols for responding
to structure fires and response evaluation in terms of staffing,
objectives, task breakdowns, and times in addition to outlining
the responsibilities of responding fire department members and
the order in which they should be accomplished for a full-scale
simulation activity (Phoenix 1991). One attempt to devise a
prediction model for the effectiveness of manual fire suppression
similarly reached beyond response time benchmarks to describe
fire operations and the step-by-step actions of firefighters at
incident scenes by delineating the time-to-task breakdowns for
size-up, water supply, equipment selection, entry, locating the fire,
and advancing hose lines, while also comparing the predicted
time-to-task values with the actual times and total resources
(Menker 1994). Two separate studies of local fire department
performance, one from Taoyuan County in Taiwan and another
from the London Fire Brigade, have drawn ties between fire crews’
staffing levels and total water demand as the consequence of both
response time and fire severity. Field data from Taoyuan County
for cases of fire in commercial, business, hospital, and educational
properties showed that the type of land use as well as response
time had a significant impact on the water volume necessary for

fire suppression, with the notable quantitative finding that the
water supply required on-scene doubled when the fire department
response increased by ten minutes (Chang 2005).
Response time as a predictor of residential fire outcomes has
received less study than the effect of crew size. A Rand Institute
study demonstrated a relationship between the distance the
responding companies traveled and the physical property damage.
This study showed that the fire severity increased with response
distance, and therefore the magnitude of loss increased
proportionally (Rand 1978). Using records from 307 fires in
nonresidential buildings over a three-year period, investigators in
the United Kingdom correspondingly found response time to
have a significant impact on final fire area, which in turn was
proportional to total water demand (Sardqvist 2000).
Recent government and professional literature continues to
demonstrate the need for more data that would quantify in depth
and illustrate the required tasks, event sequences, and necessary
response times for effective fire suppression in order to determine
with accuracy the full effects of either a reduction or increase in
fire company staffing (Karter 2008). A report prepared for
National Institute of Standards and Technology (NIST) stressed
the ongoing need to elucidate the relationship between staffing
and personnel injury rates, stating that “a scientific study on the
relationship between the number of firefighters per engine and
the incidence of injuries would resolve a long-standing question
concerning staffing and safety” (TriData 2005).While not
addressing staffing levels as a central focus, an annual review of
fire department calls and false alarms by the National Fire
Protection Association (NFPA) exemplified the need to capture
not only the number of personnel per apparatus for effective fire
suppression but also to clarify the demands on individual fire
departments with resolution at the station level (NFPA 2008).
In light of the existing literature, there remain unanswered
questions about the relationships between fire service resource
deployment levels and associated risks. For the first time this
study investigates the effect of varying crew size, first apparatus
arrival time, and response time on firefighter safety, overall task
completion and interior residential tenability using realistic
residential fires. This study is also unique because of the array of
stakeholders and the caliber of technical advisors involved.
Additionally, the structure used in the field experiments included
customized instrumentation for the experiments; all related
industry standards were followed; robust research methods were
used; and the results and conclusions will directly inform the
NFPA 1710 Technical Committee, as well as public officials and
fire chiefs. 5
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5 NFPA is a registered trademark of the National Fire Protection Association, Quincy, Massachusetts. NFPA 1710 defines minimum requirements relating to the
organization and deployment of fire suppression operations, emergency medical operations, and special operations to the public by substantially all career fire
departments. The requirements address functions and objectives of fire department emergency service delivery, response capabilities, and resources. The purpose of this
standard is to specify the minimum criteria addressing the effectiveness and efficiency of the career public fire suppression operations, emergency medical service, and
special operations delivery in protecting the citizens of the jurisdiction and the occupational safety and health of fire department employees. At the time of the
experiments, the 2004 edition of NFPA 1710 was the current edition.



This project systematically studies deployment of fire
fighting resources and the subsequent effect on both
firefighter safety and the ability to protect civilians and

their property. It is intended to enable fire departments and
city/county managers to make sound decisions regarding optimal
resource allocation to meet service commitments using the results
of scientifically based research. Specifically, the residential
fireground experiments provide quantitative data on the effect of
crew size, first-due engine arrival time, and subsequent apparatus
stagger on time-to-task for critical steps in response and fire
fighting.
The first phase of the multiphase project was an extensive survey
of more than 400 career and combination fire departments in the
United States with the objective of optimizing a fire service
leader’s capability to deploy resources to prevent or mitigate
adverse events that occur in risk- and hazard-filled environments.
The results of this survey are not documented in this report,
which is limited to the experimental phase of the project, but they
will constitute significant input into future applications of the
data presented in this document.

This report describes the second phase of the project, divided
into four parts:

� Part 1 — Laboratory experiments to design the appropriate
fuel packages to be used in the burn facility specially
constructed for the research project

� Part 2 — Field tests for critical time-to-task completion of key
tasks in fire suppression

� Part 3 — Field tests with real furniture (room and contents
experiments)

� Part 4 — Fire modeling to apply data gathered to slow-,
medium-, and fast-growth rate fires

The scope of this study is limited to understanding the relative
influence of deployment variables on low-hazard, residential
structure fires, similar in magnitude to the hazards described in
NFPA® 1710, Standard for the Organization and Deployment of
Fire Suppression Operations, Emergency Medical Operations, and
Special Operations to the Public by Career Fire Departments.
The standard uses as a typical residential structure a 2,000 sq ft
(186 m2) two-story, single-family dwelling with no basement and
no exposures (nearby buildings or hazards such as stacked
flammable material).
The limitations of the study, such as firefighters’ advance
knowledge of the facility constructed for this experiment,
invariable number of apparatus, and lack of experiments in
extreme temperatures or at night, will be discussed in the
Limitations section of this report. It should be noted that the
applicability of the conclusions from this report to commercial
structure fires, high-rise fires, outside fires, and response to
hazardous material incidents, acts of terrorism, and natural
disasters or other technical responses has not been assessed and
should not be extrapolated from this report.

Purpose and Scope of the Study
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Regardless of the size of a structure on fire, firefighting
crews identify four priorities: life safety of occupants and
firefighters, confinement of the fire, property conservation,

and reduction of adverse environmental impact. Interdependent
and coordinated activities of all fire fighting personnel are
required to meet the priority objectives.
NFPA 1710 specifies that the number of on-duty fire
suppression personnel must be sufficient to carry out the
necessary fire fighting operations given the expected fire fighting
conditions. During each fireground experiment, the following
were dispatched to the test fire building:

� three engine companies

� one truck company

� a command vehicle with a battalion chief and a command
aide

Staffing numbers for the engine and truck crews and response
times were varied for the purposes of the tests. Additional
personnel available to ensure safety will be described later in this
report.
The following narrative account describes the general sequence
of activities in part 2 of the experiments (time-to-task), when the
fuel load permitted firefighter entry:

The first arriving engine company conducts a size-up or
initial life safety assessment of the building to include signs of
occupants in the home, construction features, and location of
the original fire and any extension to other parts of the
structure. This crew lays a supply line from a hydrant close to
the building for a continuous water supply.
The truck company usually arrives in close proximity to the
first engine company. The truck company is responsible for
gaining access or forcing entry into the building so that the
engine company can advance the first hose line into the
building to locate and extinguish the fire. Usually, they assist
the engine company in finding the fire. The NFPA and
OSHA 2 In/2 Out 6 crew is also assembled prior to anyone
entering an atmosphere that is immediately dangerous to life
or health (IDLH). This important safety requirement will
have a large impact on availability of firefighters to enter the
building when small crews are deployed.
Once a door is opened, the engine crew advances a hose line
(attack line) toward the location of the fire. At the same time,
members from the truck crew accompany the engine crew and

assist in ventilating the building to provide a more tenable
atmosphere for occupants and firefighters. Ventilation also
helps by improving visibility in an otherwise “pitch black”
environment, but it must be coordinated with the attack line
crew to ensure it helps control the fire and does not contribute
to fire growth. The truck crew performs a systematic rapid
search of the entire structure starting in the area where
occupants would be in the most danger. The most dangerous
area is proximate to the fire and the areas directly above
the fire.
Depending upon the travel distance, the battalion chief and
command aide will have arrived on the scene and have taken
command of the incident and established a command post.
The role of the incident commander is to develop the action
plan to mitigate the incident and see that those actions are
carried out in a safe, efficient, and effective manner. The
command aide is responsible for situational assessment and
communications, including communications with crew
officers to ensure personnel accountability.
Depending on response time or station location, the second
(engine 2) and possibly the third engine company (engine 3)
arrive. The second arriving engine (engine 2) connects to the
fire hydrant where the first engine (engine 1) laid their supply
line. Engine 2 pumps water from the hydrant through the
supply line to the first engine for fire fighting operations.
According to NFPA 1710, water should be flowing from the
supply line to the attack engine prior to the attack crew’s
entry into the structure.
The crew from the second engine advances a second hand
line as a backup line to protect firefighters operating on the
inside and to prevent fire from spreading to other parts of the
structure.
The third engine crew is responsible for establishing a Rapid
Intervention Team (RIT), a rescue team staged at or near the
command post or as designated by the Incident Commander
(in the front of the building) with all necessary equipment
needed to locate and/or rescue firefighters that become
trapped or incapacitated. The RIT plans entry/exit portals
and removes hazards, if found, to assist interior crews.
As the fire fighting, search and rescue, and ventilation
operations are continuing, two members of the truck
company are tasked with placing ground ladders to windows
and the roof to provide a means of egress for occupants or
firefighters. The truck crew is responsible for controlling
interior utilities such as gas and electric after their ventilation,
search, and rescue duties are completed.
Once the fire is located and extinguished and occupants are

A Brief Overview of the Fireground Operations

6 The “2 In/2 Out” policy is part of paragraph (g)(4) of OSHAs revised respiratory protection standard, 29 CFR 1910.134. This paragraph applies to private sector
workers engaged in interior structural fire fighting and to Federal employees covered under Section 19 of the Occupational Safety and Health Act. States that have chosen
to operate OSHA-approved occupational safety and health state plans are required to extend their jurisdiction to include employees of their state and local governments.
These states are required to adopt a standard at least as effective as the Federal standard within six months.

OSHAs interpretation on requirements for the number of workers required to be present when conducting operations in atmospheres that are immediately dangerous to
life and health (IDLH) covers the number of persons who must be on the scene before fire fighting personnel may initiate an attack on a structural fire. An interior
structural fire (an advanced fire that has spread inside of the building where high temperatures, “heat” and dense smoke are normally occurring) would present an IDLH
atmosphere and therefore, require the use of respirators. In those cases, at least two standby persons, in addition to the minimum of two persons inside needed to fight
the fire, must be present before fire fighters may enter the building.
Letter to Thomas N. Cooper, Purdue University, from Paula O.White, Director of Federal-State Operations, U.S. Department of Labor, Occupational Safety & Health
Administration, November 1, 1995.
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removed, the incident commander reassesses the situation
and provides direction to conduct a very thorough secondary
search of the building to verify that the fire has not extended
into void spaces and that it is fully extinguished. (In a
nonexperimental fire situation, salvageable property would
be covered or removed to minimize damage.)
Throughout the entire incident, each crew officer is
responsible for the safety and accountability of his or her
personnel along with air management. The location and
wellness of crews is tracked by the command aide through a
system of personal accountability checks conducted at
20-minute intervals.
Following extinguishment of the fire, an onsite review is
conducted to identify actions for improvement. Crews are
monitored, hydrated and rested before returning to work in
the fire building.

The Relation of Time-to-Task Completion and Risk
Delayed response, particularly in conjunction with the
deployment of inadequate resources, reduces the likelihood of
controlling the fire in time to prevent major damage and possible
loss of life and increases the danger to firefighters.
Figure 1 illustrates a hypothetical sequence of events for
response to a structure fire. During fire growth, the temperature
of a typical compartment fire can rise to over 1,000o F (538o C).
When a fire in part of a compartment reaches flashover, the rapid
transition between the growth and the fully developed fire stage,
flame breaks out almost at once over the surface of all objects in

the compartment, with results for occupants, even firefighters in
full gear, that are frequently deadly.
Successful containment and control of a fire require the
coordination of many separate tasks. Fire suppression must be
coordinated with rescue operations, forcible entry, and utilities
control. Ventilation typically occurs only after an attack line is in
place and crews are ready to move in and attack the fire. The
incident commander needs up-to- the-minute knowledge of crew
activities and the status of task assignments which could result in
a decision to change from an offensive to a defensive strategy.

Standards of Response Cover
Developing a standard of response cover— the policies and
procedures that determine the distribution, concentration, and
reliability of fixed and mobile resources for response to fire (as
well as other kinds of technical response) — related to service
commitments to the community is a complex task. Fire and
rescue departments must evaluate existing (or proposed)
resources against identified risk levels in the community and
against the tasks necessary to conduct safe, efficient and effective
fire suppression at structures identified in these various risk levels.
Leaders must also evaluate geographic distribution and depth or
concentration of resources deployed based on time parameters.
Recognition and reporting of a fire sets off a chain of events
before firefighters arrive at the scene: call receipt and processing,
dispatch of resources, donning protective gear, and travel to the
scene. NFPA 1710 defines the overall time from dispatch to scene
arrival as the total response time. The standard divides total

Figure 1: Hypothetical Timeline of Fire Department Response to Structure Fire
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response time into a number of discrete segments, of which travel
time — the time interval from the beginning of travel to the scene
to the arrival at the scene — is particularly important for this
study.
Arrival of a firefighting response force must be immediately
followed by organization of the resources into a logical, properly
phased sequence of tasks, some of which need to be performed
simultaneously. Knowing the time it takes to accomplish each
task with the allotted number of personnel and equipment is
critical. Ideally crews should arrive and intervene in sufficient
time to prevent flashover or spread beyond the room of origin.
Decision-making about staffing levels and geographic
distribution of resources must consider those times when there
will be simultaneous events requiring resource deployment.
There should be sufficient redundancy or overlap in the system to

allow for simultaneous calls and high volume of near
simultaneous responses without compromising the safety of the
public or firefighters.
Policy makers have long lacked studies that quantify changes in
fireground performance based on apparatus staffing levels and
on-scene arrival time intervals. These experiments were designed
to observe the impact of apparatus staffing levels and apparatus
arrival times on the time it takes to execute essential fireground
tasks and on the tenability inside the burn prop for a full initial
alarm assignment response. It is expected that the results of this
study will be used to evaluate the related performance objectives
in NFPA 1710.
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Laboratory Experiments
The purpose of the first segment, the laboratory experiments, was
to characterize the burning behavior of the wood pallets as a
function of:

� number of pallets and the subsequent peak heat release rate
(HRR)

� compartment effects on burning of wood pallets
� effect of window ventilation on the fire
� effect on fire growth rate of the loading configuration of
excelsior (slender wood shavings typically used as packing
material)

Characterization of the fuel package was critical in order to
ensure that the field experiments would not result in a flashover
condition, one of the primary safety considerations in complying
with the protocols in NFPA 1403: Standard on Live fire Training
Evolutions.7 Appendix A of this report contains the methods and
full results for the laboratory experiments, which are summarized
below. Figure 2 shows a test burn of pallets in the laboratory.

Results of Laboratory Experiments
The objective of the laboratory experiments was to quantify the
spread of heat and smoke throughout the planned burn prop in
order to ensure that the fuel package would result in a fire large
enough to generate heat and smoke consistent with a residential
structure fire, yet not so large as to transition to flashover. The
full results of the laboratory experiments and modeling are shown
in Appendix A and Appendix B. To summarize briefly, a
four-pallet configuration, which produced a peak of
approximately 2 MW, was determined to be the largest fuel load
the room could support without the threat of transitioning to
flashover. The compartment produced a negligible effect on the
heat release rate of the fire compared to open burning conditions.
The presence of an open window in the burn room reduced the

production of carbon monoxide and carbon dioxide gases,
primarily through enhanced oxygen availability and dilution,
respectively. The location and quantity of excelsior had a
significant impact on the growth rate of fire. More excelsior
located nearer the bottom of the pallets resulted in a more rapid
achievement of peak burning.
The results of the fuel load experiments to inform the building
and experimental design indicated development of untenable
conditions in the field experiments between 5 min and 15 min,
depending upon several factors: fire growth rate, ventilation
conditions, the total leakage of heat into the building and through
leakage paths, and manual fire suppression. This time frame
allowed for differentiation of the effectiveness of various fire

Part 1: Planning for the Field Experiments

Figure 2: Test Burn of Pallets in Laboratory
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department response characteristics.

In part 2, fire experiments were conducted in a residential-scaleburn prop at the Montgomery County Public Safety Training
Academy in Rockville,MD.

Field Site
Montgomery County (MD) Fire and Rescue Department
provided an open space to construct a temporary burn prop, with
ready access to water and electrical utilities, at the Montgomery
County Fire and Rescue Training Facility in Rockville, MD.
The burn prop was constructed as a two-story duplex with a
common stairwell and movable walls between the sections to
allow for multiple experiments daily. Symmetrically dividing the
structure about the short axis allowed one side of the test
structure to cool and dry out after a fire test with suppression. The
burn prop contained two mirror-image, two-story units each
totaling 2,000 ft2 (186 m2), without basement or nearby exposures
— each therefore a typical model of a low-hazard single-family
residence identified in NFPA 1710. An exterior view of the burn
prop is shown in Figure 3. For each experiment there was a
confirmed fire in the living room in the first floor rear of one unit
of the structure.
Details and dimension are shown
in the floor plan in Figure 4.
The black lines in Figure 4
indicate load-bearing reinforced
concrete walls and red lines
indicate the gypsum over steel stud
partition walls. The ceiling height
was 94 in (2.4 m) throughout the
entire structure except in the burn
compartments, where additional
hardening was installed to protect
against repeated exposure to fire
during the experiments. This
additional fire proofing slightly
reduced the ceiling height.
Complete details about the
building construction are included
in Appendix C.
Noncombustible furniture (angle
iron and gypsumboard
construction) was fashioned to
represent obstacles of realistic size
and location for firefighters
navigating the interior of the
structure. The dimensions were
typical of residential furnishings.
Figure 5 shows an example of the
noncombustible furniture used in
the time-to-task experiments.

Part 2: Field Experiment Methods

Figure 3: Exterior View of Burn Prop

Figure 4: Dimensions of the Burn Prop Floor Plan
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Overview of Field Experiments
In order to evaluate the performance representative of aNFPA

1710-compliant fire department, the field experiments consisted of
two parts (the second and third parts of the four described in this
report). In the first of the two parts of the field experiments,
firefighter participants fromMontgomery County (MD) and Fairfax
County (VA) Fire Departments simulated an initial alarm assignment
response to a structure described inNFPA 1710 as a low-hazard
residential structure to which firefighters respond on a regular basis.
The staffing level of fire apparatus was varied incrementally from two
to five personnel per piece. The interval between apparatus on-scene
arrival times was varied at either 60 s or 120 s. Trained timing staff
were used to record the start and completion times of 22 tasks
deemed essential for mitigation of a residential fire incident by the
study’s technical experts. The pallet and excelsior configuration
chosen from the laboratory experiments repeatably produced a
consistent and realistic quantity of heat and smoke, similar to what
firefighters encounter at a residential structure fire.
Although the fire source used in part 2 of the field experiments
created a realistic amount of heat and smoke, the requirements of
NFPA 1403 prevented use of a fire source which could potentially
reach flashover within the structure. Therefore, part 3 of the fire
experiments was conducted in order to change the fuel package to
be representative of realistic fuel loading that could be found in a
living room in a residential structure (sleeper-sofa, upholstered
chairs, end tables, etc). The
intent of this part of the study
was to determine how the times
of firefighter interactions,
averaged with respect to the
staffing and arrival intervals,
impacted the interior tenability
conditions. Fire fighting tactics
were performed in a manner
which complied with NFPA
1403; ventilation was performed
with proper personal protective
equipment (PPE) and hand tools
from the exterior of the burn
prop. Suppression was
performed with an interior
remote suppression device
operated from the exterior of the
burn prop.

Instrumentation
Instrumentation to measure
gas temperature, gas
concentrations, heat flux, visual
obscuration, video, and time
during the experiments was
installed throughout the burn
prop. The data were recorded at
1-second intervals on a
computer-based data acquisition
system. Figure 6 presents a
schematic plan view of the
instrumentation. All
instruments were wired to a
centralized data collection room
attached as a separate space on
the west side of the building,
which is described later in this

report ensuring physical separation for the data collection
personnel from the effects of the fire, while minimizing the wire
and tube lengths to the data logging equipment. See Appendix C
for additional details about the instrumentation.

Figure 5: Noncombustible Furniture Used in the Time-to-Task Experiments

Figure 6: Instrumentation and Furniture Prop Layout
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Safety Protocols
Firefighter safety was always a primary concern in conducting
the research. Participants were drawn from two departments —
Fairfax County, VA and Montgomery County, MD— that
regularly conduct NFPA 1403 compliant live fire training for their
staff and recruits.

A safety officer was assigned to the experiments by the
Montgomery County Fire and Rescue Department to assure
compliance with NFPA 1403. The safety officer (Figure 7)
participated in all orientation activities, daily briefings, and
firefighter gear checks and was always actively involved in
overseeing all experiments. The safety officer had full authority to
terminate any operation if any safety violation was observed. In
addition to the safety officer, a rapid intervention team (RIT),
assigned from dedicated crews not in the actual experiment, was
in place for each experiment, and a staffed ambulance was on
standby at the site. Radio communication was always available
during the experiments should a “mayday” emergency arise.
Experiments were stopped for any action considered to be a
protocol breach or safety concern. For example, all ladders — 24
ft (7.3 m) or 28 ft (8.5 m) — were to be raised by two firefighters.
As crew sizes were reduced, some firefighters attempted to place
ladders single-handedly in an effort to complete the task more
quickly. This procedure, while vividly illustrating how firefighters
try to do more with less in the field, is unsafe and could
potentially result in strain or impact injuries.
Additional safety features were built in to the field structure.
A deluge sprinkler system oriented to the known location of the
fuel package could be remotely activated for rapid fire
suppression. All first floor rooms had direct access to the exterior
of the building through either doors or windows. The second
story had an emergency exit to the roof of the attached
instrumentation room.
A closely related concern to ensure firefighter safety and
readiness to repeat experiments with equivalent performance was
adequate rehabilitation (see Figure 8). At the beginning and end
of each day, crews completed a health and safety check. The
importance of staying well-hydrated before and during
experiments was especially emphasized.

Figure 8: Crew Rehabilitation

Figure 7: Fireground Safety Officer
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On-Scene Fire Department Tasks
The on-scene fire department task part of the study focused on
the tasks firefighters perform after they arrive on the scene of a
low-hazard residential structure fire. A number of nationally
recognized fire service experts were consulted during the
development of the on-scene fire department tasks in order to
ensure a broad applicability and appropriateness of the task
distribution.8 The experiments compared crew performance and
workload for a typical fire fighting scenario using two-, three-,
four-, and five-person crews. 24 total experiments were conducted
to assess the time it took various crew sizes to complete the same
tasks on technically similar fires in the same structure. In addition
to crew sizes, the experiments assessed the effects of stagger
between the arriving companies. Close stagger was defined as a
1-minute time difference in the arrival of each responding
company. Far stagger was defined as a 2-minute time difference in
the arrival of each responding company. One-minute and
two-minute arrival stagger times were determined from analysis of
deployment data from more than 300 U.S. fire departments
responding to a survey of fire department operations conducted by
the International Association of Fire Chiefs (IAFC) and the
International Association of Fire Fighters (IAFF). Considering
both crew size and company stagger there were eight experiments
conducted in triplicate totaling twenty-four tests, as shown in the
full replicate block in Table 1. A full replicate was completed in a
randomized order (determined by randomization software) before
a test configuration was repeated.

Crew Size
For each experiment, three engines, a ladder-truck and a
battalion chief and an aide were dispatched to the scene of the
residential structure fire. The crew sizes studied included two-,
three-, four-, and five-person crews assigned to each engine and
truck dispatched. Resultant on-scene staffing totals for each
experiment follow: (FF = firefighter)

� Two Person crews = 8 FFs + Chief and Aide = 10 total on-scene
� Three Person crews = 12 FFs + Chief and Aide= 14 total
on-scene

� Four Person crews = 16 FFs + Chief and Aide = 18 total
on-scene

� Five Person crews = 20 FFs + Chief and Aide = 22 total
on-scene9

Department Participation
The experiments were conducted in Montgomery County, MD
at the Montgomery County Fire Rescue Training Academy during
the months of January and February 2009. All experiments took
place in daylight between 0800 hours and 1500 hours.
Experiments were postponed for heavy rain, ice, or snow and
rescheduled for a later date following other scheduled
experiments.
Montgomery County (MD) and Fairfax County (VA)
firefighters participated in the field experiments. Each day both
departments committed three engines, a ladder truck and

associated crews, as well as a battalion chief to the experiments.
The two battalion chiefs, alternated between the roles of battalion
chief and aide. Firefighters and officers were identified by
participating departments and oriented to the experiments. Each
experiment included engine crews, truck crews and command
officers from each participating department. Participants varied
with regard to age and experience. Crews that normally operated
together as a company were kept intact for the experiments to
assure typical operation for the crew during the scenarios.
However, in all experiments crews were used from both
departments, including engine crews, truck crews, and officers.
This allocation of resources made it possible to conduct
back-to-back experiments by rotating firefighters between field
work and rehabilitation areas.

Crew Orientation
All study participants were required to attend an orientation
prior to the beginning of the experiments (see Figure 9, page 25).
The orientations were used to explain experiment procedures,
task flows, division of labor between crews, and milestone events
in the scenario.
Daily orientations were conducted for all shifts to assure every
participant attended. Orientations included a description of the
overall study objectives as well as the actual experiments in which
they would be involved. Per the requirements of NFPA 1403, full
disclosure regarding the structure, the fire, and the tasks to be
completed were provided. Crews were also oriented to the
fireground props, instrumentation used for data collection, and
the specific scenarios to be conducted. Every crew member was
provided a walkthrough of the structure during the orientation
and each day prior to the start of the experiments.

Table 1: Primary Variables for Time-to-Task Experiments

8 Technical experts included Dennis Compton, Russell Sanders,William “Shorty” Bryson, Vincent Dunn, David Rohr, Richard Bowers, Michael Clemens, James Walsh,
Larry Jenkins and Doug Hinkle. More information about the experts is presented in the Acknowledgments later in this report.
9 Note that the on-scene totals account for only the personnel assigned to “work” the fire. Additional personnel were provided for an RIT team, a staffed ambulance on
site, and a safety officer specific to the experiments. The additional personnel are not included in thee staffing described above.

Time-to-Task Experiments
CCrreeww  SSiizzee AAppppaarraattuuss  SSttaaggggeerr

2 Person Close Stagger (One minute)

3 Person Close Stagger (One minute)

4 Person Close Stagger (One minute)

5 Person Close Stagger (One minute)

2 Person Far Stagger (Two minutes)

3 Person Far Stagger (Two minutes)

4 Person Far Stagger (Two minutes)

5 Person Far Stagger (Two minutes)
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Figure 10: Ground Ladders Figure 11: Ventilation

Figure 12: Ground Level Window Breakage Prop

Figure 14: Door Forcible Entry Prop Figure 15: Crew Preparation and Cue Cards

Figure 13: Second Story Window Breakage Prop

Figure 9: Crew Orientation and Walkthrough
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Tasks 
Twenty-two fireground tasks
were completed in each
experiment.  Meticulous
procedures gathered data to
measure key areas of focus,
such as individual task start
times, task completion times,
and overall scenario
performance times. Each task
was assigned a standardized
start and end marker, such as
crossing the threshold to enter
the building with a hose line or
touching a ladder to raise it to
a second story window.  The 22
tasks, with the events for
measuring start and stop times,
are shown in Table 2 (page26).
Figures 10 — 19 illustrate
firefighter activity in a number
of the tasks to complete
experiments or prepare for the
next experiment. 
For reasons of both safety and
cost efficiency, two tasks —
forcible entry of the front door
and ventilation of the windows
on the first and second stories
— required special procedures.
The study could not
accommodate replacing the
doors and windows daily for
the fire suppression
experiments.  Before the start
of experiments with the full
sequence of tasks, these two
tasks were measured in a
realistic manner using training
props constructed at the site of
the fireground experiments.  As
with the overall experiments,
these two tasks were repeated in
triplicate and the times
averaged.  The average time to
complete the tasks was then
used in the larger scale
experiment.  As firefighters
came to the point of breaching
the door or windows, the timers
would hold them for the time
designated by the earlier
experiments and then give them
the approval to open the door
or windows.  The start and end
times were then recorded just as
other tasks were.



Table 2: Tasks and Measurement Parameters

1. Stop at Hydrant, Wrap Hose START - Engine stopped at
hydrant

STOP - Firefighter back on engine
and wheels rolling

2. Position Engine 1 START - Wheels rolling from
hydrant

STOP - Wheels stopped at
structure

3. Conduct Size-up START - Officer off engine
(360-degree lap), transmit STOP - Completes radio 
report, establish command transmission of report

4. Engage Pump START - Driver off engine 

STOP - Driver throttles up pump

5. Position Attack Line START - Firefighter touches hose 
(Forward Lay) to pull it from engine

STOP - Flake, charge and bleed 
complete (hose at front door 
prepared to advance)

6. Establish 2 In/2 Out Company officer announces – “2
In/2 Out established” (4 persons
assembled on scene OR at the
call of the Battalion
Chief/Company Officer)

7. Supply Attack Engine START - Firefighter touches 
hydrant to attach line 

STOP - Water supply to attack 
engine

8. Establish RIT Time that Company Officer 
announces RIT is established

9. Gain/Force Entry START - Action started 
(HOLD time= 10 seconds)

STOP - Door opened for entry

10. Advance Attack Line START – Firefighter touches hose

STOP – Water on fire

11. Advance Backup Line START - Firefighter touches hose 
(stop time at front door) to pull from engine bed

STOP - Backup line charged to
nozzle

12. Advance Backup START - Firefighter crosses 
Line/Protect Stairwell threshold

STOP - Position line for attack at
stairwell

13. Conduct Primary Search START - Firefighters enter front
door

STOP - Firefighters transmit
“search complete”

14. Ground Ladders in Place START - Firefighter touches ladder
to pull it from truck

STOP - 4 Ladders thrown: 3
ladders on the 2nd-story windows
and 1 to the roof 

15. Horizontal Ventilation START- Firefighter at 1st window to
(Ground) begin ventilation (HOLD for 8

seconds)

STOP - Hold time complete -
window open

16. Horizontal Ventilation START - Firefighter grabs ladder
(2nd Story) for climb. (Firefighter must leg lock

for ventilation.  HOLD time at each
window is 10 seconds)

STOP - All 2nd-story windows open
- descend ladder - feet on ground.

17. Control Utilities (Interior) START - Radio transmission to
control utilities

STOP - When firefighter
completes the task at the prop

18. Control Utilities (Exterior) START - Radio transmission to
control utilities

STOP - When firefighter
completes the task at the prop 

19. Conduct Secondary Search START - Firefighters enter front
door

STOP - Firefighters transmit
“secondary search complete”

20. Check for Fire Extension START- Firefighters pick up 
(walls) check-for-extension prop 

STOP- Completion of 4 sets total
(1 set = 4 in and 4 out)
This task may be done by more
than one person.

21. Check for Fire Extension START - Firefighters pick up 
(ceilings) check-for-extension prop 

STOP - Completion of 4 sets total
(1 set = 3 up and 5 down)
This task may be done by more
than one person.

22. Mechanical Ventilation START - Firefighters touch fans to
remove from truck

STOP - Fans in place at front door
and started

Tasks Measurement Parameters Tasks Measurement Parameters
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Data Collection:
Standardized Control
Measures
Several control measures were
used to collect data, including
crew cue cards, radio
communications, task timers,
and video recording.
Performance was timed for each
task in each scenario including
selected milestone tasks such as
door breach, water-on-fire, and
individual window ventilation.
Data were collected for crew
performance on each task, and
individual firefighter
performance was not considered.  

Task Flow Charts and
Crew Cue Cards
Task procedures were
standardized for each
experiment/scenario.  Technical
experts worked with study
investigators to break down crew
tasks into individual tasks based
on crew size.  Task flow charts
were created and then
customized for the various crew
sizes.  The carefully designed task
flow ensured that the same
overall workload was maintained
in each experiment, but was
redistributed based on the
number of personnel available
for the work.  See Appendix D
for additional details.
All tasks were included in each
scenario and cue cards were
developed for each individual
participant in each scenario. For
example, a four-person crew
would have a cue card for each
person on the crew including the
officer, the driver, and the two
firefighters.  Cards were color
coded by crew size to assure
proper use in each scenario.

Radio communications
Interoperability of radio equipment used by both participating
departments made it possible to use regular duty radios for
communication during the experiments.  Company officers were
instructed to use radios as they would in an actual incident.
Montgomery County Fire and Rescue Communications recorded
all radio interaction as a means of data backup. Once all data
quality control measure were complete, the records were then
overwritten as a routine procedure.

Task Timers
Ten observers/timers, trained in the use of a standard stop watch
with split-time feature, recorded time-to-task data for each field
experiment.  To assure understanding of the observed tasks,

firefighters were used as timers, each assigned specific tasks to
observe and to record the start and end times.
To enhance accuracy and consistency in recording times, the data
recording sheets used several different colors for the tasks (see
Appendix D).  Each timer was assigned tasks that were coded in the
same color as on the recording sheet.  All timers wore high-visibility
safety gear on the fireground (see Figure 20).

Video records
In addition to the timers, video documentation provided a
backup for timed tasks and for quality control (see Figure 21).  No
less than six cameras were used to record fireground activity from
varied vantage points.  Observer/timer data were compared to
video records as part of the quality control process.

Figure 16: Connecting to the Hydrant Figure 17: Crews Responding

Figure 18: Ceiling Breach/Molitor Machine Figure 19: Incident Command

Figure 20: Task Timers Figure 21: Video Recording for Quality Control
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Crew Assignment
Crews from each department that regularly operated together
were assigned to work as either engine or truck companies in each
scenario.  Both Fairfax County and Montgomery County crews
participated in each experiment.  
Crews assigned to each responding company position in one
scenario were assigned to another responding company position
in subsequent scenarios, with the objective of minimizing
learning from one experiment to another.  For example, crews in
the role of engine 1 in a morning scenario might be assigned to
the engine 3 position in the afternoon, thus eliminating learning
from exact repetition of a task as a factor in time to completion.
Additionally, participating crews from both Montgomery County
and Fairfax County were from three different shifts, further
reducing opportunities for participant repetition in any one
position.  

Response Time Assumptions
Response time assumptions were made based on time objectives
set forth in the NFPA 1710.  Time stagger allocations were set by
the project technical advisors in order to assess the impact of
arriving unit time separation on task start and completion times,
as well as the overall scene time.  

Below are the values assigned to the various time segments in
the overall response time.  The total of the response time
segments may also be referred to as the total reflex time.  

1. Fire ignition = time zero
2. 60 s for recognition (detection of fire) and call to 9-1-1
3. 60 s for call processing/dispatch
4. 60 s for turnout10 
5. Close Stagger = 240 s travel time FIRST engine with 
60 s ladder-truck lag and 90 s lag for each subsequent engine
a. Truck arrives at 300 s from notification
b. Second engine at 330 s from notification
c. Third engine at 420 seconds from notification

6. Far Stagger = 240 s travel time FIRST engine with 120 s
ladder-truck lag and 150 s lag for each subsequent engine
a. Truck arrives at 360 s from notification
b. Second engine arrives at 390 s from notification
c. Third engine arrives at 540 s from notification.

The design of this part of the experiments allowed firefighter
entry into the burn building.  The next part of the experiments
required a modified methodology.
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Part 3: Room and Contents Fires

As previously discussed,
NFPA 1403 prohibits
firefighters in a training

exercise from entering a
structure with sufficient fuel
load to result in room
flashover.  But the value of the
data from the time-to-task
experiments lies not just in the
duration and
time-of-completion statistics
for tasks, but also in measuring
the tenability of the
atmosphere for occupants
urgently needing firefighter
assistance.  Therefore Part 3 of
the experiments (room and
contents fires) used a larger
fuel load to focus on the seven
of the 22 tasks that cause a
change in the fire behavior
through ventilation or active suppression:

1. Forced entry of the front door
2. Water on fire
3. Second floor window #1 ventilated (burn room window)
4. Second floor window #2 ventilated (front window, near
corner)

5. Second floor window #3 ventilated (front window, near front
door)

6. First floor window #1 ventilated (window beside the fire
room)

7. First floor window #2 ventilated (self-ventilated at flashover)

Because the fuel load was sufficient for flashover, all firefighter
activity was conducted outside the building.  Tasks that in Part 3
required entry into the building, such as search or interior utility
control, were factored into this part by delaying the next task for the
average duration of the task from Part 2.  Firefighters in full gear
opened the door with a gloved hand or opened windows from the
ground with a tool such as a pike pole or angle iron, again at the
time specified by the averages from Part 2. Averages were derived
from the three iterations of each scenario.  The different number of
iterations in Part 3 will be explained later in this report.
Because firefighters could not enter the building, a nozzle
controlled from the instrumentation room was installed.  The
nozzle was placed in the room directly outside the burn room and
oriented toward the burn room near the doorway in order to best
emulate the nozzle location of live firefighter suppression (see
Figure 22).  The nozzle was encased with mineral wool and
heavy-duty aluminum foil (bottom picture in Figure 22) to
protect the electronics and wiring from the intense radiation
energy emitted by the fire.  Blocks were used to anchor the nozzle
against the lateral forces exerted by the momentum of the water
supply.  The activation time for suppression was determined by
the data from the time-to-task test results.
A 15o spray pattern was directed toward the seat of the fire and
swept horizontally from side to side.  While the remotely
controlled hose line knocked down the majority of the fire, it was

not as effective as a live firefighter with a better view into the
room of origin.  Therefore, after the fire was diminished, a
supplemental stream was applied through the burn room window
in order to control the fire (see Figure 23).  All personnel on the
hose line were in full turnout gear and self-contained breathing
apparatus during the exterior application of water.

Fuel Packages for the Room and Contents Fires
In order to maximize the repeatability of the fire development,
nominally identical rooms of furniture of identical manufacturer,
style, and age were used for each test. A plan-view schematic of
the furniture is shown in Figure 24 and pictures of the burn room
prior to testing are shown in Figure 25.  Key dimensions, mass,
and materials for combustible furnishings are detailed in
Appendix C.

The Tornado Remote Controlled
Monitor is Produced by Task
Force Tips, Valparaiso, Indiana,
USA.  Permission to publish
courtesy of Task Force Tips

Figure 23: Supplemental Suppression Applied for Room and
Contents Tests

Figure 22: Remotely Controlled Fire Suppression Nozzle for Room
and Contents Fires
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The ignition source consisted
of a cardboard book of 20
matches that was ignited by an
electrically heated wire, often
referred to as an electric match.
The electric match was placed
near the bottom of a 21 qt
(19.9 L) polypropylene waste
container. The height of the
waste container was 15.5 in
(394 mm) with interior
dimensions at the top opening
of 14.5 in (368 mm) by 11.3  in
(287 mm). Approximately 0.7
lbs (0.3 kg) of dry newspaper
was added to the waste
container. The majority of the
newspaper was folded flat, and
placed on edge along the sides
of the waste container. Four
sheets of newspaper, 22 in (559
mm) by 25 in (635 mm) were
crumpled into “balls”
approximately 3.9 in (100 mm)
diameter and placed on top of
the electric match in the center
of the waste container. 

Experimental Matrix for
Room and Contents Fires
Sufficient amounts of
furniture for 16 rooms were
available for the room and
contents fires, so eight
experiment scenerios were
conducted — each with a
replicate. Because the time to
untenable conditions was a
primary variable of interest in
the room and contents fires,
the arrival time of the first due
engine was a paramount
consideration. Because the
effects of the subsequent
apparatus stagger were
explored in the time-to-task
tests, the stagger was fixed at
the “close arrival” time.
Additionally, a baseline
measurement was required to
compare the effectiveness of
response to the absence of a
fire department response.
Therefore, a five-person, later
arrival combination was
eliminated in favor of a
no-response scenario (with
replicate).  Table 3 summarizes
the 16 tests conducted.  
The first due engine arrival
times were determined using
the following assumptions:
ignition of the fire occurs at

Figure 24: Configuration of Furnishings in Burn Room (Room and Contents Fires)

Figure 25: Pictures of the Room and Contents Furnishings
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time zero.  Smoke detector
activation and a call to 9-1-1
occurs at 60 seconds after the
fire starts.  Call intake and
processing requires an
additional 90 seconds.  The
firefighters take 60 seconds to
complete their turnout at the
station and begin travel to the
scene.  Thus travel time begins
3.5 minutes into experiment.
The two levels of arrival time
are then determined by two
different travel times: early
arrival assumes a three-minute
travel time, while later arrival
assumes a five-minute travel
time.  For all scenarios in the
room and contents experiments,
the close stagger (60 seconds)
between subsequent apparatus
times was used.

Procedure for Minimizing the Effect of Variance in Fire
Growth Rate
Fires involving furnishings have inherent variance in burning
behaviors.  Factors such as humidity and minor variations in
materials (particularly worn furnishings that may have different
foam compression or fabric wear patterns), can result in
uncertainty of 20 % or more, despite significant efforts to
enhance repeatability.  The early growth period of fire
development is often associated with the greatest variance, since
minor factors (as discussed above) can influence the thermal
environment more easily when the fire is small.  Therefore, the
room and contents fires were normalized to the 212 °F (100 °C)
temperature near the ceiling in the burn room in order to
minimize the variance of the room and contents fires. The time at
which the burn room reached this temperature (usually in
approximately 180 seconds) rather than the actual ignition time,
was designated as the “zero time.” 
Figure 26 shows the time-temperature curves before and after
normalizing at 100°C.  This approach was implemented during the
experiments by watching the time temperature data in real-time
from the instrumentation room and announcing the “zero-time”
over the fireground radio system. The normalization procedure
did not negatively affect tenability measurements in the target
room because when the fire is small, products of combustion do
not reach the room because of lack of momentum.  Therefore,
adjusting all room and contents tests to the same upper layer
temperature was an appropriate way to minimize variance.

Milestone Times for Critical Tasks
As stated earlier, firefighters could not enter the burn building during
the room and contents experiments because of the danger for
potential flashover in an experimental scenario. Therefore,
prescribed tasks were performed at specified times based on data from
part 2.  In this section we report on significant data gathered from
instrumentation and describe an additional part of the experiments
designed to extend our understanding of the effect of crew size and
stagger on the tenability of the atmosphere in a burning structure.
Table 4 (page 32) identifies significant tasks selected as key
milestones because of the way they affect fire behavior and
atmospheric tenability inside the structure.

CCrreeww  SSiizzee FFiirrsstt  DDuuee  AArrrriivvaall  TTiimmee

2-Person Early Arrival of First Engine (6.5 min) – close stagger

3-Person Early Arrival of First Engine (6.5 min) – close stagger

4-Person Early Arrival of First Engine (6.5 min) – close stagger

5-Person Early Arrival of First Engine (6.5 min) – close stagger

2-Person Later Arrival of First Engine (8.5 min) – close stagger

3-Person Later Arrival of First Engine (8.5 min) – close stagger

4-Person Later Arrival of First Engine (8.5 min) – close stagger

No Response (Baseline) N/A

Table 3: Experimental Matrix for Room and Contents Tests (Each Conducted in Replicate)

Figure 26: Direct Comparison of Temperatures, 
Before (Top) and After Adjustment (Bottom)
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Table 4: Tasks That Affect Fire Behavior and Atmospheric Tenability
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This section describes the analytic approaches used to
address the research objectives of the study.  First the
statistical methods used to analyze the fireground

time-to-task observations are presented.  Then the time-to-task
data and the room and contents data were combined to assess
crew performance in relation to tenability within the structure. 

Time-to-Task Analysis
Time-to-task data were compiled into a database and assessed
for outliers and missing entries.  Because all time-to-task
experiments were conducted in triplicate, missing data were
apparent and were reviewed via video and radio tapes.  Missing
data attributable to timer error were replaced by a time observed
in the video.  Where video and/or radio documentation was not
adequate, missing data were recoded to the mean of the task times
from the other two experiments.  

Data Queries
The statistical methods used to analyze the time-to-task data
were driven by a principal goal of this research project — to assess
the effect of crew size, first-due engine arrival time, and
subsequent apparatus stagger on time-to-task for critical steps in
response and fire fighting.  This research goal motivated the
development of four specific research questions (see Figure 27)
that in turn pointed to specific statistical analyses for generating
inference and insight.

Statistical Methods – Time-to-Task
The analysis of the time-to-task data involved a sequence of
multiple linear regressions using Ordinary Least Squares to
generate and test the effects of staffing and stagger on timings.
The regressions were of the form:

where the xik reflect factors such as stagger and crew size, and the
y represents our dependent/outcome variable.  
Time-related outcomes (i.e., the dependent variables in the
regression equations) could include task duration, elapsed time to
start the task, and elapsed time until task completion, all
measured in seconds. Table 5 (page 34) lists the time-related
outcomes used to test the effect of crew size and stagger for the
tasks in the field experiments.
The effects of crew size and stagger were explored using
indicator variables in the regression analyses. The coefficient for a
given indicator (for example, crew size of four relative to a crew
size of two) indicated the number of seconds the larger crew size
added or reduce the timing outcome of a task.  Crew sizes were
collapsed in some regressions to test whether the timings of
“larger” crew sizes of four and five were significantly different
than “smaller” crew sizes of two and three.  Interaction terms were
not assessed in these regression analyses because of the small
number of experiments available for analysis.
Standard t-tests examined statistical significance (i.e., to see if
the hypothesis of “no impact” could be rejected) to estimate the
impact of several specific configurations:

� crew sizes of three versus two
� crew sizes of four versus three
� crew sizes of five versus four

� (occasionally) five versus two, and four versus two
� larger (four & five combined) versus smaller (two & three
combined) and

� stagger

The specific tests for each task (regression analysis) are shown in
the Appendix E.  The actual coefficients of each regression and
their corresponding standard errors are presented in Appendix F.
To infer impact, significant tests were conducted at the 0.05
significance level.  Only statistically significant contrasts of crew
size and/or stagger are included in this section of the report.
Graphic expositions of relevant time/task related findings are then
presented as well.  Where stagger was statistically significant, the
effects are graphed separately.  Where stagger was not statistically
significant, the data for crew size were combined.

Analysis of Experimental Results

Time-to-Task Research Questions

1)  How do crew size and stagger (i.e., timing of between first
engine and subsequent apparatuses) affect overall (i.e.,
start to completion) response timing?

a. To what extent do variations in crew size affect overall
response timing? 

b. To what extent do variations in both crew size and
stagger affect overall response timing? 

2) How do crew size and stagger affect the timings of task
initiation, task duration, and task completion for each of
the tasks comprising the suite of 22 tasks? 

a. To what extent do variations in crew size affect timings
across the suite of tasks? 

b. To what extent do variations in both crew size and
stagger affect response timings across the suite of
tasks? 

3) How does crew size affect elapsed times to achieve three
critical events known to change fire behavior or
atmospheric tenability for occupants?

a. Entry into structure

b. Water on fire

c. Ventilation of each window (three upstairs and one
downstairs window and the burn room window)

4) How does the elapsed time to achieve the national
standard of assembling 15 firefighters at the scene
(measured using “at hydrant” as the start time) vary by
crew sizes of 4 and 5?

Figure 27: Research Questions for Time-to-Task Experiments
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Regression analyses
Appendix F presents the
regression results for each task
and relevant outcome, along
with their corresponding
standard errors. The results of
conducting significance tests at
the 0.05 level of significance
are shown in Appendix E.
Rather than detailing each of
the lengthy lists of coefficients
found to be significant, only
the answers to the primary
research questions are
presented for each task.

Measurement Uncertainty
The measurements of length,
temperature, mass, moisture
content, smoke obscuration,
and stopwatch timing taken in
these experiments have unique
components of uncertainty that
must be evaluated in order to
determine the fidelity of the
data. Appendix G summarizes
the uncertainty of key
measurements taken during the
experiments.  Importantly, the
magnitudes of uncertainties
associated with these
measurements have no impact
on the statistical inferences
presented in this report.

How to Interpret
Time-to-Task Graphs
Figure 28 presents a sample
time-to-task analysis, in this
case results for venting time.
Each crew size has a column
graphic showing the start time
and completion time for the
task.  Visually, columns starting
lower on the graph depict
deployment configurations
that resulted in earlier start
times.  The height of the
column graphic is a
visualization of the duration of
the task, taller columns
indicating longer times to task
completion.  Time data are also
shown in a table below the
graph.  Where stagger was
statistically significant, the
effects are graphed separately.
Where stagger was not
statistically significant, as in the
illustration, the data for crew
size were combined.

Table 5: Dependent Variables Used in a Regression Analysis of the Effect of Crew Size and Stagger on
Time-to-Task Outcomes

Figure 28: Example Time-to-Task Graph
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Time-to-Task Graphs
Overall Scene Time (Time to
Complete All 22 Tasks)
The four-person crews
operating on a low-hazard
structure fire completed the
same number of tasks on the
fireground (on average) 7
minutes faster than the
two-person crews (see Figure
29). The four-person crews
completed the same number of
fireground tasks (on average)
5.1 minutes faster than the
three-person crew. The
four-person crews were able to
complete necessary fireground
tasks on a low-hazard
residential structure fire nearly
30 % faster than the
two-person crews and nearly 
25 % faster than the
three-person crews. Although
on the low-hazard residential
structure fire, adding a fifth
person to the crews did not
show any additional decrease in
fireground task times, the
benefits of a five-person vs. a
four-person crew are significant
in other measurements,
particularly the “water-on-fire”
time. Additionally, the greater
need for five-person crews for
medium- and high-hazard
structures, particularly in urban
settings, has been documented
in other studies (Backoff et al.,
1980; Cushman, 1982;
McManis Associates et al.,
1984) and five-person crews are
required for areas that contain
medium and high-hazard
structures in fire protection
consensus standards.11

Figure 29: Overall Scene Time

11  NFPA 1710, Section 5.2.3.1.2 and Section 5.2.3.2.2: In jurisdictions with tactical hazards, high-hazard occupancies, high incident frequencies, geographical
restrictions, or other pertinent factors as identified by the AHJ, these companies shall be staffed with a minimum of five or six on duty members.
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Figure 30 b: Overall Scene Time-Four Person Crew

Overall Scene Time and
Crew Sizes
The graphs in Figure 30 show
average times for each task by
crew size.

Figure 30 a: Overall Scene Time-FIve Person Crew
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Figure 30 c: Overall Scene Time-Three Person Crew

Figure 30 d: Overall Scene Time-Two Person Crew
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Advance Attack Line
Time (Hose Stretch Time)
Figure 31 measures the
interval from the start of the
task “Position Attack Line” to
the end of the task “Advance
Attack Line.”  In comparing
four- and five-person crews to
two and three-person crews
collectively, the time difference
for this measure was
statistically significant at 76
seconds (1 minute 16 seconds).
In conducting more specific
analysis comparing all crew
sizes to a two-person crew the
differences are more distinct.  A
two-person crew took 57
seconds longer than a
three-person crew to stretch a
line.  A two-person crew took
87 seconds longer than a
four-person crew to complete
the same task.  Finally, the most
notable comparison was
between a two-person crew and
a five-person crew, with a
122-second difference in task
completion time.12, 13

Figure 31: Advance Line Time (Hose Stretch Time) by Crew Size

12 Apparatus stagger was not statistically significant, so the data for crew size were combined.
13 Where subtracting the start time from the end time yields a result that differs from the duration noted in the chart by one second, it is the result of rounding fractional
seconds to the nearest whole second.
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Time to Water on Fire
There was a 10% difference in
the “water on fire” time
between the two- and
three-person crews. There was
an additional 6% difference in
the "water on fire" time
between the three- and
four-person crews. (i.e.,
four-person crews put water on
the fire 16% faster than two
person crews). There was an
additional 6% difference in the
“water on fire” time between
the four- and five-person crews
(i.e. five-person crews put
water on the fire 22% faster
than two-person crews).

Advancing a Backup Line
Advancing a backup line to
the door and stairwell was
started 16 % faster and
completed 9 % for replicates
with shorter staggers between
company arrivals.  Advancing a
backup line is typically a task
completed by the third arriving
engine on a full alarm
assignment and is critical to
the safety of firefighters already
in the building on the initial
attack line.  For this task,
stagger of arrival was
statistically significant and is
an important consideration for
overall station location and full
alarm response capability.  The
differences can be seen in
Figure 33, which shows the
time from the start for the task
“Deploy Backup Line” to the
end of the task “Advance
Backup Line.”

Figure 32: Water on Fire Time by Crew Size and Stagger

Figure 33: Times to Advance Backup Line by Crew Size and Stagger



14  Stagger was not significant, so data from close and far were combined to increase statistical power.
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Primary Search
Figure 34 summarizes the
times that crews took to start
the primary search.  On the
low-hazard, two-story
single-family dwelling 2,000 sq
ft (186 m2) , the three-person
crew started a primary
search/rescue more than 25 %
faster than the two-person
crew.  In the same structure,
the four- and five-person crews
started a primary search 6 %
faster than the three-person
crews and 30 % faster than the
two-person crew.  Note that
there is no end time included
in this figure.  Primary search
end times were reliant upon
radio communication by
firefighters inside the structure.
On occasion this
communication did not occur
or was delayed.  Therefore data
reliability was insufficient for
analysis of task duration and
end time.14

Laddering and 
Venting Time
A four-person crew operating
on a low-hazard structure fire
completed laddering and
ventilation (for life safety and
rescue) 30 % faster than a
two-person crew and 25 %
faster than a three-person crew.
Ground laddering time
started with the removal of the
first ladder from the truck and
stopped at end time of the last
ladder put in place. A total of
four ladders were raised on
each experiment.  
Truck operations ventilation
time is the time from the start
time of ventilation of the first
window until the last window
ventilation was complete.  
The differences in start times
and duration of the tasks can be
seen in Figure 35 and Figure 36.

Figure 35: Laddering Time by Crew Size

Figure 36: Ventilation Times by Crew Size1155

15  Stagger was not statistically significant, so the data for crew size were combined.
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16  Stagger was not statistically significant, so the data for far and near stagger were combined.

Figure 37: Industry Standard Effective Response Force Assembly Time

Industry Standard
Effective Response Force
Assembly Time  
NFPA 1710 requires that a fire
department have the capability
to deploy an initial full-alarm
assignment to a scene within
eight-minutes (480 seconds).
The number of people required
falls between 15 and 17,
depending on whether an
aerial apparatus is used, and/or
if two engines are being used to
provide a continuous water
supply.  In these experiments,
the measurement for an
effective response force
assembly time started from the
first engine arrival at the
hydrant and ended when 15
firefighters were assembled on
scene. Figure 37 reveals the
differences in assembly times
between the four and
five-person crews. An effective
response force was assembled
by the five-person crews a full
three minutes faster than the
four-person crews. It is
important to note that (by
definition), the two-and
three-person crews were unable
to meet this standard at any
time during the experiments.16
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Part 4: Fire Modeling

In the room and contentsexperiments conducted in
Part 3 of the study,

instrumentation measured
oxygen, carbon dioxide, and
carbon monoxide
concentrations. Data were
grouped by the type of
experiment conducted with
respect to crew size and first
due engine arrival time. As
previously shown in the
experimental matrix, each
group contained two replicate
tests. In each group of data the
results of the replicates were
averaged to simplify the data
for further comparison. Figure
38 and Figure 39 show the
typical concentration curves for
the experiments. 
These two graphs show the
ranges representative of those
found in the experiments.
Charts of gas curves for the
remainder of the experiments
— for both the burn room and
the target room — can be
found in Appendix H. 

Fire Modeling Methods
A primary goal of fire
department response is to
prevent civilian injuries and
deaths.  Because the significant
majority of fire deaths in the
United States occur in
residences, a rapid fire service
response provides the last
line-of-defense against civilian
fire deaths.  Further, because the
fire service is less likely to rescue
occupants intimate with the
fire (i.e., inside the room of
origin where conditions
deteriorate rapidly), tenability
measurements were taken in a
remote bedroom on the second
floor of the residential burn
structure.  The gas and
temperature measurements were
taken at the 5 ft (1.5 m ) height
above the floor, 3 ft (0.9 m)
from the west wall in order to
simulate a nonambulatory
occupant (e.g, someone asleep,
under the influence of alcohol or
drugs, or otherwise mobility
impaired).  

Figure 38: Representative Oxygen Concentration

Figure 39: Representative Carbon Monoxide and Carbon Dioxide Concentrations



Computational fire models used the average suppression timings
obtained from the time-to-task experiments under specific
deployment configurations as inputs to the model.  This
quantitative approach eliminated the experimental variance of the
fire. The resulting “computational” fire is repeatable, and
therefore, any differences in occupant exposure to toxic gases will
be due to the intervention times associated with a specific
deployment configuration rather than the random variation that
naturally occurs from fire to fire. 

Fire simulations were completed using the NIST Fire Dynamics
Simulator (FDS). FDS is a computational fluid dynamics model of
fire-driven fluid flow. The first version of the FDS was released in
2000. FDS has been extensively verified and validated (USNRC
2007).  Since the initial release, numerous improvements have
been made and new features added. This study used FDS version
5.4.2 (Sub-version #4957), which was released on October 19,
2009.  In order to calibrate the model, simulations were
performed to replicate the experimental results observed in the

Figure 40: Measured vs. Predicted Temperature at the 2.1 m (6.9 ft)
Thermocouple Location in the Burn Compartment 

Figure 41: Measured vs. Predicted Temperature at the 1.8 m (5.9 ft)
Thermocouple Location in the Burn Compartment 

Figure 42: Measured vs. Predicted Temperature at the 1.5 m (4.9 ft)
Thermocouple Location in the Burn Compartment 

Figure 43: Measured vs. Predicted Temperature at the 1.2 m (3.9 ft)
Thermocouple Location in the Burn Compartment 

Figure 44: Measured vs. Predicted Temperature at the 0.9 m (2.9 ft)
Thermocouple Location in the Burn Compartment 

Figure 45: Measured vs. Predicted Temperature at the 0.6 m (1.9 ft)
Thermocouple Location in the Burn Compartment
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room-and-contents fires.  Once
the ability of the model to
replicate experimental results was
established, the different fire
growth rates and deployment
configurations were simulated to
characterize the effectiveness of
different responses relative to
different fire growth rates.
The occupant exposure to toxic
gases was assumed to occur until
the occupant is rescued by the
truck crew (start time of primary
search plus one minute). Table 6
shows the “rescue time” for the
various crew sizes that correspond
to the test matrix for the room
and contents experiments. 
Part 4 of the experiments used
fire modeling to correlate response
times to atmospheric tenability in
a burning structure.  In order to
calibrate the computer fire model,
simulations were performed to
replicate the experimental
results observed in the
room-and-contents fires.
Model inputs include building
geometry and material properties, ventilation paths (doors,
windows, leakage paths), and heat release rate of the fuel package.
While the building geometry is easily measured and material
properties (such as the thermal properties of drywall and
concrete) are readily estimated, the heat release rate was not
directly measured during the experiments.  The heat release rate
of the fuel package is the primary determinant of the production
rate of heat, smoke, and gas species (e.g., carbon dioxide, carbon
monoxide). 
Figures 40 through 45 compare the experimental and simulated
burn room temperatures using the burn room thermocouple tree.
The tree contained thermocouples located at 0.6 m (1.9 ft), 
0.9 m (2.9 ft), 1.2 m (3.9 ft), 1.5 m (4.9 ft), 1.8 m (5.9 ft), and 
2.1 m (6.9 ft) above the floor.  For additional information about
the instrumentation type location, see Appendix C.  The results
for thermocouples located in the hot gas layer show excellent
agreement.  The temperature at the lower two thermocouples
show an overprediction of the hot gas layer depth in the computer
simulation.  A small difference in the location of the interface
height (the steep temperature gradient between the relatively cool
lower gas layer and the hot upper gas layer), can result in
significant predicted temperature differences with relatively little
effect on the bulk heat and mass transport accuracy.  This
explanation is supported by the agreement of the temperatures in
the remote bedroom.
Figure 46 compares the experimental and predicted oxygen
concentration levels in the upstairs bedroom (measured at 5 ft
(1.5 m) above the floor, centered above the bed). Figures 47
through 52 compare the experimental and simulated
temperatures in the upstairs (target room) bedroom.  As expected,
the temperatures are moderated by mixing (cool ambient air
mixes with hot combustion gases during transport between the
burn room and the target room) and by thermal losses to the
(cooler) surfaces between the two rooms.  

Once the model inputs were determined to agree with the
experimental results, the input heat release rate was changed to
represent three fire growth rates representative of a range of fire
hazard development – slow, medium, and fast, which are
described in greater detail in the following sections.

Time to Untenable Conditions: Research Questions
In the real world, fires grow at many different rates – from very
slow, smoldering fires all the way to ultra-fast, liquid fuel or spray
fires.  In order to extend the applicability of the findings of this
report beyond the one fire growth rate observed in part 3 of this
report (residential room and contents fires), computer fire
modeling was used to quantify the effectiveness of fire
department operations in response to an idealized range of fire
growth rates (characterized as slow, medium, and fast).  Based on
the research questions shown in Figure 53, fire modeling methods
were then selected to maximize the applicability of the times to
task results.

Figure 46: Measured Versus Predicted Oxygen Levels in the Upstairs Bedroom at 5 ft (1.5 m)

1) How do performance times relate to fire growth as
projected by standard fire time/temperature curves? 

2) How do these performance times vary by crew size,
first due arrival time, and stagger?

3) How do crew size, stagger, and arrival time affect
occupant tenability within the structure?

Figure 53: Research Questions for Time to Untenable Conditions
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Figure 47: Measured vs. Predicted Temperature at the 2.4 m (7.8 ft)
Thermocouple Location in the Bedroom

Figure 48: Measured vs. Predicted Temperature at the 2.1 m (6.8 ft)
Thermocouple Location in the Bedroom

Figure 49: Measured vs. Predicted Temperature at the 1.8 m (5.9 ft)
Thermocouple Location in the Bedroom

Figure 50: Measured vs. Predicted Temperature at the 1.5 m (4.9 ft)
Thermocouple Location in the Bedroom

Figure 51: Measured vs. Predicted Temperature at the 1.2 m (3.9 ft)
Thermocouple Location in the Bedroom

Figure 52: Measured vs. Predicted Temperature at the 0.9 m (2.9 ft)
Thermocouple Location in the Bedroom

Fire Growth Rates
Three fire growth rates were used in the computer fire modeling to
assess the effectiveness of different fire department deployment
configurations in response to fires that were similar to, faster growing,
and slower growing than the fires observed in the room-and-contents
fires.  The slow, medium, and fast fire growth rates are defined by the
Society of Fire Protection Engineers according to the time at which
they reach 1 megawatt (MW).  A typical upholstered chair burning at
its peak would produce a 1-MW fire, while a large sofa at its burning
peak would produce roughly a 2-MW fire.

The growth rate of fires is often approximated by simple
correlation of heat release rate to the square of time. If a fire is not
suppressed before full-room involvement, the probability of
spread beyond the room of origin increases dramatically if there is
nearby fuel load to support fire spread.  If a nearby fuel load is
available, the 12 ft (3.7 m) by 16 ft (4.9 m) compartment used in
the fire experiments would become fully involved at
approximately 2 MW.  Table 7 shows the time in seconds at which
1-MW and 2-MW (fully involved) fires in this compartment
would be reached in the absence of suppression.
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A fire department rescue
operation is a race between the
deteriorating interior conditions
inside the structure and the
rescue and suppression activities
of the fire department.  Each fire
growth rate was used as a
baseline heat release rate for the
simulation.  Intervention times
(window and door opening times
and suppression time) from the time-to-task tests were
systematically input into the model to evaluate the effects on
interior tenability conditions. The interior tenability conditions
were calculated in a remote upstairs bedroom (above the room of
fire origin on the first floor) in order to maximize the opportunity
for differentiation among different crew configurations.  

Fractional Effective Dose (FED))
In order to convert instantaneous measurements of local gas
conditions, the fractional effective dose (FED) formulation published
by the International Standards Organization (ISO) in document
13571 Life-threatening Components of Fire – Guidelines for the
Estimation of Time Available for Escape Using Fire Data (ISO 2007)
were used.  FED is a probabilistic estimate of the effects of toxic gases
on humans exposed to fire effluent.  The formulation used in the

simulations accounts for carbon monoxide (CO), carbon dioxide
(CO2), and oxygen (O2) depletion.  Other gases, including hydrogen
cyanide (HCN) and hydrogen chloride (HCl), were not accounted
for in this analysis and may alter FED for an actual occupant.

There are three FED thresholds generally representative of
different exposure sensitivities of the general population.  An FED
value of 0.3 indicates the potential for certain sensitive
populations to become incapacitated as a result of exposure to
toxic combustion products.  Sensitive populations may include
elderly, young, or individuals with compromised immune
systems.  Incapacitation is the point at which occupants can no
longer effect their own escape.  An FED value of 1.0 represents the
median incapacitating exposure.  In other words, 50 % of the
general population will be incapacitated at that exposure level.
Finally, an FED value of 3.0 represents the value where occupants
who are particularly tolerant of combustion gas exposure
(extremely fit persons, for example) are likely to become
incapacitated.
These thresholds are statistical probabilities, not exact
measurements.  There is variability in the way individuals respond
to toxic atmospheric conditions. FED values above 2.0 are often
fatal doses for so-called typical occupants.  There is no threshold
so low that it can be said to be safe for every exposed occupant.17

2-Person Early 12:47

3-Person Early 9:03

4-Person Early 9:10

5-Person Early 8:57

2-Person Late 14:47

3-Person Late 11:03

4-Person Late 11:10

Table 6:  Rescue Time for Different Deployment Configurations

Deployment
Configuration 
(All times with

close stagger adjusted
for early and late arrival
of first due engine)

Rescue Time for
Deployment
Configuration

(Min : Sec)

Fire Growth Rate Time in Seconds Time in Seconds to  
Reach 1 MW Reach to 2 MW

Slow 600 848

Medium 300 424

Fast 150 212

Table 7: Time to Reach 1 MW and 2 MW by Fire Growth Rate In the Absence of Suppression

Where Ci is the concentration of the ith gas and (Ct)i is 
the toxic concentration of ith gas and Δt is the time increment.

Eq.1
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17  See the following sections of ISO Document 13571:
5.2 Given the scope of this Technical Specification, FED and/or FEC values of 1,0 are associated, by definition, with sublethal effects that would render occupants of
average susceptibility incapable of effecting their own escape. The variability of human responses to toxicological insults is best represented by a distribution that takes
into account varying susceptibility to the insult. Some people are more sensitive than the average, while others may be more resistant (see Annex A.1.5). The traditional
approach in toxicology is to employ a safety factor to take into consideration the variability among humans, serving to protect the more susceptible subpopulations. 
5.2.1 As an example, within the context of reasonable fire scenarios FED and/or FEC threshold criteria of 0,3 could be used for most general occupancies in order to
provide for escape by the more sensitive subpopulations. However, the user of this Technical Specification has the flexibility to choose other FED and/or FEC threshold
criteria as may be appropriate for chosen fire safety objectives. More conservative FED and/or FEC threshold criteria may be employed for those occupancies that are
intended for use by especially susceptible subpopulations. By whatever rationale FED and FEC threshold criteria are chosen, a single value for both FED and FEC must be
used in a given calculation of the time available for escape.



Results from Modeling Methods
Table 8 shows the FED for slow-, medium-, and fast-growth rate
fires correlated to rescue times based on crew size and arrival time
in the study.  As with the room-and-contents fire in part 3, results
in Table 8 included only the close-stagger rescue time data.  The
effect of far-stagger rescue times on occupant tenability should be

investigated in future studies.  Values above 0.3 are shown in
yellow, and those above the median incapacitating exposure of 1.0
are shown in red.
Figure 54 shows that with slow-growth fires in the experimental
residential structure, all crew configurations could achieve rescue
time before FED reached incapacitating levels.  Figure 55

illustrates the greater danger of
medium-growth fires, where
the FED at rescue time for
two-person crews is well above
the 0.3 level, and almost to that
level for the other crews.
Figure 56 (page 49) vividly
illustrates the extreme danger
of fast-growth fires. By the
time a two-person crew is able
to facilitate a rescue, the FED
has far exceeded the median
1.0 level.  For other crew sizes,
the FED has exceeded 0.3,
which is a threshold level for
vulnerable populations.

Table 8: FED as a Function of Deployment Configuration and Fire Growth Rate

Figure 54: FED Curves for Early Arrival for All Crew Sizes at
Slow-Growth Fires

Remote Room Tenability for Slow Fires

Figure 55: Average FED Curves for Early Arrival for All Crew Sizes
at Medium-Growth Fires

Remote Room Tenability for Medium Fires
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As with the room-and-contents fire in part 3,
results



Interior Firefighting Conditions and Deployment
Configuration
The available time to control a fire can be quite small.  Risks to
firefighters are lower for smaller fires than larger fires because
smaller fires are easier to suppress and produce less heat and fewer
toxic gases.  Therefore, firefighter deployment configurations that
can attack fires earlier in the fire development process present lower
risk to firefighters. The longer the duration of the fire development
process without intervention, the greater the increase in risk for
occupants and responding firefighters.  Therefore, time is critical.
Stopping the escalation of the event involves firefighter
intervention via critical tasks performed on the fireground.
Critical tasks, as described previously, include those tasks that

directly affect the spread of fire as well as the associated structural
tenability. 
There are windows of opportunity to complete critical tasks.  A fire
in a structure with a typical residential fuel load at six minutes
post-ignition is very different from the same fire at eight minutes or at
ten minutes post-ignition.  Some tasks that are deemed “important”
(e.g., scene size-up) for a fire in early stages of growth become critical
if intervention tasks are delayed.  Time can take away opportunities.  If
too much time passes, then the window of opportunity to affect
successful outcomes (e.g., rescue victim or stop fire spread) closes.
For a typical structure fire event involving a fire department
response, there is an incident commander on the scene who
determines both the strategy and tactics that will be employed to
stop the spread of the fire, rescue occupants, ventilate the
structure, and ultimately extinguish the fire.  Incident
commanders must deal with the fire in the present and make
intelligent command decisions based on the circumstances at
hand upon arrival.  Additionally, arrival time and crew size are
factors that contribute to the incident commander’s decisions and
affect the capability of the firefighters to accomplish necessary
tasks on scene in a safe, efficient, and effective manner.
Table 9 illustrates vividly the more dangerous conditions small
crews face because of the extra time it takes to begin and complete
critical tasks (particularly fire suppression).  In the two minutes
more it took for the two-person crew (early arrival) than the
five-person crew (early arrival) to get water on the fire, a slow
growth rate fire would have increased from 1.1 MW to 1.5 MW.
This growth would have been even more extreme for a
medium-or fast-growth rate fire.  The difference is even more
substantial for the two-person crew with late arrival as the fire
almost doubled in size in the time difference between this crew
and the five-person crew.  
Based on fire modeling for the low hazard structure studied with a
typical residential fuel load, it is likely that medium- and fast-growth
rate fires will move beyond the room of origin prior to the arrival of
firefighters for all crew sizes.  Note that results in Table 8 included
only the close-stagger rescue time data.  The effect of far-stagger
rescue times on occupant tenability should be investigated in future
studies. Therefore, the risk level of the event upon arrival will be
higher for all crews which must be considered by the incident
commander when assigning firefighters to on-scene tasks.

Figure 56: Average FED Curves for Early Arrival for All Crew Sizes
at Fast-Growth Fires

Table 9: Fire Size at Time of Fire Suppression

Remote Room Tenability for Fast Fires

Deployment Time to Water  Fire Size at Time of 
Configuration on Fire Suppression for 

Slow-Growth Fires

2-Person, Late Arrival 14:26 2.1 MW

2-Person, Early Arrival 12:26 1.5 MW

3-Person, Late Arrival 13:24 1.8 MW

3-Person, Early Arrival 11:24 1.3 MW

4-Person, Late Arrival 13:11 1.7 MW

4-Person, Early Arrival 11:11 1.3 MW

5-Person, Late Arrival 12:33 1.6 MW

5-Person, Early Arrival 10:33 1.1 MW
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Reports on firefighter fatalities consistently document
overexertion/overstrain as the leading cause of line-of-duty
fatalities.  There is strong epidemiological evidence that

heavy physical exertion can trigger sudden cardiac events
(Mittleman et al. 1993; Albert et al. 2000).  Therefore, information
about the effect of crew size on physiological strain is very
valuable.  
During the planning of the fireground experiments,
investigators at Skidmore College recognized the opportunity to
conduct an independent study on the relationship between
firefighter deployment configurations and firefighter heart rates.
With the approval of the Institutional Review Board of Skidmore
College, they were able to leverage the resources of the field
experiments to conduct a separate analysis of the cardiac strain 
on fire fighters on the fireground.

For details, consult the complete report (Smith 2009).  Two
important conclusions from the report reinforce the importance
of crew size:

� Average heart rates were higher for members of small crews,
particularly two-person crews.

� Danger is increased for small crews because the stress of fire
fighting keeps heart rates elevated beyond the maximum heart
rate for the duration of a fire response, and so the higher heart
rates were maintained for sustained time intervals.

Physiological Effects of Crew Size on Firefighters
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Study Limitations

The scope of this study is limited to understanding the
relative influence of deployment variables to low-hazard,
residential structure fires, similar in magnitude to the

hazards described in NFPA 1710.  The applicability of the
conclusions from this report to commercial structure fires,
high-rise fires, outside fires, terrorism/natural disaster response,
HAZMAT or other technical responses has not been assessed and
should not be extrapolated from this report. 
Every attempt was made to ensure the highest possible degree of
realism in the experiments while complying with the
requirements of NFPA 1403, but the dynamic environment on the
fireground cannot be fully reproduced in a controlled experiment.
For example, NFPA 1403 required a daily walkthrough of the burn
prop (including identifying the location of the fire) before
ignition of a fire that would produce an Immediately Dangerous
to Life and Health (IDLH) atmosphere, a precaution not available
to responders dispatched to a live fire.
The number of responding apparatus for each fireground
response was held constant (three engines and one truck, plus the
battalion chief and aide) for all crew size configurations.  The
effect of deploying either more or fewer apparatus to the scene
was not evaluated.
The fire crews who participated in the experiments typically
operate using three-person and four-person staffing.  Therefore,
the effectiveness of the two-person and five-person operations
may have been influenced by a lack of experience in operating at

those staffing levels.  Standardizing assigned tasks on the
fireground was intended to minimize the impact of this factor,
which has an unknown influence on the results.
The design of the experiments controlled for variance in
performance of the incident commander.  In other words, a
more-or less-effective incident commander may have a significant
influence on the outcome of a residential structure fire. 
Although efforts were made to minimize the effect of learning
across experiments, some participants took part in more than one
experiment, and others did not.
The weather conditions for the experiments were moderate to
cold.  Frozen equipment such as hydrants and pumps was not a
factor.  However, the effect of very hot weather conditions on
firefighter performance was not measured.
All experiments were conducted during the daylight hours.
Nighttime operations could pose additional challenges. 
Fire spread beyond the room of origin was not considered in the
room and contents tests or in the fire modeling.  Therefore, the
size of the fire and the risk to the firefighter may be somewhat
underestimated for fast-growing fires or slower-response
configurations.
There is more than one effective way to perform many of the
required tasks on the fireground.  Attempts to generalize the
results from these experiments to individual departments must
take into account tactics and equipment that vary from those used
in the experiments.
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Conclusions

More than 60 laboratory and full-scale fire experiments were
conducted to determine the impact of crew size, first-due
engine arrival time, and subsequent apparatus arrival

times on firefighter safety and effectiveness at a low-hazard
residential structure fire.  This report quantifies the effects of
changes to staffing and arrival times for low-hazard residential
firefighting operations.  While resource deployment is addressed in
the context of a single structure type and risk level, it is recognized
that public policy decisions regarding the cost-benefit of specific
deployment decisions are a function of many factors including
geography, available resources, community expectations, as well as
all local hazards and risks.  Though this report contributes
significant knowledge to community and fire service leaders in
regard to effective resource deployment for fire suppression, other
factors contributing to policy decisions are not addressed. 
The objective of the experiments was to determine the relative
effects of crew size, first-due engine arrival time, and stagger time
for subsequent apparatus on the effectiveness of the firefighting
crews relative to intervention times and the likelihood of occupant
rescue using a parametric design.  Therefore, the experimental
results for each of these factors are discussed below.
Of the 22 fireground tasks measured during the experiments, the
following were determined to have especially significant impact on
the success of fire fighting operations.  Their differential outcomes
based on variation of crew size and/or apparatus arrival times are
statistically significant at the 95 % confidence level or better.

Overall Scene Time: 
The four-person crews operating on a low-hazard structure fire
completed all the tasks on the fireground (on average) seven
minutes faster— nearly 30 % — than the two-person crews. The
four-person crews completed the same number of fireground tasks
(on average) 5.1 minutes faster— nearly 25 % — than the
three-person crew. For the low-hazard residential structure fire,
adding a fifth person to the crews did not decrease overall fireground
task times.  However, it should be noted that the benefit of five-person
crews has been documented in other evaluations to be significant for
medium- and high-hazard structures, particularly in urban settings,
and should be addressed according to industry standards.18

Time to Water on Fire: 
There was a nearly 10 % difference in the “water on fire time”
between the two and three-person crews and an additional 6 %
difference in the “water on fire time” between the three- and
four-person crews (i.e., 16 % difference between the four and
two-person crews).  There was an additional 6 % difference in the
“water on fire’” time between the four- and five-person crews (i.e.,
22 % difference between the five and two-person crews).  

Ground Ladders and Ventilation: 
The four-person crew operating on a low-hazard structure fire
can complete laddering and ventilation (for life safety and rescue)
30 % faster than the two-person crew and 25 % faster than the
three-person crew.

Primary Search: 
The three-person crew started and completed a primary search
and rescue 25 % faster than the two-person crew.  In the same

structure, the four- and five-person crews started and completed a
primary search 6 % faster than the three-person crews and 30 %
faster than the two-person crew.  A 10 % difference was equivalent
to just over one minute.

Hose Stretch Time: 
In comparing four-and five-person crews to two-and three-person
crews collectively, the time difference to stretch a line was 76 seconds.
In conducting more specific analysis comparing all crew sizes to a
two-person crew the differences are more distinct.  A two-person crew
took 57 seconds longer than a three-person crew to stretch a line.  A
two-person crew took 87 seconds longer than a four-person crew to
complete the same tasks. Finally, the most notable comparison was
between a two-person crew and a five-person crew — more than 2
minutes (122 seconds) difference in task completion time. 

Industry Standard Achieved: 
The “industry standard achieved” time started from the first
engine arrival at the hydrant and ended when 15 firefighters were
assembled on scene.19 An effective response force was assembled
by the five-person crews three minutes faster than the four-person
crews.  According to study deployment protocal, the two- and
three-person crews were unable to assemble enough personnel to
meet this standard.

Occupant Rescue: 
Three different “standard” fires (slow-, medium-, and fast-growth
rate) were simulated using the Fire Dynamics Simulator (FDS) model.
The fires grew exponentially with time.  The fire modeling simulations
demonstrated that two-person, late arriving crews can face a fire that is
twice the intensity of the fire faced by five-person, early arriving crews.
The rescue scenario was based on a nonambulatory occupant in an
upstairs bedroom with the bedroom door open.
Independent of fire size, there was a significant difference between
the toxicity, expressed as fractional effective dose (FED), for
occupants at the time of rescue depending on arrival times for all
crew sizes.  Occupants rescued by crews starting tasks two minutes
earlier had lesser exposure to combustion products.  
The fire modeling showed clearly that two-person crews cannot
complete essential fireground tasks in time to rescue occupants
without subjecting either firefighters or occupants to an
increasingly hazardous atmosphere.  Even for a slow-growth rate
fire, the FED was approaching the level at which sensitive
populations, such as children and the elderly are threatened.  For a
medium-growth rate fire with two-person crews, the FED was far
above that threshold and approached the level affecting the median
sensitivity in general population.  For a fast-growth rate fire, the
FED was well above the median level at which 50 % of the general
population would be incapacitated. Larger crews responding to
slow-growth rate fires can rescue most occupants prior to
incapacitation along with early-arriving larger crews responding to
medium-growth rate fires.  The result for late-arriving (two
minutes later than early-arriving) larger crews may result in a threat
to sensitive populations for medium-growth rate fires.”  The new
sentence is consistent with our previous description for two-person
crews where we identify a threat to sensitive populations..
Statistical averages should not, however, mask the fact that there is
no FED level so low that every occupant in every situation is safe.
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18 NFPA Standard 1710 - A.5.2.4.2.1 …Other occupancies and structures in the community that present greater hazards should be addressed by additional fire fighter
functions and additional responding personnel on the initial full alarm assignment.
19 NFPA 1710 Standard for the Organization and Deployment of Fire Suppression Operations, Emergency Medical Operations, and Special Operations to the Public by
Career Fire Departments.  Section 5.2.1 – Fire Suppression Capability and Section 5.2.2 Staffing.
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Summary:
The results of these field experiments contribute significant
knowledge to the fire service industry.  First, the results establish a
technical basis for the effectiveness of company crew size and arrival
time in NFPA 1710.  The results also provide valid measures of total
effective response force assembly on scene for fireground operations,
as well as the expected performance of time-to-critical-task
measures for a low-hazard structure fires.  Additionally, the results
provide tenability measures associated with the occupant exposure
rates to the range of fires considered by the fire model.
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In order to realize a significant reduction in firefighterline-of-duty death (LODD) and injury, fire service leaders must
focus directly on resource allocation and the deployment of

resources, both contributing factors to LODD and injury.  Future
research should use similar methods to evaluate firefighter
resource deployment to fires in medium- and high-hazard
structures, including multiple-family residences and commercial
properties.  Additionally, resource deployment to
multiple-casualty disasters or terrorism events should be studied
to provide insight into levels of risks specific to individual
communities and to recommend resource deployment
proportionate to such risk. Future studies should continue to
investigate the effects of resource deployment on the safety of
both firefighters and the civilian population to better inform
public policy.

Future Research
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APPENDIX A: Laboratory Experiments

The fire suppression and
resource deployment
experiments consisted of

four distinct parts: laboratory
experiments, time-to-task
experiments, room and contents
experiments and fire modeling.
The purpose of the laboratory
experiments was to assure a fire
in the field experiments that
would consistently meet NFPA
1403 requirements for live fire
training exercises. The
laboratory experiments enabled
investigators to characterize the
burning behavior of the wood
pallets as a function of:

� number of pallets and the
subsequent peak heat release
rate

� compartment effects on burning of wood pallets

� effect of window ventilation on the fire

� effect on fire growth rate of the loading configuration of
excelsior (slender wood shavings typically used as packing
material)

Design and Construction
Figure A-1 shows the experimental configuration for the
compartment pallet burns. Two identically sized compartments
(3.66 m x 4.88 m x 2.44 m) were connected by a hallway (4 m x 1 m
x 2.4 m). At each end of the hallway, a single door connected the
hallway to each of the compartments. In the burn compartment, a
single window (3 m x 2 m) was covered with noncombustible
board that was opened for some experiments and closed for others.
At the end of test, it was opened to extinguish the remaining
burning material and to remove any debris prior to the next test. In
the second compartment, a single doorway connected the
compartment to the rest of the test laboratory. It was kept open
throughout the tests allowing the exhaust to flow into the main
collection hood for measurement of heat release rate.
The structure was constructed of two layer of gypsum wallboard
over steel studs. The floor of the structure was lined with two
layers of gypsum wallboard directly over the concrete floor of the
test facility. In the burn compartment, an additional lining of
cement board was placed over the gypsum walls and ceiling
surfaces near the fire source to minimize fire damage to the
structure after multiple fire experiments. A doorway 0.91 m wide
by 1.92 m tall connected the burn compartment to the hallway
and an opening 1 m by 2 m connected the hallway to the target
compartment. Ceiling height was 2.41 m throughout the
structure, except for the slight variation in the burn room.

Fuel Source
The fuel source for all of the tests was recycled hardwood pallets
constructed of several lengths of hardwood boards nominally 83

mm wide by 12.7 mm thick. Lengths of the individual boards
ranged from nominally 1 m to 1.3 m. The finished size of a single
pallet was approximately 1 m by 1.3 m by 0.11 m. Figure A-2
shows the fuel source for one of the tests including six stacked
pallets and excelsior ignition source. For an ignition source,
excelsior was placed within the pallets, with the amount and
location depending on the ignition scenario. Figure A-3 shows
the pallets prior to a slow and a fast ignition scenario fire. Table
A-1 details the total mass of pallets and excelsior for each of the
free burn and compartment tests.

Experimental Conditions
The experiments were conducted in two series. In the first
series, heat release measurements were made under free burn
conditions beneath a 6 m by 6 m hood used to collect combustion
gases and provide the heat release rate (HRR) measurement. A
second series of tests was conducted with the fire in a
compartmented structure to assess environmental conditions
within the structure during the fires and determine the effect of
the compartment enclosure on the fire growth. Table A-1 presents
a summary of the tests conducted.

Figure A-1. Compartment Configuration and Instrumentation for Pallet Tests

Figure A-2. Pallets and Excelsior Ignition Source
Used as a Fuel Source
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Measurements Conducted
Heat release rate (HRR) was measured in all tests. HRR
measurements were conducted under the 3 m by 3 m calorimeter
at the NIST Large Fire Research Laboratory. The HRR
measurement was based on the oxygen consumption calorimetry
principle first proposed by Thornton (Thornton 1917) and
developed further by Huggett (Huggett 1980) and Parker (Parker
1984). This method assumes that a known amount of heat is
released for each gram of oxygen consumed by a fire. The
measurement of exhaust flow velocity and gas volume fractions
(O2, CO2 and CO) were used to determine the HRR based on the
formulation derived by Parker (Parker 1984) and Janssens
(Janssens 1981). The combined expanded relative uncertainty of
the HRR measurements was estimated at ± 14 %, based on a
propagation of uncertainty analysis (Bryant 2004).
For the compartment fire tests, gas temperature measurements
were made in the burn compartment and in the target
compartment connected by a hallway to the burn compartment
using 24 gauge bare-bead chromel-alumel (type K)
thermocouples positioned in vertical array. Thermocouples were
located at the center of each compartment at locations 0.03 m,
0.30 m, 0.61 m, 0.91 m, 1.22 m, 1.52 m, 1.83 m, and 2.13 m from
the ceiling. The expanded uncertainty associated with a type K
thermocouple is approximately ± 4.4oC. (Omega 2004)
Gas species were continuously monitored in the burn
compartment at a level 0.91 m from the ceiling at a location
centered on the side wall of the compartment, 0.91 m from the
wall. Oxygen was measured using paramagnetic analyzers.
Carbon monoxide and carbon dioxide were measured using
non-dispersive infrared (NDIR) analyzers. All analyzers were
calibrated with nitrogen and a known concentration of gas prior
to each test for a zero and span concentration calibration. The
expanded relative uncertainty of each of the span gas molar
fractions is estimated to be ± 1 %.
Total heat flux was measured on the side wall of the enclosure at
a location centered on the side wall, 0.61 m from the ceiling level.
The heat flux gauges were 6.4 mm diameter Schmidt-Boelter type,
water cooled gauges with embedded type-K thermocouples (see
Figure A-4). The manufacturer reports a ± 3 % expanded
uncertainty in the response calibration (the slope in kW/m2/mV).
Calibrations at the NIST facility have varied within an additional
± 3 % of manufacturer’s calibration. For this study, an uncertainty
of ± 6 % is estimated.

Table A-1. Tests Conducted and Ambient Conditions
at Beginning of Each Test

Notes: PAL stands for “pallet” and CRA (“Community Risk
Assessment”) is the designator for the configuration of pallets
burned in the compartment. Efforts were made to use the same
amount of excelsior mass for CRA 2 (~0.8 kg), but the value was
not measured.

Figure A-3. Fuel and Excelsior Source for Slow (top)
and Fast (bottom) Ignition Scenarios Figure A-4: Heat Flux Gauge with Radiation Shielding
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Results
Table A-2 shows the peak HRR and time to peak HRR for the
free burn tests and for the compartment tests. Figure A-5 includes
images from the free burn experiments near the time of peak
HRR for each of the experiments. Figure A-6 illustrates the
progression of the fire from the exit doorway looking down the
hallway to the burn compartment for one of the tests. Figure A-7
to Figure A-10 present graphs of the heat release rate for all of the
tests. Figure A-11 through Figure A-15 shows the gas temperature,
major gas species concentrations, and heat flux in the burn
compartment and target compartment in the five compartment
tests.

Table A-2. Peak Heat Release Rate During Several Pallet
Tests in Free-burn and in a Compartment

Figure A-5. Free-Burn Experiments Near Time of Peak Burning
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Figure A-6. Example Fire Progression from Test CRA 1

Figure A-7. HRR, Slow Ignition, Free Burn Scenario

Figure A-8. HRR, Fast Igntion, Free Burn Scenario

Figure A-9. HRR, Slow Ignition, Compartment Test

Figure A-10. HRR, Fast Ignition, Compartment Test
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Figure A-11. Temperature, Gas Concentration, and Heat Flux During Test CRA 1, 6 Pallets, Slow Ignition Scenario
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Figure A-12. Temperature, Gas Concentration, and Heat Flux During Test CRA 2, 4 Pallets, Slow Ignition Scenario
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Figure A-13. Temperature, Gas Concentration, and Heat Flux During Test CRA 3, 4 Pallets, Fast Ignition Scenario
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Figure A-14. Temperature, Gas Concentration, and Heat Flux During Test CRA 4, 4 Pallets, Slow Ignition Scenario (Replicate)
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Figure A-15. Temperature, Gas Concentration, and Heat Flux During Test CRA 5, 4 Pallets, Slow Ignition Scenario
(Open Window Venting)
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Based upon the results of the laboratory experiments, the
project team determined that four pallets would provide
both a realistic fire scenario, as well as a repeatable and

well-characterized fuel source. Varying the placement and
quantity of excelsior provided significant variance in the rate of
fire growth. Prior to finalization of the fuel package and
construction specifications, modeling was used to ensure that the
combination of fuel and residential geometry would result in
untenable conditions throughout the structure without subjecting
the firefighters to unsafe testing conditions. Therefore, CFAST
(the consolidated fire and smoke transport model (Jones 2000))

and FDS (fire dynamics simulator model (McGrattan 2006)) were
used to predict the temperatures and toxic species within the
structure as a function of the experimentally determined heat
release rates. The results summarized below confirmed that the
building geometry and fuel package produced adequate variation
in tenability conditions in the residential structure and ensured
that the room of origin would not reach flashover conditions (a
key provision of NFPA 1403). Meeting these conditions provided
the foundation for experiments to meet the two primary objectives
of fire department response: preservation of life and property.

APPENDIX B: Designing Fuel Packages for Field Experiments

Figure B-1: Time-dependent temperature contours in field structure with fast growth fire

Figure B-2: Time-dependent smoke density contours in field structure with fast growth fire

Figure B-1 and B-2 show the thermal and smoke
conditions in the residential structure at different time
periods using the fast growth, four pallet fuel package.

The results of the fire modeling indicated development
of untenable conditions in the field experiments
between 5 and 15 minutes, depending upon several
factors: fire growth rate, ventilation conditions, the total
leakage of heat into the building and through leakage
paths, and firefighter intervention. This time frame
allowed for differentiation of the effectiveness of various
fire department deployment models.
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Through the generosity of the Montgomery County (MD),
an open space was provided to construct a temporary burn
prop at the Montgomery County Fire and Rescue Training

Facility in Rockville, MD. The area had ready access to water and
electrical utilities. A licensed general contractor was retained,
including a structural engineer for the design of critical ceiling
members, and the burn prop was constructed over a several
month period in late 2008.
The burn prop consisted of two 2,000 ft.2 (186 m2) floors
totaling 4,000 ft.2 (372 m2). An exterior view of two sides of the
burn prop is shown in Figure C-1.
Additional partitions were installed by NIST staff to create a
floor plan representative of a two-story, 186 m2 (2,000 ft.2) single
family residence. Note that the structure does not have a
basement and includes no exposures. The overall dimensions are
consistent with the general specifications of a typical low hazard
residential structure that many fire departments respond to on a
regular basis, as described in NFPA 1710.
Further details about typical single family home designs are not
provided in the standard. Therefore, a floor plan representative of
a typical single family home was created by the project team.
Details and floor plan dimensions are shown in Figure C-2.

The black lines indicate load-bearing reinforced concrete walls
and red lines indicate the gypsum over steel stud partition walls.
The ceiling height, not shown in Figure C-2, is 94 in. (2.4 m)
throughout the entire structure except in the burn compartments,
where the ceiling height is 93 in. (2.4 m). The purpose of the
partition walls was to symmetrically divide the structure about
the short axis in order to allow one side of the test structure to
cool down and dry-out after a fire test with suppression while
conducting experiments on the other side.
The concrete walls original to the burn prop were 8 in. (204 mm

) thick steel reinforced poured
concrete and the floors on the first
level and second levels were 4 in.
(102 mm) thick poured concrete.
The support structure for the
second floor and the roof
consisted of corrugated metal pan
welded to open web steel joists.
The dimensions of the joists are
shown in Figure C-3. The ceiling
was constructed from ½ in. (13
mm) thick cement board fastened
to the bottom chord of the steel
joists. Partition walls were
constructed from 5/8 in. (17 mm)
thick gypsum panels attached to
20 gauge steel studs fastened to
steel track, spaced 16 in. (407
mm) on center.
Additional construction was
implemented in the burn
compartments to address thermal
loading and hose stream
impingement concerns. Spray-on
fireproofing was applied to the
steel joists prior to fastening the
ceiling, as shown in Figure C-4.
The ceilings were constructed
with three layers of ½ in. (13 mm)
cement board, as opposed to one
layer construction in the rest of
the building. Each layer was
fastened in a different direction so
that seams of adjacent layers ran
orthogonally. The difference in
ceiling heights previously

APPENDIX C: Temporary Burn Prop Construction and Instrumentation

Figure C-1: View of two sides of the burn prop

Figure C-2: Dimensions of the Burn Prop Floor Plan



70

mentioned is the result of the two additional sheets of cement
board. The burn compartment walls were constructed from a
single layer of ½ in. (13 mm) cement board over a single layer of
5/8 in. (16 mm) gypsum board, attached to 7/8 in. (22 mm) offset
metal furring strips. Particular care was taken so that all ceiling
and partition wall seams were filled with chemically-setting type
joint compound to prevent leakage into the interstitial space
between the ceiling and the floor above. After construction of the
ceiling was complete, a dry-standpipe deluge system was installed
with one head in each burn room to provide emergency
suppression. During an experiment, a 2.5 in. (104 mm) ball valve
fitting was attached and charged from a nearby hydrant. Figure

C-5 was taken during the process of replacing “worn out” ceiling
panels and shows the additional construction implemented in the
burn room as well as the deluge sprinkler head.
Windows and exterior doors were constructed to be
non-combustible.Windows were fabricated from 0.25 in. (10
mm) thick steel plate and the exterior doors were of prefabricated
hollow-core steel design. The windows on the first floor were 30
in. (0.76 m) width x 36 in. (0.91 m) height and 36 in. (0.91 m)
width x 40 in. (1.02 m) height on the second floor. Exterior doors
were 35.8 in. (0.88 m) width x 80.5 in. (2.03 m) height. There
were no doors attached to the doorways inside the structure.
Figure C-6 shows the construction of the burn prop windows as
well as the NFPA 1403-compliant latch mechanism. Figure C-7 is
a picture of the interior of the burn prop taken just outside the
burn compartment, showing the construction of the ceiling,
interior doorway construction, gypsum wing wall and the joint
compound used to seal seams in the ceiling and walls.

Instrumentation
After construction, the instrumentation to measure the
propagation of products of combustion was installed throughout
the burn prop. The instrumentation plan was designed to measure
gas temperature, gas concentrations, heat flux, visual obscuration,
video, and time during the experiments. The data were recorded at
intervals of 1 s on a computer based data acquisition system. A
schematic plan view of the instrumentation arrangement is shown
in Figure C-8.
Table C-1 gives the locations of all of the instruments.

Measurements taken prior to
the compartment fire
experiments were length, wood
moisture content, fuel mass
and weather conditions
(relative humidity,
temperature, wind speed and
direction). Gas temperatures
were measured with two
different constructs of type K
(Chromel-Alumel)
thermocouples. All
thermocouples outside the
burn compartments were
fabricated from 30 gauge
glass-wrapped thermocouple
wire. Vertical arrays of three
thermocouples were placed
near the front door on the
north side and south sides of
the stairwell on the first floor.
On the second floor, vertical
arrays of eight thermocouples
were placed near the center of
each target room. Inside the
burn compartments, seven 3.2
mm (0.125 in.) exposed
junction thermocouples and
0.76 m (30 in.) SUPER
OMEGACLAD XL® sheathed
thermocouple probes were
arranged in a floor-to-ceiling
array. Figure C-9 shows the
vertical array in the burn

Figure C-3: Structural Steel Dimensions

Figure C-4: Fireproofing added to structural steel Figure C-5: Additional construction of burn room
walls and ceiling and deluge sprinkler head.

Figure C-6: Window & Latch Construction Figure C-7: Interior View of Burn Prop
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compartment. Type K
thermocouple probes were
chosen because of their ability to
withstand high temperature,
moisture and physical abuse
resulting from physical contact
with hose streams and
firefighters. To protect the
extension wire and connectors
from the effects of heat and
water, through-holes were drilled
in the burn compartment walls
and the sheaths were passed
through from the adjacent
compartment. To prevent leakage
through the holes, all void spaces
were tightly packed with mineral
wool. Inside the burn
compartment the end of each
probe was passed through an
angle iron stand, and fastened to
the floor and ceiling to provide
additional protection from
physical contact with firefighters
and to ensure that the
measurement location remained
fixed throughout the
experiments. In consideration of
the risk associated with heating
the open web steel joists,
additional thermocouples were
placed above each burn
compartment to monitor the
temperature of the interstitial
space.

Figure C-8: Instrumentation & Furniture Prop Layout



Gas concentrations were sampled at the same location in each
target room. Both gas probes were plumbed to the same analyzer
and isolated using a switch valve; gas was only sampled at one
location during any given test. The gas sampling points were
located in the center of the West wall (C Side) of both rooms, 1.5
m (5 ft.) above the floor. The sampling tubes were connected to a
diaphragm pump which pulled the gas samples through stainless
steel probes into a sample conditioning system designed to
eliminate moisture in the gas sample. The dry gas sample was
then piped to the gas analyzer setup. In all of the experiments,
oxygen was measured using a paramagnetic analyzer and carbon
monoxide and carbon dioxide were measured using a
non-dispersive infrared (NDIR) analyzer. One floor-to-ceiling
thermocouple array was also co-located with each sample port
inlet.
Schmidt-Boelter heat flux gauges were placed in the North burn
room. One gauge was located 1.0 m (3.3 ft.) above the floor and
was oriented towards the fire origin (waste basket). This heat flux
gauge was placed to characterize the radiative heat flux at the face
piece level that would be experienced by a firefighter inside the
room. A second flux gauge was placed on the floor in order to
characterize the radiative heat flux from the upper layer and to
make an estimate of how close the room was to flashing over with
respect to time from ignition (using the common criteria of
flashover occurring at ~20kW/m2 at the floor level). The heat flux
gauges were co-located with the thermocouple probe array.

All length measurements were made using a steel measuring
tape.Wood moisture content measurements were taken using a
non-insulated-pin type wood moisture meter. Fuel mass was
measured prior to each experiment using a platform-style heavy
duty industrial scale. Mass was not measured after each
experiment because of the absorption of fire suppression water.
Publicly accessible Davis Vantage Pro2 weather instrumentation
(available via http://www.wunderground.com) located
approximately two miles from the experimentation site was used
to collect weather data in five minute intervals for the each day
that the experiments were conducted. Figure C-10 is a
photograph of the West wall of the North target room, showing
the thermocouple array, the smoke obscuration meter, and a gas
sampling probe used during the phase two experiments. The
layout is identical to that in the South target room.
Non-combustible “prop” furniture was fabricated from angle
iron stock and gypsum wallboard. The purpose of the furniture
was twofold. The furniture was placed inside the burn prop to
simulate realistic obstacles which obscure the search paths and
hose stream advancement. The second use for the furniture was so
that measurement instrumentation could be strategically placed
within the frame of the furniture. This served to protect
instrumentation from physical damage as a result of contact with
firefighters and their tools. Figure C-11 shows an example of a
table placed outside the burn room.
All instruments were wired to a centralized data collection room,
shown in Figure C-12, which was attached as a separate space on
one side of the building. This ensured physical separation for the
data collection personnel from the effects of the fire, while
minimizing the wire and tube lengths to the data logging
equipment. Note that the roof of the instrument room was
designed to serve as an additional means of escape for personnel
from the second floor of the burn prop through a metal door. A
railing was installed in order to minimize the fall risk in the event
that the emergency exit was required.

Figure C-9: Burn Room Thermocouple Array Figure C-10: Target Room Instrument Cluster

Figure C-11: Non-combustible “Prop” Table
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Figure C-12: Instrumentation Room
Outside Inside
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Time-to-Task Data Collection Chart

Date ______________Start Time __________ End Time (all task complete) __________

Timer Name ________________________________________________________________

APPENDIX D: Data Collection and Company Protocols for Time-to-Task Tests
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Tasks/Company

Arrive on Scene

- Arrive/ stop at hydrant

- Position engine
______________

- Layout report

- On-scene report

- Conduct size-up – 360o

lap – incident action plan – offensive
– detail incident (situation report)

- Transmit size-up to responding units

- Transfer command to chief

Establish Supply line

- Hydrant-Drop line (wrap)

- Position engine

- Pump engaged

- 4” straight lay

- ----------------

- Supply attack engine

Position attack line

- Flake

- Charge

- Bleed
- ----------------
- Advance

Establish - 2 in – 2 out

(Initial RIT)

Establish RIT

(Dedicated)

Company Protocols: Crew Size of 2
(10 total personnel on scene)
PLUS 4 RIC – 1403 = total 14 needed

Engine 1/2

Driver

Officer
-

Driver/O

Driver/O

Driver/O

Officer – (Not
interior—just
front door)

Officer

Truck 1/2

-Arrive
- 360o lap

Position Truck

Officer

O/D

O/D (performs
all RIT duties)

Engine 2/2

-Dry Lay – 2nd
engine takes
hydrant

- Charged
hydrant

– Supply attack
engine

Driver

Battalion Chief/ Aide

- Arrives
- Assumes Command
- Evaluates Resources
- Establishes
Command post
- Evaluates exposure
problems
- Directs hose
positioning
- Coordinates Units
- Transmits
Progress reports
- Changes strategy
- Orders, records, and
transmits results of
primary and
secondary searches
- Declares fire under
control

Engine 3/2
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Tasks/Company

Gain/ Force Entry

Advance Line
- scan search fire room
- suppression

Deploy Back-up Line and protect
stairwell

Complete Primary Search
(in combo with Fire Attack)

Search Fire Floor

Search other Floors

Ventilation
(vent for fire or vent for life)

- Horizontal
- Ventilation

Ground Laddering – 2nd story
windows, front and side, for
firefighter means of egress and for
vertical ventilation – 24’/28’ and
roof ladder in case of vertical vent.

Control Utilities

(Interior and exterior)

Conduct Secondary Search

- Search Fire Floors

- Search other Floors

Check for Fire Extension

Open ceiling walls near fire on fire
floor

Check floor above for fire
extension

- wall breech

- ceiling breech

Mechanical Ventilation

Engine 1/2

Officer
(if officer commits
then he must pass
command)

Officer

Officer

Truck 1/2

O/D

Driver/Officer

Driver /Officer

Driver/Officer

Engine 2/2

Officer

Officer

Officer

Battalion Chief/ Aide Engine 3/2

O/D

O/D

Driver/Officer

O/D
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Tasks/Company

Arrive on Scene

- Arrive/ stop at hydrant

- Position engine
______________

- Layout report

- On-scene report

- Conduct size-up – 360o

lap – incident action plan – offensive
– detail incident (situation report)

- Transmit size-up to responding units

- Transfer command to chief

Establish Supply line

- Hydrant-Drop line (wrap)

- Position engine

- Pump engaged

- 4” straight lay

- ----------------

- Supply attack engine

Position attack line

- Flake

- Charge

- Bleed

- Advance

Establish - 2 in – 2 out

(Initial RIT)

Establish RIT

(Dedicated)

Company Protocols: Crew Size of 3
(14 total personnel on scene)
PLUS 4 RIC – 1403 = total 18 needed

Engine 1/3

Driver

Officer
-

Driver

Driver

Driver

D/RB

Truck 1/3

-Arrive

- 360 degree lap

Position Truck

O/RB

Engine 2/3

Dry Lay – 2nd
engine takes
hydrant

Charged
hydrant –

Supply attack
engine

Driver

O/RB— advance
by foot to get to
point of entry –
performs all RIT
duties

Battalion Chief/ Aide

- Arrives
- Assumes Command
- Evaluates Resources
- Establishes
Command post
- Evaluates exposure
problems
- Directs hose
positioning
- Coordinates Units
- Transmits
Progress reports
- Changes strategy
- Orders, records, and
transmits results of
primary and
secondary searches
- Declares fire under
control

Engine 3/2
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Tasks/Company

Gain/ Force Entry

Advance Line
- scan search fire room
- suppression

Deploy Back-up Line and
protect stairwell

Complete Primary Search
(in combo with Fire Attack)

Search Fire Floor

Search other Floors

Ventilation
(vent for fire or vent for life)

- Horizontal
- Ventilation

Ground Laddering – 2nd story
windows, front and side, for
firefighter means of egress and for
vertical ventilation – 24’/28’ and
roof ladder in case of vertical vent.

Control Utilities

(Interior and exterior)

Conduct Secondary Search

- Search Fire Floors

- Search other Floors

Check for Fire Extension

Open ceiling walls near fire on fire
floor

Check floor above for fire
extension

- wall breech

- ceiling breech

Mechanical Ventilation

Engine 1/3

O/RB
(if officer commits
then he must pass
command)

O/RB

Truck 1/3

O/RB

O/ RB

-

Driver

Driver

Driver (exterior)

O/RB (Interior)

O/RB

Driver

Engine 2/3 Battalion Chief/ Aide Engine 3/3

O/RB

Driver

Driver

Driver
(exterior)

O/RB

Driver
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Tasks/Company

Arrive on Scene

- Arrive/ stop at hydrant

- Position engine
______________

- Layout report

- On-scene report

- Conduct size-up – 360o

lap – incident action plan – offensive
– detail incident (situation report)

- Transmit size-up to responding units

- Transfer command to chief

Establish Supply line

- Hydrant-Drop line (wrap)

- Position engine

- Pump engaged

- 4” straight lay

- ----------------

- Supply attack engine (1 3/4”)

Position attack line

- Flake

- Charge

- Bleed

- Advance

Establish - 2 in – 2 out

(Initial RIT)

Establish RIT

(Dedicated)

Company Protocols: Crew Size of 4
Total on scene = 18
PLUS 4 RIC – 1403 = total 22 needed

Engine 1/4

Driver

Officer
-

Driver

Driver

Driver

RB/Nozzle

LB/Flake

Both advance line
for fire attack

Truck 1/4

-Arrive

- 360 degree lap

Position Truck

D/LB

Engine 2/4

-Dry Lay – 2nd
engine takes
hydrant

Charged
hydrant –
Supply attack
engine

Driver

O/LB/RB—
advance by foot
to get to point of
entry – performs
all RIT duties

Battalion Chief/ Aide

- Arrives
- Assumes Command
- Evaluates Resources
- Establishes
Command post
- Evaluates exposure
problems
- Directs hose
positioning
- Coordinates Units
- Transmits
Progress reports
- Changes strategy
- Orders, records, and
transmits results of
primary and
secondary searches
- Declares fire under
control

Engine 3/4
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Tasks/Company

Gain/ Force Entry

Advance Line
- scan search fire room
- suppression

Deploy Back-up Line and
protect stairwell

Complete Primary Search
(in combo with Fire Attack)

Search Fire Floor

Search other Floors

Ventilation

- Horizontal
- Ventilation

Ground Laddering – 2nd story
windows, front and side, for
firefighter means of egress and for
vertical ventilation – 24’/28’ and
roof ladder in case of vertical vent.

Control Utilities

(Interior and exterior)

Conduct Secondary Search

- Search Fire Floors

- Search other Floors

Check for Fire Extension

Open ceiling walls near fire on fire
floor

Check floor above for fire
extension

- wall breech

- ceiling breech

Mechanical Ventilation

Engine 1/4

RB/LB
Officer – not on line
(if officer commits
then he must pass
command)

O/RB

Truck 1/4

O/RB

Officer and RB

-

Driver and LB

Driver /LB

Driver/LB
(control exterior)

O/RB
(control interior)

O/RB

D/LB

Battalion Chief/ Aide Engine 3/4

O/RB

D/LB
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Tasks/Company

Arrive on Scene

- Arrive/ stop at hydrant

- Position engine
______________

- Layout report

- On-scene report

- Locate Fire

- Conduct size-up – 360o

lap – incident action plan – offensive
– detail incident (situation report)

- Transmit size-up to responding units

- Transfer command to chief

Establish Supply line

- Hydrant-Drop line (wrap)

- Position engine

- Pump engaged

- 4” straight lay

- ----------------

- Supply attack engine (1 3/4”)

Position attack line

- Flake

- Charge

- Bleed

- Advance

Establish - 2 in – 2 out

(Initial RIT)

Company Protocols: Crew Size of 5
D/O/LB/RB/CB Total on scene = 22
PLUS 4 RIC – 1403 = total 26 needed

Engine 1/5

Driver

Officer
-

Driver

Driver

Driver

RB/Nozzle
LB/Flake
CB/ Control
---------------
Advance line for
fire attack
----------------
TheOfficer
responsibility is
to supervise hose
stretch /monitor
safety and
continually survey
the scene

Truck 1/5

-Arrive
- 360 degree
Size up.

Position Truck

D/LB

Engine 2/5

-Dry Lay – 2nd
engine takes
hydrant

Charged
hydrant –
Supply attack
engine

Driver

Battalion Chief/ Aide

- Arrives
- Assumes Command
- Evaluates Resources
- Establishes
Command post
- Evaluates exposure
problems
- Directs hose
positioning
- Coordinates Units
- Transmits
Progress reports
- Changes strategy
- Orders, records, and
transmits results of
primary and
secondary searches
- Declares fire under
control

Engine 3/4
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Tasks/Company

Establish RIT

(Dedicated)

Gain/ Force Entry

Advance Line
- scan search fire room
- suppression

Insures first line flowing water—

Deploy Back-up Line and protect
stairwell (1 ¾”)

Complete Primary Search
(in combo with Fire Attack)

Search Fire Floor –

Search other floors-

Ventilation (vent for fire or vent for life)
- Horizontal
- Vertical

Ground Laddering – 2nd story
windows, front and side, for
firefighter means of egress and for
vertical ventilation – 24’/28’ and roof
ladder in case of vertical vent.

Control Utilities after search, force
entry, venting and fire extinguished
(Interior and exterior)

Conduct Secondary Search

-Fire Floor

-Primary and secondary search of
entire floor above

Check for Fire Extension

Open ceiling walls near fire on fire
floor

Check floor above for fire
extension

wall breech

ceiling breech-

Mechanical Ventilation

Engine 1/5

RB/LB/CB
Officer – not on
line (if officer
commits then he
must pass
command)

O/RB

Truck 1/5

O/RB/CB

Officer and
RB/CB

Driver and LB

Driver /LB

Driver/LB
(control exterior)
O/RB/CB
(control interior)

D/LB

Engine 2/5
O/LB/RB—
advance by foot
to get to point
of entry –
performs all
RIT duties

Battalion Chief/ Aide Engine 3/5

O/RB/CB

D/LB

O/RB/CB

O/RB/CB
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Appendix F: All Regression Coefficients

Regression Models of Time to Task (in Seconds) as a Function of Crew Size and Stagger
(Standard Errors are in Parentheses underneath coefficients)
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All Regression Coefficients (CONTINUED)

Regression Models of Time to Task (in Seconds) as a Function of Crew Size and Stagger
(Standard Errors are in Parentheses underneath coefficients)
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Regression Models of Time to Task (in Seconds) as a Function of Combined Crew Size and
Stagger (Standard Errors appear in Parentheses)
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Regression Models of Time to Task (in Seconds) as a Function of Combined Crew Size and
Stagger (CONTINUED) (Standard Errors appear in Parentheses)
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The measurements of length, temperature, mass, moisture
content, smoke obscuration, and time taken in these
experiments have unique components of uncertainty that

must be evaluated in order to determine the fidelity of the data.
These components of uncertainty can be grouped into two
categories: Type A and Type B. Type A uncertainties are those
evaluated by statistical methods, such as calculating the standard
deviation of the mean of a set of measurements. Type B
uncertainties are based on scientific judgment using all available
and relevant information. Using relevant information, the upper
and lower limits of the expected value are estimated so that the
probability that the measurement falls within these limits is
essentially 100 %.After all the component uncertainties of a
measurement have been identified and evaluated it is necessary to
use them to compute the combined standard uncertainty using the
law of propagation of uncertainty (the “root sum of squares”).
Although this expresses the uncertainty of a given measurement, it
is more useful in a fire model validation exercise to define an
interval for which the measurement will fall within a certain level of
statistical confidence. This is known as the expanded uncertainty.
The current international practice is to multiply the combined
standard uncertainty by a factor of two (k=2), giving a confidence
of 95 %.
Length measurements of room dimensions, openings and
instrument locations were taken using a steel measuring tape with a
resolution of 0.02 in (0.5 mm). However, measurement error due to
uneven and unlevel surfaces results in an estimated uncertainty of ±
0.5 % for length measurements taken on the scale of room
dimensions. The estimated total expanded uncertainty for length
measurements is ± 1.0 %.
The standard uncertainty of the thermocouple wire itself is 1.1°C
or 0.4 % of the measured value, whichever is greater (Omega 2004).
The estimated total expanded uncertainty associated with type K
thermocouples is approximately ± 15 %. Previous work done at
NIST has shown that the uncertainty of the environment
surrounding thermocouples in a full-scale fire experiment has a
significantly greater uncertainty (Blevins 1999) than the
uncertainty inherent with thermocouple design. Furthermore,
while a vertical thermocouple array gives a good approximation of
the temperature gradient with respect to height, temperatures
cannot be expected to be uniform across a plane at any height
because of the dynamic environment in a compartment fire.
Inaccuracies of thermocouple measurements in a fire environment
can be caused by:

� Radiative heating or cooling of the thermocouple bead
� Soot deposition on the thermocouple bead which change its
mass, emissivity, and thermal conductivity

�Heat conduction along thermocouple wires
� Flow velocity over the thermocouple bead

To reduce these effects, particularly radiative heating and cooling,
thermocouples with smaller diameter beads were chosen. This is
particularly important for thermocouples below the interface
because the radiative transfer between the surrounding room
surfaces will be significantly less uniform than if the thermocouple
were in the hot gas layer. It is suggested in [Pitts] that it may be
possible to correct for radiative transfer given enough sufficient

knowledge about thermocouple properties and the environment.
However, measurements of local velocity and the radiative
environment were not taken. Additionally, the probes were located
away from the burn compartment walls in order to avoid the effects
of walls and corners.
The gas measurement instruments and sampling system used in
this series of experiments have been demonstrated to have an
expanded (k = 2) relative uncertainty of ± 1 % when compared
with span gas volume fractions (Matheson). Given the limited set of
sampling points in these experiments, an estimated uncertainty of
± 10 % is being applied to the results.
The potential for soot deposition on the face of the water-cooled
total heat flux gauges contributes significant uncertainty to the heat
flux measurements. Calibration of heat flux gauges was completed
at lower fluxes and then extrapolated to higher values and this
resulted in a higher uncertainty in the flux measurement.
Combining all of component uncertainties for total heat flux
resulted in a total expanded uncertainty of -24 % to +13 % for the
flux measurements.
Prior to experimentation, ten of the wooden pallets used in the
fuel packages were randomly selected for measurement. Two
measurements were taken, moisture content and mass.Moisture
content was measured using a pin-type moisture meter with a
moisture measurement range of 6 % to 40% and an accuracy of
<0.5 % of the measured value between 6 % and 12 %moisture
content.Mass measurements were made with an industrial bench
scale having a range of 0kg to 100 kg, a resolution of 0.1 kg and an
uncertainty of ± 0.1 kg.
All timing staff were equipped with the same model of digital
stopwatch with a resolution of 0.01 seconds and an uncertainty of ±
3 seconds per 24 hours; the uncertainty of the timing mechanism in
the stopwatches is small enough over the duration of an experiment
that it can be neglected. There are three components of uncertainty
when using people to time fire fighting tasks. First, timers may have
a bias depending on whether they record the time in anticipation
of, or reaction to an event. A second component exists because
multiple timers were used to record all tasks. The third component
is the mode of the stimulus to which the staff is reacting: audible
(firefighters announcing task updates over the radio) or visual
(timing staff sees a task start or stop).
Milestone events in these experiments were recorded both audibly
and visually. A test series described in theNIST Recommended
Practice Guide for Stopwatch and Timer Calibrations found the
reaction times for the two modes of stimulus to be approximately
the same, so this component can be neglected. Because of the lack
of knowledge regarding the mean bias of the timers, a rectangular
distribution was assumed and the worst case reaction time bias of
120 ms was used, giving a standard deviation of 69 ms. The
standard deviation of the reaction time was assumed to be the
worst case of 230 ms. The estimated total expanded uncertainty of
task times measured in these experiments is 240 ms.
An additional component of uncertainty exists for the time
measurement of the application of water on the fire. In order to
measure this time, timing staff were required to listen for radio
confirmation that suppressing water had been applied by the
interior attack crew. This process required a member of the interior
crew to find and manipulate their microphone, wait for the radio to
access a repeater, and transmit the message. Because of the lack of

APPENDIX G: Measurement Uncertainty



89

knowledge about the distributions of time it takes for each part of
this process, all parts are lumped into a single estimate of
uncertainty and a rectangular distribution is assumed. This is most
reasonably estimated to be 2.5 seconds with a standard deviation of
±2.89 seconds and an expanded uncertainty of ± 5.78 seconds.
Weather measurement uncertainty was referenced to the
published user’s manual for the instrumentation used. The weather
instrumentation has calibration certificates that are traceable to
NIST standards. A summary of experimental measurement
uncertainty is given in Table G-1.

Table G-1: Summary of Measurement Uncertainty
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APPENDIX H: Charts of Gas and Temperature Data
Examples of Gas and Temperature Data for Time-to-Task Tests
Burn Room Data
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Target Room Data
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Temperature Near Front Door (Couch )
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Gas and Temperature Data for Room and Contents Tests

Examples of Gas Data in Target Room
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Gas and Temperature Data for Room and Contents Tests

Examples of Gas Data in Target Room
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Temperatures in Burn Room



96

Temperatures in Target Room
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Temperatures Near Front Door (Couch)
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Survey: Dracut Fire - Employee Survey

Report: Default Report

Survey Status Respondent Statistics Points Summary 

Status: Closed
Deploy Date:

Closed Date:

Total Responses: 37
Completes: 37
Partials: 0

Max Attainable: 0 100% 
Highest: 0 0% 
Lowest: 0 0% 
Average: 0 0% 
Median: 0 0% 

 

 

1. My position with the Department is:

        Responses Percent

Firefighter: 20 54.05%

Fire Lieutenant: 9 24.32%

Fire Captain: 4 10.81%

Chief Fire Officer: 3 8.11%

Civilian Employee: 1 2.7%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

SurveyMethods.com Page 1



  
2. The facility where I work provides a clean and safe environment in which to deliver a professional level of service.

        Responses Percent

Strongly Agree: 5 13.51%

Agree: 8 21.62%

Neutral: 6 16.22%

Disagree: 13 35.14%

Strongly Disagree: 5 13.51%

Additional Comments: 20 54.05%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

2. The facility where I work provides a clean and safe environment in which to deliver a professional level of service.

Response Comments

1 Station #3, no vent for exhaust

2 Depends on the building 

3 No exhaust elimination system at 3- mold issues sta. 1 + 2

4 All stations: doors are open until 10:00pm on warm days. Lends itself to theft and safety risks. Station 3: Diesel fumes from truck 
lingers in the bay as a result of no plymo vents or exhaust filters;

5 Sta 3 the oldest station should be closed due to having no exhaust eliminating system. Members are breathing toxic fumes. when 
problems happen they should be addressed.

6 NO exhaust removal, no seperation of gear; lockers between apparatus (illegible)

7 The buildings are cleanfor what you can see but the dept still has not answered or fixed problems that were discovered by Mass Health 
and safety 8yrs ago. IE cleaning of air ducts, exhaust elimination

8 Clean but not safe. When our front line engine 3 went out of service we were told to drive engine 4 with significant tire wear. Tire was 
so bald that in the rain and sitting in the officers seat, I fe

9 Sta 3, the oldest manned station is nothing more than garage w/ a 280 sq ft room w/ 3 guy on some days. The bldg is not equipped for 
proper ventilation, drafty in the winter and the spare truck used y

10 stat #3

11 Mold on ceiling tiles, bay doors always open so anyone can walk in until 10pm in good weather

12 Sta 1 and 2 are good. Sta 3 living quarters are not up to par, requires more space for a 3 man apparatus and may need larger facilities 
for future expansion due to heavier call volume in that district

13 Spare trucks only work with Plymo at Sta 1, No Plymo at Sta 3. Truck maintenance is a joke to say the least, Sta 3 has heating issue to 
include CO in locker room

14 We the firefighters clean the facility

15 Station 3 doe snot have adequate exhaust removal system and 3 people are working in an area hardly big enough for 2.

16 Need for Plymo vent exhaust in all station

17 Diesel fumes get into the bunkroom.

18 Sta 1 has a bay w/o exhaust recovery. Sta 2 has no exhaust recovery in the lower level. Sta 3 has no exhaust recovery at all. The 
exhaust recovery systems that do exist are not compatible at the conne

19 Sta 3 is small and outdated, very tough to work with 3 people, pretty much on top of eachother, truck fumes are an issue.

20 Sta 3 is not clean and safe; Sta 2 is

SurveyMethods.com Page 2



  
3. My department is a well managed organization.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 5 13.51%

Neutral: 8 21.62%

Disagree: 11 29.73%

Strongly Disagree: 11 29.73%

Additional Comments: 15 40.54%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

3. My department is a well managed organization.

Response Comments

1 Intimidation

2 Not on same page, input not well taken/at all, micro-managing breeds incompetence

3 Chief subject to mood swings, uses bully tactics + threats of firing

4 Chief mismanages funds, I.e. winter 2015 we ran 2 members at each station. Then at the end of the fiscal year the chief had extra 
money that he needed to spend. It was expected that FF's worked the OT

5 Ineffective management. Chiefs, past + present have had no administrative leadership, management and most of all no people skills

6 Inconsistent, unlcear who has answers

7 The dept is managed poorly, financially, communications wise and micor managed by deputies and chief

8 Upper management micro-manages officers, captains should be able to run their shift however they deem necessary

9 Some individuals like to keep information to themselves or just looking out for themselves for promotions (Dep. R. Patterson, J. 
Kohanski)

10 The Chief doesn't know how to budget. We run short 1/2 year then Chief try to fill everything in the month of June putting guys on 4 to 
6 shift in a row

11 SOP's/SOG's were just reviewed or put in place for assessment. But there was no formal training on new protocols or open discussions 
with people that have to perform these duties. Management puts new 

12 Chief doesn't have management skills, financial or personel wise

13 Could be stronger

14 To much micro - managing

15 Examples- the budget as it goes to staffing/OT. In FY15 staffing levels were dropped to "minimum" staffing of 6 in suppression for 
several months. Even with heavy snow most shifts were left short. The
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4. There is a high level of mutual respect across all ranks within the department.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 3 8.11%

Neutral: 6 16.22%

Disagree: 14 37.84%

Strongly Disagree: 12 32.43%

Additional Comments: 17 45.95%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

4. There is a high level of mutual respect across all ranks within the department.

Response Comments

1 Input not received, insubordination/lack of respect for rank

2 Officers promoted under civil service think they are better than officers promoted before civil service

3 2 Acting Captains with little respect from any rank

4 Chief and senior Deputy are condescending, territorial and inflexible. They do not foster learning, team building or education. They do 
not welcome ideas or input from staff. Chief has had heated argu

5 There is no respect, none w/i the ranks due to the attitude of certain officers, continuously belittling, intimidating personnel. You lead 
by example, helping each other, not by beating people up

6 From top down no

7 There is disrespect among some as you know who are the special chosen ones are by the brass.

8 There is little respect going up and hardly any coming down from the top. Respect is a two way street and I think all employees need to 
work on it.

9 This place is a joke when it comes to seniority unless you are a deputy chief or higher. Bad mouthing of others is a constant occurance

10 Chief, Senior Deputy talk down to personnel. Rank doesn't matter.

11 Lieutenants and captains get micromanaged from chiefs.

12 They belittle you

13 Chief does not respect many, possibly any employees, other officers have respect issues and some firefighters don't respect officers, 
possible trickle down effect.

14 Condescending attitude from ranking officers does nothing for morale.

15 officers and chief officers pull rank too often

16 little respect in the ranks

17 While the chief demands respect going up the chain, it is non-existent going down. Frequently members are met with "are you the 
chief/deputy/capt" when trying to hold discussion or give input. "are yo
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5. I receive the support and encouragement from my department that I need to be successful.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 6 16.22%

Neutral: 10 27.03%

Disagree: 12 32.43%

Strongly Disagree: 6 16.22%

Additional Comments: 13 35.14%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

5. I receive the support and encouragement from my department that I need to be successful.

Response Comments

1 No mentor program, no officer development

2 Upper management (Chief, Sr. Dep) will berate personnel when they ask questions or ask for clarification. Some staff do not readily or 
openly share info that fosters learning. There is no grooming pro

3 Very poor morale! Personnel do not want to work OT, call back etc. due to continous arrogance of certain officers

4 Not without negative inflections when asking your support

5 As FF's I believe we do not receive support or encouragement from the Dept. As a probationary FF you are constantly made fun of, 
threatened to be fired, and questioned if you can pass the Fire Academy

6 The dept does not support personnel but rather brow bash younger personnel who try to do things right. And the dept does not 
recognize the small things personnel do.

7 After taking and passing the LT promotional civil service test, I was told I must have had a "lucky saturday". Implying that all the 
studying I had done didn't mean a thing. Just recently took the Ca 

8 Having a degree in fire related or EMS means nothing. You ask questions cause of being unfamiliar with a location or building, you get 
"you should know that!" by Kohanski

9 Senior Deputy always make comment about personnel doing it wrong with no support on fixing problem saying they should think but 
some cannot think on their own

10 Capt on my crew "doesn't give a fuck" in his words. No officer training at all. When I make suggestions for bettering Dept it is looked 
down upon, some upper level officers including the Chief view ag

11 Some support from some others not so much

12 Support and encouragement are all but non-existent.

13 in a lot of ways your expected to be successful on your own but at the same time looked down upon if you don't work together. 
Depends on the managements "mood" or goal for that 
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6. All department employees share in a common understanding of current goals and a vision of the future.

        Responses Percent

Strongly Agree: 1 2.7%

Agree: 8 21.62%

Neutral: 7 18.92%

Disagree: 18 48.65%

Strongly Disagree: 3 8.11%

Additional Comments: 14 37.84%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

6. All department employees share in a common understanding of current goals and a vision of the future.

Response Comments

1 old school vs. new school

2 Chiefs wants to look into an ambulance. Deputies don't. 

3 Goals are not discussed. The Chief is not receptive to others' ideas.

4 There is an enormous amount of talented individuals in this dept dedicated, hard working members who are just disgusted w/ the day 
to day operations of this dept.

5 Moral is to blame. Small group is in the know

6 FF's and officers share a common understanding of current goals and vision of the future, most are proactive. Upper level management 
voices their vision, but I feel they don't have a plan to put anyth

7 I do not think there is one common goal of this dept other than a new sta 3.

8 Yes we have a mission and vision statement for the dept but we are definitely not all on the same page.

9 Chief try to do more with less man power and some of us don't even know the plans for the future

10 Goals change all the time due to chief. No clear understanding of direction, chief sometimes tries to take on to many fights at one time.

11 Some do, Chief changes his mind on "goals and vision" too often for anyone to follow. 

12 Communication is an issue in this dept. 

13 The chief has implemented radical changes to our operations and run order. While he has talked about re-assigning personnel to 
create 3 person apparatus response in the month of Jan. he reassigned 1 m

14 everyone has their own "visions", a lot of conflict comes from this in different ways. 
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7. Expectations for the performance of department members are made clear to all employees.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 14 37.84%

Neutral: 9 24.32%

Disagree: 9 24.32%

Strongly Disagree: 3 8.11%

Additional Comments: 10 27.03%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

7. Expectations for the performance of department members are made clear to all employees.

Response Comments

1 Not all senior officers on same page

2 The members are dedicated but are just not happy with the current atmosphere

3 This is based more of our commitment than clear expectations

4 No the dept lacks SOG's. 

5 Negative. Only when you do something wrong, is it made clear.

6 Expectations change all the time. Different commanders require different ways.

7 See above. No officer training, rules and regs as well as SOP's and SOG's out of date adn there is only copies at sta 1

8 Communications is an issue in this dept. 

9 The CHief states frequently, as he had when he was a Capt, that we need a better chain of command as well as allow line officers to 
run the shift and let people do their jobs. Yet he continues to micr

10 your expected to do more with less, for example running 2 man engines, which is extremely dangerous, we feel like the town doesn't 
care or doesn't understand the danger
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8. The utilization of internal discipline for policy and rule violations are administered in a fair and consistent manner.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 6 16.22%

Neutral: 5 13.51%

Disagree: 13 35.14%

Strongly Disagree: 10 27.03%

Additional Comments: 15 40.54%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

8. The utilization of internal discipline for policy and rule violations are administered in a fair and consistent manner.

Response Comments

1 They have favorites

2 There are favorites and fall-guys

3 1 member forced to move back into Town, one not

4 Disgruntled employees are sent to outying stations rather than being dealt with at station 1 with the capt, deputies and chief

5 Discipline has always been unfair and selective. If a person complaints and goes against the brass they are reprimanded. Favorites can 
do as they please.

6 No one set process. We have had everything from counseling statements to a hearing/investigation by Dep. Police Chief

7 Internal discipline is not administered fairly. Current members on sick and disability leave are often criticized. A previous employee was 
put on house arrest while out sick, having to call the dept e

8 No they are not; depends on the person involved.

9 There is no consistency with discipline whatsoever. Employees have been banished to perform dispatch duties for years for discipline. 
Others were put on "house arrest" or paid leave pending a court ca

10 Definitely not the case, certain folks can live out of town, others get forced into town. A huge investigation was put into play with the 
deputy police chief, who has his own issues, when a FF was fou

11 Depends on personalities, deputy's treat similar events regarding failures or violations of policies differently. One person will not get in 
trouble and another will.

12 Depends on who you are!

13 Depends on the individual

14 Different roles for different people

15 Discipline is administer inconsistently. Chief has been known to go on a tantrum on unrelated subjects when a member of the union 
challenges him on an issue. While the rules and regs are currently und
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9. I receive adequate training to perform my duties as an employee of the department.

        Responses Percent

Strongly Agree: 6 16.22%

Agree: 15 40.54%

Neutral: 7 18.92%

Disagree: 8 21.62%

Strongly Disagree: 1 2.7%

Additional Comments: 11 29.73%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

9. I receive adequate training to perform my duties as an employee of the department.

Response Comments

1 out-dated training, excessive non-pertinent training, difficult to conduct own training

2 Basic daily drills

3 Training is improving but a lot including RIT training is repetitive. there are many new members that need to know streets, hydrants, 
panels, utility shut offs, access to buildings etc.

4 Same repetative annual training and not enough updated skills 

5 As a dept we do receive a lot of training; I believe a lot of the drills and training exercises are outdated, use old equipment or do not 
pertain to our dept. There is also no uniformity in training. 

6 No training lacks funding IE: foam is too expensive to drill with

7 I do receive training on a daily basis, however year after year it's all the same training and videos. Also, depending on the Officer 
performing the training, evolution's may be done differently leadi

8 Dept. does train on a consistent basis but can be problematic with consent change as far as sog's. Dept does not train as we actually 
run and can be unrealistic. Drills during summertime can be to muc

9 EMS training is adequate, firefighting training is ok, rescue training is sub par, officer training program non existent.

10 Frequently training is by "u-tube" videos. Some training is repeated annually, namely RIT, has been a hot topic. While this is important 
and valuable skill, it takes weeks and weeks of the training sc

11 Sometimes inconsistent, not enough basics, too much hig end rescue etc.
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10. Internal training opportunities are distributed on a fair and equitable basis.

        Responses Percent

Strongly Agree: 4 10.81%

Agree: 17 45.95%

Neutral: 8 21.62%

Disagree: 7 18.92%

Strongly Disagree: 1 2.7%

Additional Comments: 8 21.62%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

10. Internal training opportunities are distributed on a fair and equitable basis.

Response Comments

1 not sure I understand

2 Due to limited staffing, EMD training is inadequate. The dept is not doing it correctly (e.g. Q & A)

3 A designated training officer should be in place and all units should follow the same standards. when officers disagree they should be 
dealt with accordingly

4 New training Deputy is doing a better job of this. 

5 Emd class alway fall short. Not trained properly

6 Deputy Chief's got trained on equipt and don't teach lower ranks leaves gaps in how certain eqpt operates. Dept does not conduct any 
mentoring of employees.

7 Internal training is scheduled on every crew, but mandatory training for things like EMD is only offered as a bare minimum and if you 
have a scheduled vacation during that class you are out of luck. 

8 Internal training as it goes to the "daily drill" is fair and equitable. Very little financial backing is given to the area. Thus training by U-
tube. The contract with the local EMS provider is part o
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11. External training opportunities are distributed on a fair and equitable basis.

        Responses Percent

Strongly Agree: 5 13.51%

Agree: 9 24.32%

Neutral: 11 29.73%

Disagree: 8 21.62%

Strongly Disagree: 4 10.81%

Additional Comments: 13 35.14%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

11. External training opportunities are distributed on a fair and equitable basis.

Response Comments

1 For those that seek such training, many do not

2 Hand picked, not even offered to all 

3 Favoritism

4 The opportunities are not available to the entire staff. Chief selects who will go. There is no protocol in place.

5 Again, training is important, but should be beneficial + not punishing. Doing RIT training in 900 degree weather for a month in the 
summer is abusive.

6 Not many given. These are more self obtained. 

7 External training opportunities are available, but not posted or brought to the dept's attention as it should.

8 No again lack of funding and chosen personnel by chief

9 If we had a consistent training officer, academy classes could be posted and guys would be aware of upcoming classes. There have 
been individuals that were offered specific courses (fire inspector, CP

10 These are generally not distributed it's up to individuals to seek knowledge

11 Certain individuals are provided the opportunity to take classes on the Dept dime or on duty. Mostly Deputies and Chief.

12 External training is not financially backed. Thus few seek it out. No time off, no OT and any fees are out of pocket. Chief is known to 
seek out the same members for special academy training thus givi

13 None
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12. I believe that the department should provide additional non fire related training in areas such as technology, personnel 
management, health and employee wellness. 

        Responses Percent

Strongly Agree: 16 44.44%

Agree: 15 41.67%

Neutral: 3 8.33%

Disagree: 2 5.56%

Strongly Disagree: 0 0%

  Total Responded to this question: 36 97.3%

  Total who skipped this question: 1 2.7%

  Total: 37 100%
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13. I receive personal and professional satisfaction from my job with the department.

        Responses Percent

Strongly Agree: 15 40.54%

Agree: 12 32.43%

Neutral: 6 16.22%

Disagree: 4 10.81%

Strongly Disagree: 0 0%

Additional Comments: 12 32.43%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

13. I receive personal and professional satisfaction from my job with the department.

Response Comments

1 I love helping people

2 On my own doing, self- motivated

3 Did not apply for promotion- officers treated poorly

4 I am satisfied when working with the community and helping others. I receive little professional satisfaction when working with upper 
management. 

5 I love my job, it is by far the best job in the world, most of the members are great it just that handful that have a superiority complex 
that destroy the morale every single day with their actions.

6 Love of the job. 

7 I did but the uphill battle to stay positive here makes you feel less professional

8 I love my job as a FF, just disappointed in the Towns support.

9 I love helping people but working in Dracut has proved disillusional

10 I receive personal satisfaction performing my duties. I think professionally the Dept is far behind due to leadership.

11 As most all FF's I love my job. People don't take this job for the money or the benefits as we know. The satisfaction of helping people in 
their time of need is rewarding and satisfying. I can't say t

12 I'm always proud to tell people what I do for a living!
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14. I receive timely feedback from my supervisors.

        Responses Percent

Strongly Agree: 4 10.81%

Agree: 10 27.03%

Neutral: 6 16.22%

Disagree: 13 35.14%

Strongly Disagree: 4 10.81%

Additional Comments: 14 37.84%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

14. I receive timely feedback from my supervisors.

Response Comments

1 Only negative feedback

2 Depends if it is something they want to talk about

3 If an officer doesn't seem to think it's a issue/problem it's not addressed.

4 Not without repeated request

5 No not unless it concerns them directly

6 I hardly receive any feedback from my supervisors. On multiple occasions I have saved a civilian adn it went unnoticed or 
acknowledged. A "good job" goes a long way. 

7 With the Lt or Capts ask a question like, what was fixed on the truck you get "I don't know". Why!

8 Issues when the trucks. It may take a few weeks then Senior Deputy says are you a mechanic

9 Depends on situtations and events

10 I don't receive feedback unless I push for it then I get attitude.

11 From some not others

12 Feedback is usually only negative

13 Feedback, when offered, is 95% negative and offered in a hostile, cambative manor. As I have been told, and I quote from the chief; 
"This is an ass chewing, not a discussion, you may think we live in 

14 But even if you do something perfect some supervisors always find negative or not up to par comments to say, not all do though
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15. Do you receive an annual personnel evaluation?  If yes, is this process timely, useful and meaningful.  

        Responses Percent

Yes: 0 0%

No: 36 100%

Additional Comments: 5 13.89%

  Total Responded to this question: 36 97.3%

  Total who skipped this question: 1 2.7%

  Total: 37 100%

15. Do you receive an annual personnel evaluation?  If yes, is this process timely, useful and meaningful.  

Response Comments

1 Union Employee

2 prohibited by CBA

3 Wish we did, informal

4 I do my job with pride and integrity and should not have to be evaluated. The certain officers who bash people should be evaluated. 

5 We have been told of them but have not had one
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16. Does the department provide incident command (ICS) training to all members on an annual basis? 

        Responses Percent

Yes: 16 43.24%

No: 21 56.76%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%
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17. The National Incident Management System (ICS) is utilized at every incident? 

        Responses Percent

Strongly Agree: 5 13.51%

Agree: 11 29.73%

Neutral: 8 21.62%

Disagree: 13 35.14%

Strongly Disagree: 0 0%

Additional Comments: 9 24.32%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

17. The National Incident Management System (ICS) is utilized at every incident? 

Response Comments

1 Every incident is different. The Chief freelances

2 Free for all, not on same page

3 ICS is utlilized during the day but it's modified at night. No deputy on duty at night.

4 Most of the time?

5 Depends on OIC

6 There is a command presence but the passing of command from first arriving officer to the Deputy is not done correctly. First arriving 
officer maintains command until some sort of update is relayed. D

7 Chief officers attempt to impliment ICS but don't follow it themselves. They don't seem to understand passing of command.

8 No Deputy Chief at night shifts

9 Under staffing makes that very difficult if not impossible
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18. The leadership team (Chief and Deputies) are strong advocates for the needs of the Department. 

        Responses Percent

Strongly Agree: 4 10.81%

Agree: 7 18.92%

Neutral: 10 27.03%

Disagree: 10 27.03%

Strongly Disagree: 6 16.22%

Additional Comments: 8 21.62%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

18. The leadership team (Chief and Deputies) are strong advocates for the needs of the Department. 

Response Comments

1 Leadership will not listen to members/dept. of what needs are actually are. Snowblowers over compressor repair, buy paint for doors 
but H.U.D. doesn't work

2 New car 1 for chief, no exhaust system at 3, living conditions substandard at station 3

3 Manpower vs funding! They advocate for needs with no results.

4 Agenda's seem to dictate perceived needs. 

5 Absolutely not! The health of FF's: random physical test, exhaust in Sta 3, cramming 3 guys in one station. Mold in ceiling. Tires 
reported unsafe or bald, they say their fine or they get moved to 

6 Chief has idea but has awful people skills. Not good for Dep Patterson is too political and seems to only advocate for the Dept when he 
will gain. Patterson and Chief don't respect Dep. Mackey.

7 One deputy seems to have his own agenda. The Chief has done some great things for the dept but lacks helping needs for individuals

8 Inconsistent not always unified
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19. Department employees are treated fairly and equitably when it comes to shift assignments and specialty positions.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 6 16.22%

Neutral: 6 16.22%

Disagree: 14 37.84%

Strongly Disagree: 9 24.32%

Additional Comments: 12 32.43%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

19. Department employees are treated fairly and equitably when it comes to shift assignments and specialty positions.

Response Comments

1 Chief is always moving us to different stations when he wants. 

2 Chief re-assigns people as he sees fit. move stations yearly

3 Confrontational employees are shipped out to outlying stations. Acting positions are filled with the Chief's friends. 

4 Chief has the power of assignments, but people with less than 3 -5 years on the job should not be in outlying stations. You need to 
learn the job first.

5 Assignments are used negatively in many cases if individuals are not liked by OIC

6 The Chief has threatened to demote new officers with in their probationary period if they do not "straighten out the crew". Also 
threatens to shift new members around on different crews because he can

7 No the chief likes it when units don't get along

8 Shift assignments just most recently got re-assigned by the Chief despite what the Captains wanted to do with their own crew. 
Captains know the strength and weaknesses among their members and would be

9 Seniority should get more benefits

10 Specialty positions go to certain individuals. Shifts are set fine, station assignments have no regard for seniority.

11 There is no seniority

12 While the Chief was a strong advocate of seniorityas well as allowing capt's to run the shift, he has consistently goen against this, 
making assignments and re-assignments w/o consultation. Chief also
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20. I have witnessed acts of discrimination based upon race, sex, age, ethnic origins, or sexual orientation from department 
employees toward members of the public.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 4 10.81%

Neutral: 6 16.22%

Disagree: 9 24.32%

Strongly Disagree: 15 40.54%

Additional Comments: 7 18.92%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

20. I have witnessed acts of discrimination based upon race, sex, age, ethnic origins, or sexual orientation from department employees toward 
members of the public.

Response Comments

1 Seen Chief do this, not other members

2 Members of the dept. treat the public fairly and with respect.

3 I personally am not happy with the way I, or my or my fellow members have been respected over the years and this should be 
addressed sooner of later. 

4 Chief of Dept. is one of the biggest offenders making racial references constantly and ethic related negative comments

5 Chief has been known to call the President of the US a "nigger".

6 Both the Chief and one of the Deputy's will make adverse comments about members of the public. The Chief is not shy about sharing 
political views, often with vulgar, discriminatory and offensive langu

7 once, but the individual has retired
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21. The vehicle fleet of the department is well maintained and provides safety for personnel and a strong operational platform. 

        Responses Percent

Strongly Agree: 6 16.22%

Agree: 7 18.92%

Neutral: 8 21.62%

Disagree: 7 18.92%

Strongly Disagree: 9 24.32%

Additional Comments: 18 48.65%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

21. The vehicle fleet of the department is well maintained and provides safety for personnel and a strong operational platform. 

Response Comments

1 Some items are overlooked at times. Ex. tires

2 Mismanagement of budget. Brand new vehicles for leadership team, while driving on bald tires, no compressor, faulty brakes

3 Safety repairs based on availability of mechanic time, not degree of danger

4 Maintenance does not always happen in a timely manner.

5 When trucks/engines have ssafety issues they should be taken out of service until repaired. Bald tires, air leaks etc. Vehicles should be 
inspected by State Police. 

6 We have ran with bald tires, non working pump on previous eng's for a year even after failure at a fire on 7/10/14

7 Repairs such as tires, drivers seats, front end work have been ignored. Officers were told to have the drivers drive slower in bad road 
conditions because of bald tires. Most equipment that is taken o

8 No the fleet repairs are only done when the DPW has time or the personnel strongly complains. The use cheap fix's as recap tires on 
emergency vehicles and aging tools instead of replacing them

9 Engines that go out of service for maintenance or repairs come back from maintenance adn we are never told what was fixed. The front 
tires on Eng 4 were extremely worn down adn noticeable loss of trac

10 Absolutely bullshit. The "new" Eng 3 is in for repairs more than it's been on the road. Tires, exhaust, optican light being unservicable. 
On other vehicles are an issue.

11 Tires are always an issue

12 We have difficulty getting front tires for emergency apparatus. Command will ignore serious requests from junior members regarding 
equipt failure or needing repairs. Deputy's do not communicate all fl

13 We have been verbally ordered to drive trucks with bald tires. When problems get fixed it is often done in a half assed manner. 

14 The runnin gof bald tires on frontline apparatus isn't addressed in a timely manner. Back up air compressor in trucks out of service for 
months.

15 Backup fleet needs to be updated for health reasons

16 Tires are a huge and ongoing issue on aparatus. A side wall rear time "cut" was notice on Eng 1 while a private vendor was in doing a 
driver training class. Vendor stated the tire was unacceptable and

17 Some are, some aren't, but I don't think it's the dept's fault, again we "the fire dept" are expected to do more with less.

18 with the money the dept has
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22. The Policies and Procedures as well as the Rules and Regulations of the department provide clear guidance for 
performance to all employees.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 5 13.51%

Neutral: 7 18.92%

Disagree: 16 43.24%

Strongly Disagree: 6 16.22%

Additional Comments: 16 43.24%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

22. The Policies and Procedures as well as the Rules and Regulations of the department provide clear guidance for performance to all 
employees.

Response Comments

1 W're working on them due to assessment coming

2 CBA, rules + regs, SOP's all open now due to assessment. Run card changed as well

3 Rules, regulations and certain SOG's need to be updated. This has not happened w/i the past 3 years. Since the Dracut Police audit the 
Chief has begun to implement new SOG's and update rules and regs

4 And should be follow by all personnel. This is Union Dept with a CBA, ratified by the Town and Union and should be complied by all 
members in good standing

5 They are extremely out dated adn hav ebeen put under review as of Jan 2016 for the first time since 1999.

6 The rules and regulations are outdated, not having been revised since the 1980's. 

7 No the chief rules under the gray areas and has personnel doing repairs to endanger or fatigue us. IE: shoveling snow off station 
roofs, repairing slop sink drains, snow raking the elderly housing bui

8 Until last 3 months policies and procedures and rules/regs haven't been touched since 80's

9 Considering they are only being updated and revamped because of this survey. 

10 Rules and reg are old need to be updated

11 They are out dated and Chief picks and chooses wha to enforce.

12 very unclear

13 They are being reviewed. Outdated

14 SOG's and SOP's are weak, disorganized, out dated, and much that exists allows for too much interpretation. They also freely allow for 
the 4 capts to make adjustments as they see fit. Thus between the

15 SOG's are outdated and only now being looked at because of this assessment.

16 SOG's and SOP's are sometimes outdated. I believe new SOG's are currently being developed. 
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23. I believe that the department's internal communications (orders, directives, memos, emails and newsletters) are adequate. 

        Responses Percent

Strongly Agree: 1 2.7%

Agree: 5 13.51%

Neutral: 7 18.92%

Disagree: 17 45.95%

Strongly Disagree: 7 18.92%

Additional Comments: 14 37.84%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

23. I believe that the department's internal communications (orders, directives, memos, emails and newsletters) are adequate. 

Response Comments

1 Everyone not on same page

2 Memo's left on tanle with no explanation

3 Info is not forthcoming. Since the Dracut police audit, email was implemented. However I have not received any info or memos via 
email.

4 Favorites, some people know what's going on, some don't. No unity! When officers and management fail to communicate it's a domino 
effect.

5 Many times communications are verbal or followed by memos after the fact with no normal review

6 Our internal communications are not adequate. It's 2016 and members just received dept email.

7 No they very seldom come out signed or posted unless it something to do with of importants. They like controversy.

8 No standards are set, memos are pieced mailed togther. 

9 We just got an email for all of us, but before to find anything out you had to be in the inner circle

10 Chief puts out memo's for everything. Instead of saying changes have been made to ops-001 of sop/sog he just makes up new rules. 

11 Most are delivered as punitive measures or knee jerk reactions from the chief.

12 Communications are unclear sometimes

13 Lack communication

14 Take a look at the bulletin boards and tables around the 3 stations. Email although we are told has been in place for years has just 
been given to us with passwords and instructions. I have yet to rec
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24. Promotions within the department are made fairly.

        Responses Percent

Strongly Agree: 7 19.44%

Agree: 12 33.33%

Neutral: 10 27.78%

Disagree: 6 16.67%

Strongly Disagree: 1 2.78%

Additional Comments: 15 41.67%

  Total Responded to this question: 36 97.3%

  Total who skipped this question: 1 2.7%

  Total: 37 100%

24. Promotions within the department are made fairly.

Response Comments

1 Assessment Center for all promotions

2 People who pass the tests are generally promoted to those positions. However, if no one passes the test and a rank needs to be filled 
the chief hires a friend from the dept who didn't necesarily take 

3 All promotions prior to civil service status were at the will of the chief. some officers have no academy training, no exams, personality 
promotions. Civil service exams are now in place and certain i

4 Civil service prevents many attempts by Chief to bend rules if no civil service the process would be very polluted

5 Promotions using civil service tests are done fairly. The chief wants to use assessment centers and other ways so he can manipulate 
who he wants to be promoted.

6 Yes so far with this chief

7 Promotions are made fairly under the current civil service practices. Chief has tried to circumvent that and find a loophole to promote 
who he wants by performing an assessment (which has never been d

8 Let's put guys in charge that "don't even want it" or bother taking a promotional exam but have no problem receiving the pay or 
getting their 3 highest years in a position of greater responsibility. T

9 Acting position are given to Chief Buddys not the personnel that takes the test are offered the position

10 Civil Service exam promotions have been good. Chief wants to move to evaluation centers because people he wants to promote can't 
pass them.

11 Chief promotes topscore down everytime

12 Thus far permanent promotions are made from civil service lists and have followed procedures in same. Provisional and temporary 
promotions are not as tightly regulated and the chief has tended to use 

13 as long as civil service is still used for promotions

14 Civil Service= no good ole boy network

15 Department abides by civil service. 
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25. I have felt threatened or intimidated by co-workers or supervisors:

        Responses Percent

Never (0 Points): 14 37.84%

Occasionally (0 Points): 16 43.24%

Often (0 Points): 7 18.92%

Additional Comments: 15 40.54%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

Points Summary:

Highest: 0 Lowest: 0 Average: 0 Median: 0

25. I have felt threatened or intimidated by co-workers or supervisors:

Response Comments

1 Some of the Chief's comments could be intimidating

2 Chief

3 Chief

4 Feared the chief upon his return from deployment based on comments made

5 Often times employees feel like they are "walking on egg shells" depending on what kind of mood the chief is in on any paticular day. 

6 People need to work together, this is for certain officers who belittle, cut down and abuse brother FF's over differences. should grow 
up. 

7 Current CHief, when he was a Capt. he was a tyrant and main objective was to "break" new guys. As Chief he constantly reminds 
new hires they can be fired.

8 I have often felt threatened by the chief. He threatened to fire me while I was at the academy because of my body size. Chief stated 
his plan to take down the fire dept, starting in dispatch to take o

9 Yes, the chief rules by threats and bullying

10 By the Chief- feel like we are always walking on eggshells arounf the Chief. On more than one occasion the chief has explained in 
detail how he would "take us all out". One selectmen was made aware 

11 Chief of Dept

12 Chief has threatened to make us miserable based on outcome of this evaluation for starters.

13 Particular by the Chief.

14 The Chief has made comments at times that were down right insulting, so much so that i have kept records of them.

15 Chief has issues with anger
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26. I have witnessed or been the victim of harassment from members of my department based upon gender, race, age, ethnic 
origins, or sexual orientation.

        Responses Percent

Strongly Agree: 8 22.22%

Agree: 4 11.11%

Neutral: 5 13.89%

Disagree: 10 27.78%

Strongly Disagree: 9 25%

Additional Comments: 7 19.44%

  Total Responded to this question: 36 97.3%

  Total who skipped this question: 1 2.7%

  Total: 37 100%

26. I have witnessed or been the victim of harassment from members of my department based upon gender, race, age, ethnic origins, or sexual 
orientation.

Response Comments

1 Again, the chief has made comments to a portuguese decent employee as a spanish thief (repeatedly) as well as a gay member 
orientation is always a joke to him. 

2 Chief has stated his "plan" to take out the FD starting with dispatch and elimintaing communications. Then he would proceed to bunk 
room while members are sleeping. Have also heard intimidating commen

3 Addressing individuals that are hispanic when they are Portuguese being afraid addressing a female of her actions because your 
nervous of repercussions or something will be said. 

4 Chief has made comments about our female member "filling his quotas" and she has also been able to slide by with inadequate 
training. She has also been allowed liberies that others did not receive due

5 Chief frequently will talk politics and current affairs in inappropriate and offensive terms. Of President Obama during the 1st campaign 
"If that Super Spook gets elected I will resign from the milita

6 witnessed: orientation and age

7 Never
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27. The radio communications system of the department is reliable.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 7 18.92%

Neutral: 8 21.62%

Disagree: 14 37.84%

Strongly Disagree: 6 16.22%

Additional Comments: 15 40.54%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

27. The radio communications system of the department is reliable.

Response Comments

1 in process of system upgrade

2 Too many dead spots to list, can't hear across town other apparatus

3 The communication system needs to be updated

4 Radio/dispatching is one of the most important parts of this job. Reception is poor in some sections of town and should be address. 
Moving dispatching to a town 10 miles away is a step backwards.

5 Anything outside district #1 is questionable especially portal TX & RX

6 The radio communications system is unreliable. Many parts of town have problems with sending and receiving radio transmissions. 
During any type of weather condition communications suffer.

7 No there are still dead spots in town. But much better than the past

8 Radio communications in certain areas and buildings within the town are completely unreadable. Repeaters in the vehicles could take 
care of most if not all of these problem areas.

9 My kids walkie-talkies work better than this. Radios (handhelds) are hand me downs from other depts. Cell phones are affecting our 
base radio's traffic. Trucks in town, driving by, come over our house

10 They are getting better.

11 Recent upgrades seem to have made radio communications worse. A new manufacture has been selected for portable radios. This 
decision was made in a void by Dep Patterson w/ the Chief. It was stated to 

12 Look at Police's radio room and then look at ours then you tell me how "reliable" ours is.

13 much improved over the years

14 Some of the technology is outdated but I have few problems with reliability

15 Could be better
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28. The salary and benefit package enjoyed by employees of the department is fair and adequate.

        Responses Percent

Strongly Agree: 1 2.78%

Agree: 8 22.22%

Neutral: 9 25%

Disagree: 15 41.67%

Strongly Disagree: 3 8.33%

Additional Comments: 15 41.67%

  Total Responded to this question: 36 97.3%

  Total who skipped this question: 1 2.7%

  Total: 37 100%

28. The salary and benefit package enjoyed by employees of the department is fair and adequate.

Response Comments

1 Depends what I'm baseing it on. 

2 Package is below neighboring departments

3 Not equal to nearby communities of similar size. 

4 Town has never given the FF's a decent salary/benefit package. Always a revenue problem, sad thing is the guys have always been 
there to answer the call. raise or no raise.

5 Town mismanagement of former ins. funds pushed us to GIC

6 Compared to town departments and other municipalities we are severly under paid. The healthcare benefits are unacceptable with 
being forced to be in the GIC.

7 No with rising cost of insurance and inflation our raises do not keep up

8 The salary, in comparison to other municipalities of same size and population, is significantly lower. Most guys need to have multiple 
jobs to survive. Also the GIC insurance we carry now is costing m

9 The salary for a full time FF at the highest step only makes around 55k with little to no OT. Makes having a PT job necessary. 

10 Our pay is not equal to the city and towns around us

11 We got hit on health care benefits when we got pushed into GIC. Our health care and retirement is under attack by public. GIC health 
care goes into same pot of money used for people on mass health but

12 underfunded

13 Our salary compared to our neighbors and other like communities in MA is low.

14 I'm required to live in town but struggle to do so on the pay. I have to have a 2nd/3rd job to provide for my family, we were also forced 
to change health care.

15 improvements in recent years but we lag behind other FD's and industry
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29. The department is keeping up with the technological advances necessary to provide a modern professional level of service 
to the public.

        Responses Percent

Strongly Agree: 0 0%

Agree: 2 5.41%

Neutral: 10 27.03%

Disagree: 15 40.54%

Strongly Disagree: 10 27.03%

Additional Comments: 18 48.65%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

29. The department is keeping up with the technological advances necessary to provide a modern professional level of service to the public.

Response Comments

1 We locate residents address via word document, relayed over unreliable radio

2 Trying to when they have the money

3 I have GPS in my phone, not the engine

4 There are no ipads, computers on trucks. A cell phone was implemented 2/2016 on engine 1. However engine 2 + 3 have no 
technology. Inservice inspections are completed throughout the town. However, inf

5 Advances in public safety cost money, this dept is operated by dedicated members who do there best, with what they have to work 
with. The chief can't do his job without funding!

6 Slowly

7 The dept is always having computer problems; radios are not up to date as well as notification equipment. Most equipment we use are 
hand me downs from other town depts. Dispatch phones do not have cal

8 No they are way behind in the times

9 The dept does very little tech advances. Computers freeze up all the time and unable to do reports on numerous occasions. Computer 
systems are usually hand me downs from other depts getting upgrades. 

10 Radio's, GPS, computer (tablets) of homes or businesses in town would greatly enhance our professional level

11 Outdated computer, programs

12 We need tablets, gps for mutual aid, digital files for hydrants, municipal water systems and building lay outs. Buildings need to identify 
exits, alarm panels and specific info relevant to Fire Dept

13 We are far behind on technology. 

14 Some radios and tech are out of date. 

15 Totally outdated

16 We have no technology for GPS or computers on the apparatus. Vital info is in a LARGE 3 ring binder in each truck. No 2 are actually the 
same. No master exists. Organization is at our best attempt and

17 We use scrap paper and donated equipment in dispatch, its dangerous to only have one dispatcher and they are forced to be in that 
room for 24 hours, only recently they were allowed to take a short nap

18 Needs more money
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30. The administration of the department provides fair and equal treatment to all employees.

        Responses Percent

Strongly Agree: 5 13.51%

Agree: 5 13.51%

Neutral: 8 21.62%

Disagree: 12 32.43%

Strongly Disagree: 7 18.92%

Additional Comments: 16 43.24%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

30. The administration of the department provides fair and equal treatment to all employees.

Response Comments

1 Favorites and fall guys

2 Chief only other management is very fair and equal treatment given

3 Favorites, also chief punichses any who question his authority

4 Those who are confrontational are sent to outlying stations. Elected union officials are often ostracized by upper management

5 Pick and choose primadonna's. some people walk on water! Some people have targets on there back. Discrimination at it's best. 
Simple! Play by the rules. Play fair!

6 Admin aka secretary is excellent

7 Employees are not treated fairly. Every employee is treated differently based on who you are and who you know.

8 No they have favorites

9 The administration does not provide fair and equal treatment to employees. Dpending on who you are, who you know or who your 
family is or was with the FD has a big impact on how you're treated.

10 Refer to question 8

11 The personnel that are confrontational are placed in a sub station and the personnel that are not are place at main station 1

12 Depends who the person is

13 Chief has favorites.

14 Admin does very well 

15 if you stand up for yourself yes, if not no

16 What one may do and go "unnoticed" another could be called on the carpet for at any time and for any cause.
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31. Considering that leaders often make difficult decisions, rate the level of trust that you have in the command staff. 

        Responses Percent

High: 1 2.86%

Above Average: 5 14.29%

Average: 21 60%

Below Average: 5 14.29%

Poor: 3 8.57%

  Total Responded to this question: 35 94.59%

  Total who skipped this question: 2 5.41%

  Total: 37 100%
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32. The department has adequate equipment to complete its duties.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 13 35.14%

Neutral: 12 32.43%

Disagree: 8 21.62%

Strongly Disagree: 1 2.7%

Additional Comments: 15 40.54%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

32. The department has adequate equipment to complete its duties.

Response Comments

1 Could use newer equipment

2 Disagree, but can be fixed with budget management, spending

3 Broken jaws, back-up engines in bad shape, boats not for rescue, only saws on ladder 1 which doesn't respond

4 in need of technology

5 Newest engine 7 yrs old, 48k miles adn engines 17 yrs old 130k miles + ladder 18 yrs old 36k miles. Should order one new engine 
every 5 yrs. Again it's a funding issue. No money?

6 Aging

7 We do have adequate equipment but some could be updated such as a new jaws of life. Outfitting the back up apparatus would be 
helpful. A lot of the members PPE is outdated.

8 Not in all aspects; a lot of old and aging equipment, no plan on replacing aging things like gear and CGI meters unless they get grants 
or are forced to by equipment failure

9 Back up apparatus should be outfitted with all necessary equipment so moving equipment from one piece to another doesn't have to 
happen. Tools get misplaced in the shuffling of equipment.

10 Need more and new jaws of life. A lot of equipt is outdated and not useful. Some things take up space in front line apparatuses and 
limit equipt for emergency situations. Other items that are out date

11 Some equipment is dated, man power is the big issue.

12 Some outdated tools/no technology

13 Apparatus replacement is funded through a capital account. Frequently this account is underfunded. Apparatus have not been replaecd 
in the year scheduled. Usually 2 -3 years later. The replacement sch

14 We are starting to improve equipment, not sure how much of that is because of the town though.

15 money thing again
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33. 

The Town is a good employer. 

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 18 48.65%

Neutral: 9 24.32%

Disagree: 6 16.22%

Strongly Disagree: 2 5.41%

Additional Comments: 7 18.92%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

33. 

The Town is a good employer. 

Response Comments

1 Still waiting on contract

2 Always stating no money

3 Life long residence, great town, good people, poor planning, no revenue, always running on a shoe string. I'm not leaving!

4 Improving, new offerings are refreshing and more (illegible)

5 I believe the Town offices are not aware of the struggles and problems with the FD.

6 Yes but the town could be better with more over site of depts adn their operations. The dept heads don't always be held accountable

7 Town has historically cut the fire dept.

SurveyMethods.com Page 33



  
34. The administration of the department welcomes suggestions and input.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 7 18.92%

Neutral: 14 37.84%

Disagree: 10 27.03%

Strongly Disagree: 4 10.81%

Additional Comments: 13 35.14%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

34. The administration of the department welcomes suggestions and input.

Response Comments

1 They feel as if it's challenging their authority or pretends to never hearing input after the fact

2 Threatened by suggested change

3 The Chief is not receptive to ideas that differ from his. He often belittles those who voice their ideas in front of others.

4 They listen to some people and ignore others, I am not a negative person, it's just not a positive atmosphere.

5 Chief and FP Deputy often push back & not initially receptive to change

6 Anytime an employee makes a suggestion to supervisors (chief, DC's) we are criticized for our ideas. The dept needs change.

7 Yes if it makes them look good

8 The administration has a hard time with suggestions and input.A lot of guys don't speak up because of the anticipated reaction and 
others are yelled at or rdiculed for their suggestions.

9 Admin states they welcome suggestions but only for certain individuals.

10 When giving suggestions or input you are treated as if you are questioning their authority.

11 Depends on who you are

12 While the Chief likes to state that he welcomes suggestions and input this is not always or completely true. It depends on who is 
making the suggestion. It depends on the mood of the chief at the time

13 depends on who suggests them (at times)
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35. The administration of the department  recognizes my service to the agency.

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 16 43.24%

Neutral: 10 27.03%

Disagree: 5 13.51%

Strongly Disagree: 4 10.81%

Additional Comments: 7 18.92%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

35. The administration of the department  recognizes my service to the agency.

Response Comments

1 I consider myself a dedicated FF and it's a honor and privledge to serve this town. I would hope they appreciate my service. 

2 Not reviewed or feedback offered

3 No matter how much work you do its never enough. You either work too much or not enough. There is no happy medium. Morale is low. 
What is a sufficient amount of OT?

4 They say they do, but that's only if you have a good call or save. They forget about the everyday things you do for the dept

5 Only recognizes my service when they want to. I feel like we are always under a microscope. If you work too much OT your labeled a 
scab, if you don't work enough your questioned about it (why didn't y

6 I have yet to be sworn in as Lt. and it has been over a year, that's just one example.

7 Again, seniority means nothing
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36. Obviously any change in working conditions would need to be bargained, what new services should the Department 
consider or seek out to better meet the needs of the community? 

        Responses Percent

Responses: 27 100%

  Total Responded to this question: 27 72.97%

  Total who skipped this question: 10 27.03%

  Total: 37 100%

36. Obviously any change in working conditions would need to be bargained, what new services should the Department consider or seek out to 
better meet the needs of the community? 

Response Response Text

1 New equipment, more staff

2 The Department should provide ambulance service to the Town.

3 man power. We run with 7 guys. In April 1962 Dracut hired 6 full time guys because of the over grown population of 13,500. 2016 we 
gained 1 xtra man. 30,000+ population? Dangerous.

4 EMS Transport Community Outreach Education

5 Ambulance More public out reach; a lot more

6 Ambulance

7 Ambulances, fire education and assistance to elderly

8 Take the Chief out of civil service. Make the Chief a contract Chief so the Chief is held accountable for his/her actions and decisions. 
Centralize dispatch.

9 Ambulance service by the fire dept. 8 men/women and ambulances start up cost at least $500,000? Again I would also keep 
dispatching local.

10 Ambulance, better public education and full time staffed rescue

11 The dept could benefit from having its own ambulance. It would be a great way to supplement the Town's budget if it was disbursed 
equally to the public service depts. and beneficial to the FD in hiring more members.

12 I think getting rid of fire dispatch would be the best thing for the community, as it is not being done to state standards now.

13 I believe our own ambulance would raise revenue for the town. I would like to see a % allocated to the fire dept and remaining % be 
split with PD and DPW.

14 Lap tops in the trucks

15 Centralize Dispatch

16 Provide ambulance with dedicated members that will be life long employees of the town of Dracut. But ambulance personnel should not 
reduce personnel for fire suppression duties. So language would need to be bargained regarding minimum manning.

17 Computers

18 An ambulance

19 Additional personal, FD ambulance

20 have incentive for paramedic level; Deputy Chief for night hours for incident command 24/7

21 Manpower

22 More manpower

23 Community outreach programs; bring the ambulance service in house; re-alignment of the department and some duties.

24 Minimum 3 guys to a truck!!! a dispatch center that is up to date, new station 3, full staffing of the department!!! 2 sets of approved 
gear for every firefighter

25 Maintaining and fixing problems with equipment so they are safe and adequate for the job

26 More man power

27 I would like to consider the DFD running town operated EMS services
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37. If the department expanded the level and scope of emergency medical services offered to the community, I would support 
that effort. 

        Responses Percent

Strongly Agree: 17 45.95%

Agree: 17 45.95%

Neutral: 2 5.41%

Disagree: 1 2.7%

Strongly Disagree: 0 0%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%
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38. I am proud to be a member of the department.

        Responses Percent

Strongly Agree: 18 48.65%

Agree: 12 32.43%

Neutral: 7 18.92%

Disagree: 0 0%

Strongly Disagree: 0 0%

Additional Comments: 8 21.62%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

38. I am proud to be a member of the department.

Response Comments

1 Proud to be a firefighter, not as proud of Dracut Fire as I once was

2 I am proud of being a fire fighter but I am not proud to be working under the current administration

3 A proud member of a proud dept. The best job a man could ever have. I thank God everyday. 

4 I pride myself adn fellow fire fighters in our image to public

5 I am for the personnel I work with, but not for the leadership representing me

6 Sometimes its embarassing when people ask what is wrong with the Chief or Dep Chief. Or people state they are "assholes".

7 For the most part yes. Best job in the world

8 I am. I ahve spent my entire adult life serving the town of Dracut in some capacity. That said, I find myself wanting to leave DFD. With 
less than 7 years till I hit my numbers to retire at a full 80%
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39. 

The Town Manager and Board of Selectmen of the Town support the Department. 

        Responses Percent

Strongly Agree: 2 5.41%

Agree: 13 35.14%

Neutral: 14 37.84%

Disagree: 3 8.11%

Strongly Disagree: 5 13.51%

Additional Comments: 12 32.43%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

39. 

The Town Manager and Board of Selectmen of the Town support the Department. 

Response Comments

1 Budget weak

2 They have thier own agenda

3 The Town Manager adn BOS have never taken public safety seriously in this town. No additional manpower in 35 years. That is a 
disgrace to the citizens of Dracut.

4 I believe the BOS support the dept. I'm not sure about the TM. He is new to the Town and I am not sure if he is aware of the FD's 
needs.

5 The selectmen pick when they want to help and the TM is new to early to have an informed opinion.

6 Selectmen have always been supportive with issues that arise. TM is new to town and haven't built a relationship yet, however haven't 
had any issues that I'm aware of. 

7 how's our contract going? Still haven't settled and no current contract sicne July 2015. Let's give the SoSchools an 8% pay raise. 
Nothing for FF's that live in this town. 

8 They both want the best for Dracut and FD but TM can control us unlike school dept. School dept has level funding so thet always cut 
FD first. We are financially micro managed 

9 New Town Manager says he supports us but we are still without a contract. Selectmen are better than they used to be.

10 While the jury is still mostly out with the new(er) TM, the previous manager left a foundation so weak that trust and relationship with 
management is difficult. Everything is done on a "dime". The con

11 Board and Town do, TM does not

12 New employee, I have no strong opinion at this time
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40. 

I believe the residents of the Town value the services provided by the department. 

        Responses Percent

Strongly Agree: 11 29.73%

Agree: 18 48.65%

Neutral: 7 18.92%

Disagree: 1 2.7%

Strongly Disagree: 0 0%

Additional Comments: 8 21.62%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

40. 

I believe the residents of the Town value the services provided by the department. 

Response Comments

1 I believe they value the service but are reluctant to pay for service enhancements and proper staffing levels

2 I believe the residents value the services but are not aware of the manning issues. 2 men in each station, it's not adequate. 9 men 
baseball, 11 men football, 2 men firefighting

3 Yes but they don't know the behind the doors scene.

4 They only value the service when they need it and of course complain if we take to long responding due to whatever, definitely not 
because of us taking our time.

5 Some do, some think we sleep all day.

6 Some do

7 It's always hard to gage the general public's opinion. As is life, people don't really know what we do, how adequate or inadequate our 
funding, staffing or equipment is. Probably goes to question abov

8 But if they know how things really work and what we have to work with I think they would be shocked. 
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41. I believe that the department reaches out to residents and businesses to work together on issues of common interest.

        Responses Percent

Strongly Agree: 4 10.81%

Agree: 9 24.32%

Neutral: 13 35.14%

Disagree: 8 21.62%

Strongly Disagree: 3 8.11%

Additional Comments: 5 13.51%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

41. I believe that the department reaches out to residents and businesses to work together on issues of common interest.

Response Comments

1 I'm not sure I understand

2 The town has a limited tax base, bedroom town, limited business. 200 homes being built, we have to service these residents with no 
added help. More homes, more calls!

3 Union membership does this more than dept. Our involvement adn interaction is constant. 

4 The Union does!

5 There is little or no PR.

SurveyMethods.com Page 38



  
42. The supervisors of the department provide quality guidance and support to employees.

        Responses Percent

Strongly Agree: 3 8.11%

Agree: 6 16.22%

Neutral: 13 35.14%

Disagree: 11 29.73%

Strongly Disagree: 4 10.81%

Additional Comments: 13 35.14%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

42. The supervisors of the department provide quality guidance and support to employees.

Response Comments

1 Officer communication with different units could be better

2 Depends on the day/mood of person

3 Negativity, condescension, belittling normal

4 Upper management (Chief, Sr. Dep) belittle personnel when they ask questions or voice opinions. There's no grooming process to help 
members advance between ranks. There are no formal mentors. Upper ma

5 There are good officers willing to help and work together and other officers who are arrogant adn only care about themselves. It 
shows everday!

6 A few good leaders. Many do not support. 

7 Some supervisors provide guidance and support while some let you fail. Supervisors that support you, guide you through the task and 
assess the situation to better you as a FF.

8 The guidance only comes from the few officers that still have hope for better days to come.

9 Some supervisors provide guidance while others will not. Some will let you literally sink while others will ensire accuracy in job 
performance. There have been times an officer allowed a driver to go 

10 Constructive critisim is non-existant.

11 Some do, some don't

12 Rank is pulled and info is not shared

13 Very seldom is positive guidance given. It's always what you did wrong and why you didn't know that. 
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43. If I had an opportunity to take a similar job with a different employer with comparable pay and benefits, I would leave the 
department.

        Responses Percent

Strongly Agree: 10 27.03%

Agree: 8 21.62%

Neutral: 7 18.92%

Disagree: 7 18.92%

Strongly Disagree: 5 13.51%

Additional Comments: 8 21.62%

  Total Responded to this question: 37 100%

  Total who skipped this question: 0 0%

  Total: 37 100%

43. If I had an opportunity to take a similar job with a different employer with comparable pay and benefits, I would leave the department.

Response Comments

1 This is my hometown, I want to improve this Dept. 

2 They will have to carry me to my grave before I ever leave here. I will leave on my terms.

3 I love the community. The leadership makes it hard to enjoy the environment. Pay is one fo the lowest in the area.

4 Enen though I love this town I would give it serious consideration becasue of management here.

5 No other dept in the area pays as low as Dracut does!

6 Most departments make more

7 I tried to transfer but was denied, this happened a few months after the Chief accepted a transfer from another town.

8 It's been 20+ years, my family is established
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44. Please list the three things you like best about working for the department.

        Responses Percent

1.: 35 100%

2.: 34 97.14%

3.: 27 77.14%

  Total Responded to this question: 35 94.59%

  Total who skipped this question: 2 5.41%

  Total: 37 100%

44. Please list the three things you like best about working for the department.

Response 1.

1 Staff

2 Brother hood

3 The sense of teamwork

4 Brotherhood

5 Grew up in Town - like taking care of my community

6 The people

7 My community, responsibility

8 Being able to help the community

9 People

10 Enjoy helping people when they need it

11 Helping the community

12 Best job in the world

13 Great workers around here

14 Coworkers

15 The towns people and helping them in time of need

16 Self gratitude - nothing better than helping people in need and saving lives.

17 Definitely a need for us

18 24 hr shifts

19 helping people

20 schedule (flexible)

21 Having a Chief who plans ahead and is proactive

22 Work schedule

23 People

24 Serving my community

25 Serving the residents of the town

26 I like the work hours

27 helping people

28 Schedule

29 Helping people

30 Operating the trucks, equipment, tools etc.

31 Good job

32 The guys I work with

33 Station #1,2 updates (buildings)

34 Supportive leaders

35 Helping people

Response 2.

1 Type Job

2 Helping in community

3 Contributing to the community

4 Sense of duty
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5 I'm proud to be a fire fighter

6 Being able to work on moving the Dept forward with equip and technology

7 Mentor, learn from others

8 Trying to make a change in community

9 24 hour shift

10 Camaraderie

11 My crew

12 Most people are great to work with

13 Community is great

14 Flexible schedule, more time for family

15 The hours and work schedule

16 Most co-workers

17 The comraderie on most of the crews

18 my crew

19 helping people/citizens

20 Having Civil Service promotional exams as the basis for promotions

21 Actually helping people

22 The job

23 Making a difference in people's lives

24 Driving fire trucks

25 Friendliness among co-workers

26 most coworkers

27 helping the public

28 Should be the best job in the world, and in general when we are doing THE JOB, helping people and on calls, it is.

29 The rush from the action

30 The service we provide to public

31 Working in the community I live in

32 Equipment

33 Comfortable work environment considering the nature of the job

34 Helping the new firefighters

Response 3.

1 Hours

2 Schedule

3 Having a job that makes a difference in people's lives.

4 Public service

5 The people I've met over the years

6 Teaching new and younger members the job - mentoring

7 Trying to promote positive environment

8 Working with Deputies, Capt's, Lt's and other firefighters

9 retirement system

10 Schedule

11 Schedule

12 Helping people all the time in town

13 Love of the job

14 Pension and benefits

15 The satisfaction from mentoring a member that appreciates you and thanks you for your assistance.

16 Retirement pension

17 Best job in the world (the 24 hours are not bad either)

18 working in diverse environments

19 Having a well-maintained, modern day fleet and equipment

20 Nothing else, Chief has ensured that people are miserable at work.
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21 The size of Department

22 Making a difference

23 Short commute to work

24 job itself

25 The schedule

26 The way people look at you, being a firefighter. the pride you feel after helping someone

27 Great relationship with everyone in my unit
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45. Please list the three things you dislike about working for the department.

        Responses Percent

1.: 34 100%

2.: 32 94.12%

3.: 26 76.47%

  Total Responded to this question: 34 91.89%

  Total who skipped this question: 3 8.11%

  Total: 37 100%

45. Please list the three things you dislike about working for the department.

Response 1.

1 Healthcare

2 Always having to do more with less money from the town

3 Chief is unpredictable (PTSD) intimidation

4 Small # of employees that are completely negative about everything

5 Sever disconnect with leadership on many topics

6 Chief

7 Salary's low

8 Hostile work environment

9 General mismanagement of the dept

10 Animosity

11 Leadership lacking

12 Equipment and apparatus maintenance, information pertaining to repairs

13 The way the leadership runs the dept by intimidation and bullying. IE: threaten to mix up units and personnel for no reason. Lack of 
personal respect for members.

14 Micor-management by Chief Officers

15 The head games of the Deputy's and higher

16 working holidays

17 disrepect to the rank and file by the chief and sr. deputy

18 Constant change of protocols without proper notifications

19 The management

20 The Chief's heavy-handedness, "Iron Fist" attitude at times

21 Lack of fire prevention education

22 Inconsistency in leadership

23 People being set up to fail

24 Angry people

25 Chief and Deputies don't take hazmat seriously

26 manpower

27 Micromanagement

28 Lack of partnership

29 Staffing, lack of full staffing

30 Demeaning management

31 Lack of integrity among some officers

32 Station #3 out dated building

33 Outdated technology

34 24 hours are long

Response 2.

1 Benefits

2 Having to put off purchases or training due to lack of funds from the town

3 Under staffed

4 Lack of funding to staff sufficiently
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5 Safety is thrown out the window

6 lack of funding

7 Excessive training/busywork

8 Disrespect to staff by Chief and Sr. Deputy

9 Anger

10 No clear procedures or guidance

11 Upper management shows no support

12 The lack of funding for the dept to run properly and the way leadership appropriates the funds it does have. IE: Running short on 
personnel all winter when needed and then spending the rest of the budget in June because of poor planning

13 Lack of manpower

14 Disregarding our safety concerns

15 the general mismanagement of the dept

16 Every unit runs differently and sometimes can be difficult to determine what you are suppose to be doing

17 Intimidation

18 Operating with two-man engine companies, should be three

19 Lack of officer program or mentoring

20 probe (sp?) training (?) plans are not made

21 Lack of communication

22 Sarcasm

23 Running short staff

24 communication

25 negative attitude from upper management

26 Lack of respect and dignity

27 Comments made from the Chief and certain supervisors

28 Non supportive TM

29 Micromanaging

30 Dep. Patterson

31 2 man engine companies

32 not enough fire fighters

Response 3.

1 Pay

2 Unions

3 Allways changing rules

4 No mentor program 4. Hostile work environment, "busy-work" is insane

5 staffing levels

6 Changing stations + units undermines stability

7 Lack of technology and mentoring

8 Attitude

9 Pay is lacking compared to like communities

10 Micromanaging

11 The lack of care for the health and safety of the members. IE: No exhaust elimination at sta 3 or training in the extreme heat just 
because or not calling back help because of the cost

12 Equipment maintenance and repair info

13 Two guys on a piece

14 low morale of the entire dept.

15 Poor supervision of all ranks and positions in regards to counseling and mentoring stronger employees

16 Getting involved in your personal life

17 No financial compensation for members to attend outside training, such as the Mass Fire Academy

18 Lack of concern for members safety.

19 Timelines aren't kept

20 Commercial air compressor next to bunk room

21 I don't like the working conditions at sta 3
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22 under scrutiny; no seniority/respect

23 busy work

24 Fear, intimidation, retribution

25 Dispatch being outdated and dangerous for the public

26 Chief
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46. What is one idea that you have that could improve the department? 

        Responses Percent

Responses: 33 100%

  Total Responded to this question: 33 89.19%

  Total who skipped this question: 4 10.81%

  Total: 37 100%

46. What is one idea that you have that could improve the department? 

Response Response Text

1 Overlap officers to help communicate within department

2 Better guidance

3 Hire 8 firefighters and own a department ambulance

4 Education

5 Get rid of Deputy's position. Why do we need them during the day but not at night when that is the most dangerous times to have a 
incident.

6 Technology upgrades to integrate a CAD, report writing, and pre plans and make these accessible in the field to all personnel.

7 -40% of dept is officer rank, eliminate deputy position, 4 captains as 24 hr. command - Chief develop confidence in staff to not 
micromanage everything, control

8 Ambulance Cut out the captains use all Lieutenants

9 Minimize the involvement of the chief in day to day operations. Keep chief on his medication. Allow captains to build cohesive teams.

10 Take the Chief out of Civil Service and make him a contract chief so he is accountable for his actions.

11 This dept has been mismanaged for years. In 1980 8 FF's were hired and station 3 was manned with 2 FF's, 24/7. There was 1 chief, 1 
Deputy, 4 Lt's and 28 dedicated FF's. This operation was in place for 15 years with less personnel issues. In 1995, 4 Lt's were made 
and dispatchers were hired and this is when all the problems were created. In 2000 4 more Lt's were made when a new station 2 
opened and the 4 Lt's at station 1 were promoted to Capts. To many officers, not enough help.

12 Leadership training is a must. The treatment of employees is the cornerstone to a successful organization. An environment where 
employee empowerment and trust will yield positive moral. Moral will then carry over into employee commitment and productive work 
force. The moral is lowest I have seen in years. Also, staffing is lacking. Understaffed and not looking to change other than another FF 
at Sta 3.

13 New personnel in upper management positions that want to move the dept forward. They should be able to balance the budget and 
make cuts in other places besides manpower.

14 In all I think the dept has the right bones and personnel that still want to make the dept better. But that starts at the top and will not 
get better unless the leadership has a serious change in his attitude and approachability to solve problems rather than creating them. 
The town also needs to find a way to fund the dept better maybe like a capital plan fund to replace turnout gear and expensive tools 
that wear out like they do with the apparatus pieces. They also should do these surveys on th

15 Laptops of Ipads on vehicles. Could be beneficial for hydrant locations, prior history at a particular address and location of calls (house 
locations) that are currently relayed by dispatch.

16 Removing the personnel that bitch or think they are a leader.

17 Laptops in trucks

18 take the chief out of civil service and make him a contract chief-makes him accountable for his management skills.

19 Minimum manning language in order to run more consistent. If we always run at same number of people on apparatus we can create 
standardized SOP/SOG to provide more consistent responses that are more efficient and timely.

20 Start by firing the Chief

21 Creating two more Deputy positions in addition to the current two, and assigning one to each shift so that 24/7 Incident Command can 
be implemented.

22 Allow captains to run their shifts and keep Deputy Chiefs out of everyday calls unless requested to respond by the capt on duty.

23 Getting the dept's own ambulance would make a great addition

24 Command (Dep Chief) around the clock.

25 A new Station 3

26 being able to have a give and take dialogue with administration and officers.

27 Having a clear definition of roles in the dept.

28 A town resource/personnel officer that was properly trained and inpowered to do something to make things better, safer, more sane.

29 Moving dispatch to the PD who has the equipment and technology to support a safer service. Then hire "dispatchers" not fire fighters 
to run our side of the dispatching service. PD can run their calls and FD dispatchers not firefighters can run fire and ems calls. our 
dispatching service is walking a fine line of being against state protocol/requirement.

30 Leadership listening to the ideas and advice of the guys that actually operate on the equipment everyday

31 Yearly mental evaluations of all officers

32 I believe the Dept should consider running its own BLS Ambulances

33 New Union President he thinks he runs the place
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DRACUT	FIRE	ALARM	RUN	CARD 
 

Dracut Fire Alarm Run Card 
	 TO	BE	CALLED	TO	SCENE	 STATION	COVERAGE	

Alarm	 Engine	 Engine	 Ladder	 Chief	 Other	 Engine	 Engine	 Ladder	

1st	Alarm	 All	on	duty	Apparatus	 	 	 	 	 	

Working	Fire	
	 	 	 	 Ambulance	 Last	Unit	Off	for	Coverage	

2nd	Alarm	 All	Off	Out	Personnel	 Lowell	(RIT)	 	 Red	Cross	 Lowell	 Pelham	 	

3rd	Alarm	 Lowell	 Pelham	 	 	 	 Tyngsboro	 Methuen	 	

4th	Alarm	 Tyngsboro	 Methuen	 	 Lowell	 Field	Comm	60	 Lowell	 Nashua	 Nashua	

5th	Alarm	 Lowell	 Nashua	 Nashua	 	 	 Hudson,	NH	 Lawrence	 	

6th	Alarm	 Hudson,	NH	 Lawrence	 	 Nashua	 	 Salem	NH	 Tewksbury	 Andover	

7th	Alarm	 Salem	NH	 Tewksbury	 Andover	 	 	 Chelmsford	 Windham	 	

8th	Alarm	 Chelmsford	 Windham	 	 	 	 Billerica	 Westford	 Bedford	MA	

9th	Alarm	 Billerica	 Westford	 Bedford	MA	 	 	 Londonderry	 Pepperell	 	

10th	Alarm	 Londonderry	 Pepperell	 	 	 	 No.	Andover	 Wilmington	 	

	 	 	 	 	 	 	 	 	

2nd	Alarm	 Methuen	 Salem,	NH	 	 	 Pelham	Tanker	 	 	 	

'"'OUT	OF	Kenwood	H20			DISTRICT	ONLY**	Add	to	second	alarm	response	

Special	Calls	
Ladders	 Tankers	 Rescues	 Tower	Ladders	

Tyngsboro	 Pelham,	NH	603-635-2703	 Lowell	 Lowell	
Methuen	 Tyngsboro	978-649-4521	 Methuen	 Nashua	603-594-3641	

Salem	NH	503-890-2200	 Hudson.	NH	603-886-6021	 Pelham	 Methuen	
Hudson	NH	 Windham	NH	603-434-4907	 Lawrence	 Lawrence	
Chelmsford	 	 Tyngsboro	 Andover	
Tewksbury	 '	 	 	 	

Staging	Area,	I	 Fire	Headquarters	488	Pleasant	St.	Dracut,	MA	 	
District	6	Control	to	be	notified	to	fill	all	resources	from	the	4th	Alarm	and	greater	
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