
FIRE DEPARTMENT STAFFING LEVELS COMPARISON CHART 

Apparatus 
Engine Aerial Rescue 

Staffing 

NFPA 4 4 4 

Calgary 4 2 2 

Edmonton 4 4 4 

Vancouver 4 4 4 

Toronto 5 (4) 5 (3) 6 (4) 



SUMMARY OF CALLS TYPES 
MEDICAL CALLS- NON MVC NUMBER OF INCIDENTS 24965 

%OF TOTAL CALLS 41.99% 

WORKING FIRES NUMBER OF INCIDENTS 1817 

%OF TOTAL CALLS 3.06% 

MEDICAL ASSIST- M.V.C. NUMBER OF INCIDENTS 3859 

%OF TOTAL CALLS 6.49% 

HAZARDOUS MATERIAL SITUATIONS NUMBER OF INCIDENTS 9505 

%OF TOTAL CALLS 15.99% 

SEVERE WEATHER NUMBER OF INCIDENTS 665 

*SEPTEMBER SNOW STORM 

% OF TOTAL CALLS 1.12% 

TOTAL INCIDENTS 59457 

*CALL NUMBERS BASED ON 2014 CALGARY FIRE DEPARTMENT STATISTICS 
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L. WILLIAM SEIDMAN RESEARCH INSTITUTE 

The L. William Seidman Research Institute serves as a link between the local, national, and international 

business communities and the W. P. Carey School of Business at Arizona State University (ASU). 

First established in 1985 to serve as a center for applied business research alongside a consultancy 

resource for the Arizona business community, Seidman collects, analyzes and disseminates information 
about local economies, benchmarks industry practices, and identifies emerging business research issues 

that affect productivity and competitiveness. 

Using tools that support sophisticated statistical modeling and planning, supplemented by an extensive 

understanding of the local, state and national economies, Seidman today offers a host of economic 

research and consulting services, including economic impact analyses, economic forecasting, general 

survey research, attitudinal and qualitative studies, and strategic analyses of economic development 

opportunities. 

Working on behalf of government agencies, regulatory bodies, public or privately-owned firms, academic 

institutions, and non-profit organizations, Seidman specializes in consultancy at the city, county or state­

wide level. Recent and current clients include: 

• Arizona Commerce Authority (ACA) • Goodwilllndustries 

• Arizona Corporation Commission (ACC) • Intel Corporation 

• Arizona Department of Mines and Mineral • The Navajo Nation Division of Economic 

Resources Development 

• Arizona Hospital and Healthcare Association • The Pat Tillman Foundation 

• Arizona Investment Council (A/C) • Phoenix Sky Harbor International Airport 

• Arizona Mining Council • Pierce Eislen 

• Arizona Public Service Company (APS) • Public Service Company of New Mexico 

• Arizona School Boards Association (PNM) 

• Arizona Town Hall • Raytheon 

• The Boeing Company • Rosemont Copper Mine 

• City of Phoenix • Salt River Project (SRP) 

• Excelsior Mining • Science Foundation Arizona (SFAZ) 

• Executive Budget Office of the State of • Turf Paradise & Delaware North 

Arizona • Valley METRO Light Rail 

• First Things First • The Vote Solar Initiative 

• Freeport McMoran • Waste Management 

• Glendale Community College 
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Executive Summary 

• This study uses a REMI model to estimate the economic impact of the City of Phoenix Fire 

Department's successful intervention at eight fires, June 1 to August 31, 2012, affecting thirteen 

commercial businesses or organizations. 

• Approximately 2,173 total private non-farm jobs could have been lost in the State of Arizona over 

the course of one year if the City of Phoenix Fire Department had not successfully intervened at the 

eight commercial fires studied. 

• If government and farm sector employment is included, the total impact could increase to 2,322 

jobs over the course of just one year in the State of Arizona . 

• Maricopa County, as the host county, could suffer most of the estimated job losses, including 495 

full -time direct jobs for at least one year. 

• Gross state product could be lower by approximately $196 million (2012 $)throughout the State of 

Arizona, and real disposable personal income by $94.6 million (2012 $L without the City of Phoenix 

Fire Department's successful interventions at these eight commercial fires. 

• State revenues could also fall by approximately $10.6 million (2012 $)throughout Arizona if the fires 

had not been ext inguished. 

• The City of Phoenix Fire Department is therefore estimated to exert a sign ificant impact on the local 

economy at both a state and county level. 
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1. Introduction 

The City of Phoenix Fire Department is committed to providing the highest level of public safety service 

for the community, protecting lives and property through fire suppression, emergency medical and 

transportation services, disaster management, fire prevention and public education. 

One of the busiest fire departments in the country, the City of Phoenix Fire Department is responsible 

for a 519.1 square mile area, and the safety/well-being of almost 1.5 million people. In FY2010-11, it 

attended 13,893 fires. 1 

The City of Phoenix Fire Department currently implements a wide range of key performance indicators 

(KPis) to demonstrate its value to City officials and the wider community. However, these methods all 

overlook the impact of the Fire Department's operations on the local economy. 

In August 2011, the Seidman Research Institute conducted an exploratory case study for the City of 

Phoenix Fire Department, evaluating the economic impact of saving a furniture manufacturer from a 

major fire. The case study suggested that up to 203 jobs could have been lost in the State of Arizona if 

the property had not been saved, plus $20 million gross state product and $9 million real disposable 

personal income (2011 $). 

Surprised by the magnitude of these impacts, the Seidman Research Institute therefore agreed to 

further assess the economic impact of successful fire interventions at commercial establishments over a 

longer time horizon. The objectives of this study are to: 

• Implement a three month aggregate analysis of commercial fire interventions, focusing exclusively 

on any organization that could have temporarily or permanently lost their production capability 

and/or operations without the successful intervention ofthe City of Phoenix Fire Department. 

• Quantify the total employment, gross state product (GSP), real disposable personal income (RDPI) 

and adjusted state/local tax revenue losses in the State of Arizona and Maricopa County if the fires 

had not been successfully contained. 

1 This is the latest publically-available figure . 
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The interventions included in this analysis occurred between June 1 and August 31, 2012, and each fire 

was in a post-incipient phase. 2 

Estimated impacts include the direct combined effects of every commercial property benefitting from a 

successful Fire Department intervention, alongside the indirect and induced effects that arise when their 

incomes and expenditures are recycled within the state's and county's economy. The year of study for 

this analysis is 2012, and all impacts are expressed in 2012 dollars (2012 $). 

Section 2 summarizes the economic impact method and the primary data used in the calculations. 

Simulation results for the State of Arizona and Maricopa County are offered in Section 3. Conclusions 

and recommendations are provided in Section 4. 

2. Economic Impact Analysis- Study Method and Scenario Examined 

Commercial businesses and organizations exert direct, indirect and induced impacts on a state or 

county's economy. 

The direct impacts are generally easy to understand and calculate. They include the initial capital 

investment when a business or organization is launched, and the people directly employed to supply 

their products or services. 

The indirect and induced effects are additional, second round expenditures and jobs created as a result 

of the initial "injection" of capital expenditures and direct employment. Indirect effects arise when a 

company makes purchases from suppliers to support its operation. Induced effects occur when workers 

either directly or indirectly associated with commercial businesses or organizations spend their incomes 

in the local economy, when suppliers place upstream demands on other producers, and when state and 

local governments spend new tax revenues. The income that a company or employee spends in the 

2 This means that the fire had progressed beyond the incipient or ignition phase, and was either growing in intensity, or was 
fully developed (the hottest and most dangerous phase of any fire). 
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local economy therefore generates revenues/income for a variety of different businesses, which creates 

induced effects. 

The rounds of expenditures are not self-perpetuating in equal measure. Through time, they become 

smaller as more of the income/expenditures "leak" out of the local economy. 3 The cumulative impacts 

of these rounds of expenditures or "ripple effects" are known as the multiplier effect in economics. 

Importantly, there is no one "magic" multiplier number for every conceivable scenario. Due to the inter­

linked nature of the Arizona economy and its links to the rest of the U.S. (and the world), the eventual 

ripple effects depend on a variety of different factors. 4 

If a commercial business or organization is adversely affected by fire, causing a temporary or permanent 

cessation of trade or potentially even relocation, this will also affect the host state or county's local 

economy. The potential impacts of fire damage include actual physical structure impairment, falls in 

sales output, or new production costs such as the purchase of replacement equipment and supplies. 

This will affect key economic variables such as employment, gross state product, disposable personal 

income and local/state tax revenues. 

Therefore, a full understanding of the total impact that a successful fire intervention at a business will 

have on the Arizona economy is rather more complex than just an extrapolation of direct impacts. 

Please note that this study only considers the potential economic losses if a commercial business or 

organization is forced to temporarily or permanently close down due to fire. No consideration is given 

to the potential construction impacts arising from unsuccessful interventions. Residential interventions 

are also excluded from the analysis. 

3 For example, in the form of savings, or as payments for goods and services produced outside of a state. 
4 

In very simple terms, what matters is the size of the direct impact, where it occurs (that is, which county and wh ich sector of 
the economy) and the duration of the impacts. 
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2.1. Study Method 

This study makes use of an Arizona-specific version of the REM I regional forecasting model, updated at 

the Seidman Research Institute, to produce economic estimates of commercial businesses and 

organizations in the State of Arizona and Maricopa County. 

Through its dynamic modeling, REM I takes account of variations in the economic impact of a business 

through time. These estimated impacts are the difference between the baseline economy and the 

baseline economy augmented with the new enterprise. As a result, the analysis measures the economy 

with and without the existence of the fire-stricken business in both the State of Arizona and Maricopa 

County. The use of a county level model also enables a more detailed disaggregation of results to occur, 

estimating the "leakage" of economic impacts into other counties in Arizona. 

Seidman's method for estimating the economic impacts involves four fundamental steps: 

1. Prepare a baseline forecast for the state and county economy: This baseline scenario provides 

a forecast ofthe future path ofthe local economies in the State of Arizona and Maricopa County 

based on a combination of the extrapolation of historic economic conditions and an exogenous 

forecast of relevant national economic variables. This is often referred to as the Business as 

Usual (BAU) case, and assumes that the commercial businesses and organizations included in 

the analysis did not require successful fire interventions to continue operating. 

2. Develop policy scenario: This describes the direct economic impacts generated by the loss of 

these commercial businesses and organizations for up to one year if the City of Phoenix Fire 

Department had been unable to successfully intervene. 

3. Compare the baseline and policy scenario forecasts 

4. Produce delta results: Differences between the future values of each variable in the forecast 

results estimate the magnitude of the loss of the businesses and organizations for the loca l 

economy, relative to the baseline. 
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The economic impacts measured in this study are: 

• Total Employment: An estimate of the total number of full-time (or equivalent) jobs in the State of 

Arizona or Maricopa County, encompassing every sector and industry, including government and 

farm workers. Total employment therefore includes employees, sole proprietors and active 

partners, but excludes unpaid family workers and volunteers. 

• Total Private Non-Farm Employment: An estimate of the total number of full-time (or equivalent) 

jobs in the State of Arizona or Maricopa County, encompassing all sectors and industries but 

excluding government and farm workers. This again includes employees, sole proprietors and active 

partners, but excludes unpaid family workers and volunteers. 

• Gross State Product (GSP): This is the market value of goods and services produced by labor and 

property in the State of Arizona or Maricopa County. It represents the dollar value of all goods and 

services produced for the state or county's final demand, but excludes the value of intermediate 

goods and services purchased as inputs to final production. It can also be defined as the sum of 

employee compensation (wages, salaries and benefits, including employer contributions to health 

insurance and retirement pensionsL proprietor income, property income, and indirect business 

taxes. 

• Real disposable personal income (RDPI): This is an estimate of the total after-tax income received 

by any person residing in the state or county, deflated by the Personal Consumption Expenditure 

(PCE)-Price Index, but available for spending or saving. Technically speaking, real disposable 

personal income is the sum of wage and salary disbursements, supplements to wages and salaries, 

proprietors' income, rental income of persons, personal dividend income, personal interest income, 

and personal current transfer receipts, less personal taxes and contributions for government social 

insurance. 

• State Tax Revenue: This is an estimate of general sales tax, selective sales tax, license taxes, 

individual and corporate income taxes, other taxes, miscellaneous general revenue, utility revenue, 

liquor store revenue, insurance trust revenue, intergovernmental revenue and current charges. 

5 



2.2. Data Inputs 

Between June 1 and August 31, 2012, the City of Phoenix Fire Department successfully intervened at 

thirteen post-incipient commercial fires - that is, fires that were either growing in intensity or fully 

developed (the hottest and most dangerous phase of any f ire) . 

Two of the interventions were at vacant commercial premises, and therefore excluded from the current 

analysis. The businesses and organizat ions at three commercial fire locations declined to part icipate in 

the study. The remaining eight interventions directly affected thirteen local businesses. Production 

capability and business operations could have been lost for at least one year at eleven of these local 

businesses without the successful intervention of the City of Phoenix Fire Department. Commercial 

activity at the remaining two local businesses could have been compromised for at least three months if 

their fires had not been successfully controlled. 

Each commercial business or organization was asked to complete a brief survey as part of a follow-up 

fire incident investigation to supply the following data: 

• Industry type 

• Industry NAICS code/description 

• Number of full -time (or equivalent) employees 

• Annual total revenue/sales 

• Average employee salary 

• Extent of actual disruption to business operations 

• Estimated extent of disruption without successful intervention 

Anonymity was guaranteed in return for their sharing of commercially sensit ive information. The 

industries directly benefiting from the City of Phoenix Fire Department interventions included 

construction, manufacturing, retail, finance, administrative and support services, and other services 

(except public administration) . 

6 



Cumulatively accounting for 545 employees and annual salaries of almost $19.6 million, the inputs 

supplied by each business or organization have been used to estimate the economic impact for the State 

of Arizona and Maricopa County for one entire year if the City of Phoenix Fire Department had been 

unable to successfully intervene and extingu ish the fires. 

3. Simulation Results 

Table 1 illustrates the total employment and total private non-farm employment job impacts for one full 

calendar year if the City of Phoenix Fire Department had been unable to intervene at the eight 

commercial fires. The distinction between the two employment measures is important. Total 

employment refers to any job in the public or private sector, including government jobs and farm 

workers. Total private non-farm employment simply refers to the private sector, and therefore excludes 

government jobs, and any impacts associated with farming. The unit of measurement for each impact is 

job years.5 

This table estimates that approximately 2,173 total private non-farm full-time (or equivalent) jobs could 

have been lost in the State of Arizona over the course of one year if the City of Phoenix Fire Department 

had not successfully intervened at the eight commercial fires. If the government and fa rm sectors are 

included, th is could increase to 2,322 full -time (or equivalent) job losses over the course of one year in 

the State of Arizona . Approximately 98% of these full-time (or equivalent) job losses could have taken 

place in Maricopa County- the host county in which the commercial fi res occurred. 

Table 1: Employment Impacts of the 8 Commercial Fire Interventions for One Year 

Total Employment Losses Total Private Non-Farm 

(Job Years) Employment Losses 

(Job Years) 

Arizona 2,322 2,173 

Maricopa County 2,280 2,137 

Host County as Percentage of Arizona 98.2% 98.4% 

Source: L. William Seidman Research Institute, W. P. Carey School of Business, Arizona State University 

5 A job year is equivalent to one person having a full-time job for exactly one yea r. 
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The 2,173 private non-farm jobs saved by the City of Phoenix Fire Department's successful intervention 

at eight commercial fires consisted of 495 direct jobs 6 and 1,678 indirect or induced jobs. 

Table 2 estimates the distribution of job losses for one year across the private non-farm employment 

sectors if the City of Phoenix Fire Department had been unable to successfully intervene, resulting in a 

loss of production or operational capability at the 13 commercial businesses or organizations. This table 

suggests that the five sectors that could lose the greatest number of jobs are retail trade, construction, 

manufacturing, administrative and waste services, and health care and social assistance. 

Table 3 estimates the gross state product (GSP) and real disposable personal income (RDPI) losses 

potentially emanating from the non- or unsuccessful intervention of the City Phoenix Fire Department. 

The table estimates that the State of Arizona could have lost approximately $196 million GSP (2012 $) in 

just one year if the City of Phoenix Fire Department had failed to successfully intervene at the eight 

commercial fires. Approximately 98.4% of the loss could have taken place in Maricopa County. 

Table 3 also estimates that RDPI in the State of Arizona could fall by $94.6 million (2012 $) without the 

successful fire interventions. Maricopa County again could suffer almost all of the loss (95.8%). 

Table 4 estimates the adjusted state tax/revenue losses for one year if the City of Phoenix Fire 

Department had not successfully intervened at the commercial fires. The losses could amount to $10.56 

million in the State of Arizona -that is, 96% in Maricopa County, with the balance in Pinal and Pima 

Counties. 

6 This direct job years figure is lower than the tota l annual direct employment (545 jobs) at the 13 commercial business or 
organizations saved, because 2 of the companies indicated that they would only close for 3 months. As a result, a pro-rata 
input for these 2 companies has been used in the total direct calculation for all13 businesses or organizations. 
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Table 2: Distribution of Private Non-Farm Employment Losses across Industry Sectors for One Year 

Sector Jobs Lost in Jobs Lost in 

Arizona Maricopa County 

Forestry, Fishing, Related Activities, and Other 0.53 0.4 

Mining 2.99 1.3 

Utilities 6 5.9 

Construction 486.77 485.2 

Manufacturing 248.03 244.48 

Wholesale Trade 70.43 69.76 

Retail Trade 578.34 574.34 

Transportation and Warehousing 26.01 24.77 

Information 16.56 15.93 

Finance and Insurance 69.09 67.23 

Real Estate and Rental and Leasing 50.11 48.49 

Professional and Technical Services 114.53 111.57 

Management of Companies and Enterprises 10.77 10.53 

Administrative and Waste Services 134.7 133.18 

Educational Services 19.24 18.59 

Health Care and Social Assistance 123.29 119.19 

Arts, Entertainment, and Recreation 22.58 21.12 

Accommodation and Food Services 70.56 68.27 

Other Services, except Public Administration 122.12 116.97 

Total 2,173 2,137 

Source: L. William Seidman Research Institute, W. P. Carey School of Business, Arizona State University 

Table 3: Summary of Gross State Product and Real Disposable Personal Income Impacts for One Year 

Impact Type Initial Year 

Impact 

Gross State Product (Millions 2012 $) 

Arizona 196.0 

Maricopa County 193.0 

Host County as Percentage of Arizona 98.4% 

Real Disposable Personal Income (Millions 2012 $) 

Arizona 94.6 

Maricopa County 90.6 

Host County as Percentage of Arizona 95 .8% 

Source: L. William Seidman Research Institute, W. P. Carey School of Business, Arizona State University 
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Table 4: Summary of Adjusted State Revenue Impacts for One Year 

Income General Selective Corporate Rese Total 

Tax Sales Tax Sales Tax Income (Millions (Millions 

(Millions (Millions (Millions Tax 2012 $) 2012 $) 

2012 $) 2012 $) 2012 $) (Millions 

2012 $) 

Arizona 1.94 3.50 0.99 0.42 3.71 10.56 

Maricopa County 1.85 3.41 0.96 0.41 3.53 10.16 

Source: L. William Seidman Research Institute, W. P. Carey School of Business, Arizona State University 

4. Conclusions and Recommendations 

The goal of this study has been to estimate the impact of the City of Phoenix Fire Department's 

successful commercial fire interventions on the local economy at a state and county level. 

Focusing on eight fire interventions affecting at least thirteen commercial businesses from June 1 to 

August 31, 2012, the study has estimated the impacts for the local economy in terms of employment, 

gross state product, real disposable income, and adjusted state tax revenues . 

If the City of Phoenix Fire Department had been unable to successfully intervene at these eight 

commercial fires, the State of Arizona could have lost up to 2,322 full -time (or equivalent) jobs -

including government and farm workers - over the subsequent 12 months. The State of Arizona could 

also have lost approximately $196 million GSP, $94.6 million RDPI, and $10.6 million in adjusted state 

tax revenues. 

Maricopa County, as the host county, could have suffered the most. Estimated losses over the year 

could include up to 2,280 full-time (or equivalent) jobs for all sectors, including government and farm 

workers, approximately $193 million GSP, $90.6 million RDPI, and $10.2 million in adjusted state tax 

revenues. 

7 Rest includes license taxes, other taxes, misce llaneous genera l revenue, util ity revenue, liquor store revenue, insurance trust 
revenue, intergovernmental revenue and current charges. 
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If this three month time horizon is representative of the number and type of City of Phoenix Fire 

Department commercial fire interventions for a full calendar year, it is reasonable to conclude that the 

Fire Department exerts a significant impact on the local economy at both a state and county level. 

Seidman therefore recommends additional economic analysis of commercial fire interventions for other 

three-month time horizons to ensure the representativeness of the study sample, prior to the inclusion 

of an economic KPI to further demonstrate the Fire Department's value to City officials and the wider 

community. 

The City of Phoenix Fire Department also offers much more than commercial fire interventions. The 

sourcing of appropriate data inputs from successful single-family and multi-family residential fire 

interventions for economic analyses poses greater challenges than commercial interventions. However, 

if an appropriate solution or way forward can be found, the economic impact of the City of the Phoenix 

Fire Department's successful interventions could be even greater. 
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Appendix 

A.l. Inputs Provided by Client 

The following data was sourced by the City of Phoenix Fire Department's investigators after their 

successful commercial fire interventions. The responses from all thirteen businesses and organizations 

affected by the fires have been grouped by industry or sector. Four of the thirteen businesses and 

organizations failed to disclose thei r average sa lary. REMI's pre-programmed average salary for those 

types of company in Maricopa County has therefore been applied to enable quantification of the 

impacts. 

Sector Annual Direct Average Salary Total 

Full-Time per Employee Revenue/Sales 

(or Equivalent) (2012 $) (2012 $) 

Employment 

Administrative and Support Services 

Construction 

Food Manufacturing 

Membership Associations and 

Organizations Not available for public disclosure 

Monetary Authorities due to the commercially sensitive nature of the data 

Personal and Laundry Services 

Primary Metal Manufacturing 

Retail Trade 

Wood Product Manufacturing 

Total 545 $35,978 $179,827,000 

Source: City of Phoenix Fire Department 

A.2. The REMI Model 

REMI is an economic-demographic forecast ing and simulation model developed by Regional Economic 

Models, Inc. REMI is designed to forecast the impact of public policies and external events on an 

economy and its population. The REM I model is recognized by the business and academic community as 

the lead ing regional forecast/simulation tool available. 
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Unlike most other regional economic impact models, REMI is a dynamic model that produces integrated 

multi-year forecasts and accounts for dynamic feedbacks among its economic and demographic 

variables. The REM I model is also an "open" model in that it explicitly accounts for trade and migration 

flows in and out of the state. A complete explanation of the model and discussion of the empirical 

estimation ofthe parameters/equations can be found at www.remi.com. 

The operation ofthe REM I model has been developed to facilitate the simulation of policy changes, such 

as a tax increase for example, or many other types of events - anything from the opening of a new 

business to closure of a military base to a natural disaster. The model's construction includes a large set 

of policy variables that are under the control of the model 's operators. To simulate the impact of a 

policy change or other event, a change in one or more of the policy variables is entered into the model 

and a new forecast is generated. The REMI model then automatically produces a detailed set of 

simulation results showing the differences in the values of each economic variable between the control 

and the alternative forecast. 

The specific REM I model used for this analysis was Policy Insight Model Version PI+ version 1.3.13 of the 

Arizona economy (at the county level) leased from Regional Economic Models Inc. by a consortium of 

State agencies, including Arizona State University, for economic forecasting and policy ana lysis. 

A.3. Effects Not Incorporated into the Analysis 

No major commercial impacts were omitted. 
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WASHINGTON D.C.--A landmark study issued today by th e U.S. Department of Commerce's National Inst itu te 

of Stan dards and Technology (NIST) shows that the size of firefighting crews has a substantial effect on the 

fire service's ability to protect lives and property in residential fires. 

Performed by a broad coalition in the scientific, firefighting and public-safety comm unities, the study found 

that four-person firefighting crews were able to complete 22 essential firefighting an d rescue tasks in a typical 

residentia l structure 30 percent faster than two-person crews and 25 percent faster than three-person 

crews. 

The report is the first to quantify the effects of crew sizes and arrival t imes on the fire service's lifesaving and 

firefighting operations for residential fires. Until now, little scientific data have been available. 

"Th e resu lts from th is rigorous scientific study on the most common and deadly fires in t he country-those in 

single-family residences-provide quantitative data to fire chiefs and public officials responsible for 

determining safe staffing levels, station locations and appropriate funding for community and firefighter 

safety," said NIST's Jason Averi ll , one of the study's principal investigators . 

The four-person crews were able to deliver water to a similar-sized fire 15 percent faster than the two-person 

crews and 6 percent faster than three-person crews, steps that help to reduce property damage and lower 

danger to the firefighters. 

"Fire risks grow exponentially . Each minute of delay is critica l to the safety of the occupants and firefighters, 

and is directly related to property damage," said Averill, who leads NIST's Engineered Fire Safety Group within 

its Building and Fire Research Laboratory. 
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"Our experiments directly address two primary objectives of the fire service: extinguishing the fire and 

rescuing occupants," said Lori Moore-Merrell of the International Association of Fire Fighters (IAFF) and a 

principal investigator on the study. 

The four-person crews were able to complete search and rescue 30 percent faster than two-person crews and 

5 percent faster than three-person crews, Moore-Merrell explained. Five-person crews were faster than four­

person crews in several key tasks. The benefits of five-person crews have also been documented by other 

researchers for fires in medium- and high-hazard structures, such as high-rise buildings, commercial 

properties, factories and warehouses. 

This study explored fires in a residential structure, where the vast majority of fatal fires occur. The 

researchers built a "low-hazard" structure as described in National Fire Protection Association Standard 1710 

(N FPA 1710), a consensus standard that provides guidance on the deployment of career firefighters. The two­

story, 2000-square-foot test facility was constructed at the Montgomery County Public Safety Tra ining 

Academy in Rockville, Md.Fire crews from Montgomery County, Md., and Fairfax County, Va., responded to 

live fires with in this facility. 

A fire fighter conducts a second-story ventilation at a 

controlled fire during a fire fighter safety and 

resource deployment study funded by the U.S. 

Department of Homeland Security and led by the 

National Institute of Standards and Technology. 

Credit: International Association of Fire Fighters 

thousands more are injured. 

NIST researchers and their collaborators conducted more 

than 60 controlled fire experiments to determine the 

relative effects of crew size, the arrival time of the first fire 

crews, and the "stagger," or spacing, between the arrivals 

of successive waves of fire-fighting apparatus (vehicles and 

equipment). The stagger time simu lates the typically later 

anrival of crews from more distant stations as compared to 

crews from more nearby stations. 

Crews of two, three, four and five firefighters were timed as 

they performed 22 standard firefighting and rescue tasks to 

extinguish a live fire in the test facility. Those standard 

tasks included occupant search and rescue, time to put 

water on fi re, and laddering and ventilation. Apparatus 

anrival time, the stagger between apparatus, and crew sizes 

were varied. 

The United States Fire Administration reported that 

403,000 residential structure fires killed close to 3,000 

people in 2008-accounting for approximately 84 percent of 

all fire deaths-and injured about 13,500. Direct costs from 

these fires were about $8 .5 billion. Annually, firefighter 

deaths have remained steady at around 100, while tens of 

Researchers also performed simulations using NIST's Fire Dynamic Simulator to examine how the Interior 

conditions change for trapped occupants and the firefighters if the fire develops more slowly or more rapidly 

than observed in the actual experiments. 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. 

Additiona lly, the modeling demonstrated that trapped occupants receive less exposure to toxic combustion 

products- such as carbon monoxide and carbon dioxide-if the firefighters arrive earlier and involve three or 

more persons per crew. 

"The results of the field experiments apply only to fires in low-hazard residential structures as described in the 

NFPA Standard 1710, but it provides a strong starting point," said Moore-Merrell. Future research could 

extend the findings of the report to quantify the effects of crew size and apparatus arrival times in medium­

and high-hazard structures, she said. 

The next step for this research team is to develop a training package for firefighters and public officials that 

would enable them to have both quantitative and qualitative understanding of the research, a project also 

funded by FEMA's Assistance to Firefighters Grant Program. 

The study's principal investigators were Averill, Moore-Merrell and Kathy Notarianni of Worcester Polytechn ic 

Institute. other organizations participating in this research include the International Association of Fire 

Chiefs, the Commission on Fire Accreditation International-RISK and the Urban Institute. 

The report was funded by the U.S. Department of Homeland Security, Federal Emergency Management 

Agency's (FEMA) Assistance to Firefighters Grant Program and released today in Washington, D.C., before the 

start of the annual Congressional Fire Services Institute meeting that draws top fire safety officials from 

across the nation. 

The Report on Residential Fireground Field Experiments, NIST Technica l Note 1661, can be downloaded here. 

Founded in 1901, NIST is a non regulatory agency of the Commerce Department that promotes U.S. 

innovation and industrial competitiveness by advancing measurement science, standards and technology in 
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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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Abstract 

• s ervice 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 frre. 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 
Rocl'Ville, 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 . 
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Executive Summary 

Both the increasing demands on the fire service - such as the 
growing number of Emergency Medical 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. To meet 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), and Worcester Polytechnic 
Institute (WPI) was formed to conduct a multiphase 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) I Federal Emergency Management Agency 
(FEMA) Grant Program Directorate for Assistance to Firefighters 
Grant Program- Fire Prevention and Safety Grants. In addition to 
the low-hazard residential fireground experiments described in this 
report, the multiple 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 bum 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 frres, 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 o/o 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 o/o- than the two-person crews. The 
four-person crews completed the same number of fireground 
tasks (on average) 5.1 minutes faster- nearly 25 o/o- 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 defrned 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, o:plosive plants, refineries, high-rise buildings, and other highlife hazard or large fire potential occupancies. 
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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 additional6% 
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 additional6% 
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 byNFPA 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 rate\ 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 dearly 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 (two minutes 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 e~aine 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 fmdings 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. 

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. 
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Background 

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 

12 

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. 

• 

• 



Problem 

•o espite 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 . 
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Review of Literature 

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 oflocal 
departments have supported this conclusion using a diverse 
collection of data, including a report by the National Fire 
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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 



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 oflarge 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 frre 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 tum 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 instnunentation 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 

• 5 NFPA is a registered trademark of the National Fire Protection Association, Quincy, Massachusetts. NFPA 1710 deEnes 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 ofNFPA 1710 was the current edition. 
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Purpose and Scope of the Study 

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 multi phase 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: 

8 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) 

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

16 

The scope of this study is limited to understanding the relative • 
influence of deployment variables on low-hazard, residential 
structure frres, 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 
(186m2) 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. 

• 

• 



A Brief Overview of the Fireground Operations 
• R egardless 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 fue 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 

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 0. White, Director of Federal-State Operations, U.S. Department of Labor, Occupational Safety & Health 
Administration, November 1, 1995. 
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the compartment, with results for occupants, even firefighters in 
full gear, that are frequently deadly. 

Successful containment and control of a fire require the 

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 
non experimental fire situation, salvageable property would 
be covered or removed to minimize damage.) 

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 

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 1,000° F (538° 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 

,. .. ,. .. ,. .. ,. .. ,. 
Ignition of Notification Dispn\ch of Fire Fire 

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 
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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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Part 1: Planning for the Field Experiments 
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.1 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 

Figure 2: Test Burn of Pallets in Laboratory 

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 

• 

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 

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 

• 
7 NFPA 1403 contains the minimum requirements for training all lire suppression peronnel engaged in firefighting operations under live fire conditions. 
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Part 2: Field Experiment Methods 
• department response characteristics. 

In part 2, fire experiments were conducted in a residential-scale 
burn 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 (186m2), 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 

Figure 3: Exterior View of Bum Prop 

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 slighdy 
reduced the ceiling height. 
Complete details about the 
building construction are included 
in Appendix C. 

Noncombustible furniture (angle 
iron and gypsum board 
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. 
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Overview of Field Experiments 
In order to evaluate the performance representative of a NFPA 

171 a-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 from Montgomery County (MD) and Fairfax 
County (VA) Fire Departments simulated an initial alarm assignment 
response to a structure described in NFPA 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 

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 Tnne-to-Task Experiments 

• 

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 bum 
prop. Suppression was 
performed with an interior 
remote suppression device 
operated from the exterior of the 
bum prop. 

.... ~ 
I Table I • 

Instrumentation 
Instrumentation to measure 

0 
0 

LL 

,_ 
0 
0 

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 LL 

computer-based data acquisition -g 
system. Figure 6 presents a 0 

u 
schematic plan view of the (!) 

V'l 
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 
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Figure 7: Fireground Safety Officer ·------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. 

Figure 8: Crew Rehabilitation 

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 (RlT), 
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 28ft (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. 

23 



Time-to-Task Experiments 
On-Scene Fire Department Tasks 

Crew Size Apparatus Stagger 

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) 

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

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 

• 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) 

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 

• 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 

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. 

8 Techni~ experts includ~d Dennis C~mpton, Russell Sanders, William "Shorty" Bryson, Vincent Dunn, David Rohr, Richard Bowers, Michael Clemens, James Walsh, 
Larry Jenkins and Doug Hinkle. More mformation about the experts is presented in the Acknowledgments later in this repor t. 
~Note that the on-scene totals account for only the personnel assigned to "work" the frre. Additional personnel were provided for an RIT team, a staffed ambulance on 

s1te, and a safety officer specific to the experiments. The additional personnel are not included in thee staffing described above. 
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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. 

Figure 9: Crew Orientation and Walkthrough 

Figure 1 0: Ground Ladders Figure 11: Ventilation 

Figure 12: Ground Level Window Breakage Prop Figure 13: Second Story Window Breakage Prop 

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

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

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 

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

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 Figure 20: Task Timers 

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, 

Figure 21: Video Recording for Quality Control 

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 fireg1·ound (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. 
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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. 60s for recognition (detection of fire) and call to 9-1-1 
3. 60s for call processing/dispatch 
4. 60 s for turnout10_ 

5. Close Stagger = 240 s travel time FIRST engine with 
60s ladder-truck lag and 90s 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 slag 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. 

l 0 After the experiments were complete, the NFPA 1710 technical co=ittee released a new edition of the standard that prescribes 80 seconds for turnout time. 
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---- - ------------------------------------------------------------------------, 

Part 3: Room and Contents Fires 

• A previously discussed, 
NFPA 1403 prohibits 
rrefighters 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 

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

• 
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 #l ventilated (burn room window) 
4. Second floor window #2 ventilated (front window, near 

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

door) 
6. First floor window #l 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 15° 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 

Figure 22: Remotely Controlled Fire Suppression Nozzle for Room 
and Contents Fires 

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. 

Figure 23: Supplemental Suppression Applied for Room and 
Contents Tests 
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7:2 Drawer Dressel" 

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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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 nun) 
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 



- -- --- - - - -------- - ---------~ 

Crew Size First Due Arrival nme 

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) 

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 dose stagger (60 seconds) 
between subsequent apparatus 
times was used. 

• 
"' 

• ""'"' 
Figure 26: Direct Comparison of Temperatures, 
Before (Top) and After Adjustment (Bottom) 

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 oq 
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 oflack 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. 
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Milestone Tasks 2-Person Close Stagger 

Time from ignition (min : s) 

Breached Door • Water On Fire 

Fire Window 

Front Door Window 

Time from ignition (min : s) 

Breached Door 

Water On Fire 

FireWmdow H:26 

Time from ignition (min : s} • 
Breached Door 

Water On Fire 

Fire Window 

Time from ignition (min : s} 

Breached Door 

Water On Fire 

FireWmdow 10:11 

10: 

Corner Wmdow 1 

Front Door Window 12. • Ground Fire Window 

Table 4: Tasks That Affect Fire Behavior and Atmospheric Tenability 
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Analysis of Experimental Results 

• 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: 
Yt -f3o +f3tx,l +{32x,2 + .. . +f3,xa: +E1 

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 

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 bum 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 

• (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. 
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Venting Time 
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Figure 28: Example Time-to-Task Graph 

Time-to-Task Outcome Measures 

Task: Elapsed Time Until Elapsed Time for Task Duration* 
Start• Completion • 

Conduct size-up X X X 
Position attack line X X 
Establish 2 in - 2 out X 
Establish RIT X 
Gain forced entry X 
Advance line X 
Advance line X 
Advance backup line to door X X 
Advance backup line to stairwell X 
Advance backup line 2 X 
Conduct primary search 1 X 
Ground ladders in place X X 
Horizontal ventilation, second story, window 3 X X 

Horizontal ventilation, second story, window 2 X X 

Horizontal ventilation, second sto·ry, winc!ow 1 X X 

Horizontal ventilation, first story, window 2 X X 

Control utilities interior X 
Control utilities exterior X 
Conduct secondary search X 
Check for fire extension walls X 
Check for fire -extension c_eiling X 

*The columns of this table show the dependent variables, and the rows indicate the Tasks; an 'X' in a cell indicates that a 
separate regression analysis was conducte~ for a &iven dependent variable. 

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



Time-to-Task Graphs 
Overall Scene Time (Time to 
Complete All22 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 

Overall Scene Time 

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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Overall Scene Time and 
Crew Sizes 

The graphs in Figure 30 show 
average times for each task by 
crew size. 
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Advance Attack Line 
Time (Hose Stretch Time) 

Q-20:00 

0:16:00 

0:12:00 

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

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

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." 
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Primary Search 
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Figure 34: Times to Conduct Primary Search by Crew Size 

• 
14 Stagger was not significant, so data from dose and far were combined to increase statistical power. 
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ladderingTime 
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Figure 35: Laddering Time by Crew Size 

• Venting Time 
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0:00:00 
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• Figure 36: Ventilation Times by Crew Size18 

15 Stagger was not statistically significant, so the data for crew size were combined. 

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 (186m2), the three-person 
crew started a primary 
search/rescue more than 25 o/o 
faster than the two-person 
crew. In the same structure, 
the four- and five-person crews 
started a primary search 6 o/o 
faster than the three-person 
crews and 30 o/o 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 o/o faster than a 
two-person crew and 25 o/o 
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 . 
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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 IS and I7, 
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 IS 
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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Industry Standard Effective Response Force Assembly Time 
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Figure 37: Industry Standard Effective Response Force Assembly Time 

16 Stagger was not statistically significant, so the data for far and near stagger were combined. 
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Part 4: Fire Modeling 

·~ n the room and contents 
experiments 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 

•

hove the floor, 3ft (0.9 m) 
om 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). 
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Figure 38: Representative Oxygen Concentration 
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Figure 40: Measured vs. Predicted Temperature at the 2.1 m (6.9 ft) 
Thermocouple Location in the Bum Compartment 
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Figure 42: Measured vs. Predicted Temperature at the 1.5 m (4.9 ft) 
Thermocouple Location in the Bum Compartment 
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Figure 44: Measured vs. Predicted Temperature at the 0.9 m (2.9 ft) 
Thermocouple Location in the Burn Compartment 

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. 
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Figure 41: Measured vs. Predicted Temperature at the 1.8 m (5.9 ft) 
Thermocouple Location in the Bum Compartment 
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Figure 43: Measured vs. Predicted Temperature at the 1.2 m (3.9 ft) 
Thermocouple Location in the Bum Compartment 
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Figure 45: Measured vs. Predicted Temperature at the 0.6 m (1 .9 ft) 
Thermocouple Location in the Burn Compartment 
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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 



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 
ga~es 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, 

25 

20 

~ 15 

s 

0 

0 200 400 600 
Time(s) 

800 1,000 1,200 

simulations were performed to 
replicate the experimental 
results observed in the 
room-and-contents fires. 

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

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. 

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 tenabil ity 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 
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Figure 49: Measured vs. Predicted Temperature at the 1.8 m (5.9 ft) 
Thermocouple Location in the Bedroom 
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Figure 51: Measured vs. Predicted Temperature at the 1.2 m (3.9 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. 
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Figure 48: Measured vs. Predicted Temperature at the 2.1 m (6.8 ft) 
Thermocouple Location in the Bedroom 
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Figure 50: Measured vs. Predicted Temperature at the 1.5 m (4.9 ft) 
Thermocouple Location in the Bedroom 
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Figure 52: Measured vs. Predicted Temperature at the 0.9 m (2.9 ft) 
Thermocouple Location in the Bedroom 

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 12ft (3.7 m) by 16ft (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. 

• 

• 

• 



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 

~- ~--

Fire Growth Rate 

Slow 

Medium 

Fast 

-- -

Time in Seconds Time in Seconds to 
Reach 1 MW Reach to 2 MW 

600 848 

300 424 

150 212 

baseline heat release rate for the 
simulation. Intervention times 
(window and door opening times 

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

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 effiuent. The formulation used in the 

Deployment 
Configuration 

{All times with 
close stagger adjusted 
for early and late arrival 

of first due engine) 

2-Person Early 

3-Person Early 

4-Person Early 

5-Person Early 

2-Person Late 

3-Person Late 

4-Person Late 

Rescue Time for 
Deployment 

Configuration 
(Min: Sec) 

12:47 

9:03 

9:10 

8:57 

14:47 

11:03 

11:10 

Table 6: Rescue Time for Different Deployment Configurations 

17 See the following sections of ISO Document 13571: 

simulations accounts for carbon monoxide (CO), carbon dioxide 
( C02), and oxygen ( 0 2) depletion. Other gases, including hydrogen 
cyanide (HCN) and hydrogen chloride (HQ), were not accounted 
for in this analysis and may alter FED for an actual occupant 

n C 
FED= ~T--).M 

f:( '-c, j 
Eq.1 

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

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 o/o 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 

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 

•

verage susceptibility incapable of effecting their own escape. The variability of human responses to toxicological insults is best represented by a distribution that takes 
nto account varying susceptibility to the insult. Some people are more sensitive than the average, while others may be more resistant (see Annex A.l.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 sub populations. 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 occup~cies 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. 
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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 
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Figure 54: FED Curves for Early Arrival for All Crew Sizes at 
Slow-Growth Fires 
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Figure 55: Average FED Curves for Early Arrival for All Crew Sizes 
at Medium-Growth Fires 
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Remote Room Tenability for Fast Fires 
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Figure 56: Average FED Curves for Early Arrival for All Crew Sizes 
at Fast-Growth Fires 

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 

25 

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. 

- - - -- -------·--

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

(Min: Sec) Slow-Growth Fires 

2-Person, Late Arrival 14:26 2.1MW 

2-Person, Early Arrival 12:26 1.5MW 

3-Person, Late Arrival 13:24 1.8MW 

3-Person, Early Arrival 11:24 1.3MW 

4-Person, Late Arrival 13:11 1.7MW 

4-Person, Early Arrival 11:11 1.3MW 

5-Person, Late Arrival 12:33 1.6MW 

5-Person, Early Arrival 10:33 l.lMW 

Table 9: Ftre Size at Time of Fire Suppression 

49 



Physiological Effects of Crew Size on Firefighters 

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. 
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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. 

• 

• 



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 wall1:hrough 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 o/o - 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 additional6% 
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 additional6 o/o 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 o/o faster than the two-person crew and 25 o/o 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 o/o 
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 o/o 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. 

18 NFPA Standard 1710 - A.5.2.4.2.1 ... Other occupancies and structures in the co= unity 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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Future Research 

I n order to realize a significant reduction in firefighter 
line-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. 
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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. 
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subsequent peak heat release 
rate 

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

• 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 (3m x 2m) 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-2. Pallets and Excelsior Ignition Source 
Used as a Fuel Source 
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Table A-1. Tests Conducted and Ambient Conditions 
at Beginning of Each Test 

Test Test Type Number Ignition Total Excelsior 
of Scenario Pallet Mass 

Pallets Mass (kg) 
(kg) 

PAL1 Freeburn 4 Fast 79·3 8.1 

PAL2 Freeburn 6 Fast 118.8 15·1 

PAL3 Freeburn 8 Fast 146·7 16.2 

PAL4 Freeburn 4 Slow 51.0 1.65 

PALs Freeburn 6 Slow 160.3 o.85 

CRA1 Compartment 6 Slow 114.0 0.83 

CRA2 Compartment 4 Slow 69·7 
CRA3 Compartment 4 Fast 71.1 0.8 

CRA4 Compartment 4 Slow 73·9 0.83 

CRA5 Compartment 4 Slow 73-8 o.85 

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 

Measurements Conducted 
Heat release rate (HRR) was measured in all tests. HRR 

measurements were conducted under the 3 m by 3m 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 
(02, C02 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 o/o, 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± 4.4° C. (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 o/o. 

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 rnm diameter Schmidt-Boelter type, 
water cooled gauges with embedded type-K thermocouples (see 
Figure A-4). The manufacturer reports a± 3 o/o expanded 
uncertainty in the response calibration (the slope in kW/m2/mV). 
Calibrations at the NIST facility have varied within an additional 
± 3 o/o of manufacturer's calibration. For this study, an uncertainty 
of ± 6 o/o is estimated. 

Figure A-4: Heat Flux Gauge with Radiation Shielding 

• 



• 

• 

Test Test Type Number Ignition Peak Time to 
of Scenario HRR Peak 

Pallets (kW) HRR(s) 

PAL Freeburn 4 Fast 2144 205 
1 

PAL Free burn 6 Fast 2961 320 
2 

PAL Free burn 8 Fast 3551 301 
3 

PAL Freeburn 4 Slow 1889 385 
4 

PAL Free burn 6 Slow 2410 986 
5 

CRA Compartment 6 Slow 1705 1102 
1 

CRA Compartment 4 Slow 1583 649 
2 

CRA Compartment 4 Fast 1959 159 
3 

CRA Compartment 4 Slow 1620 775 
4 

CRA Compartment 4 Slow 1390 927 
5 

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

PALl 

PAL3 

Figure A-5. Free-Burn Experiments Near Time of Peak Burning 

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-ll through FigureA-15 shows the gas temperature, 
major gas species concentrations, and heat flux in the burn 
compartment and target compartment in the five compartment 
tests. 

PAL2 

PAL4 
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Figure A-6. Example Fire Progression from Test CRA 1 

Slow Ignition Scenario 
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6 Pallets, Slew Ignition Scenario, Burn Room 
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4 Pallets, Slow Ignition Scenario, Burn Room 
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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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APPENDIX B: Designing Fuel Packages for Field Experiments 

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)) 

~ 
~ n lli 

jj!i [JJJ ~I u !IIJ :m 

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. 

-Temperature at t=0.2 s Temperature at t =30 s Temperature at t=6o s 

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 

T:- 1%00 ·--=========:::J 
Temperature at t=120 s Temperature at t=240 s 

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. 

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

-Smoke density at t=0.2 s Smoke density at t=30 s Smoke density at t =6o s 
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Figure B-2: Time-dependent smoke density contours in field structure with fast growth fire 



APPENDIX C: Temporary Burn Prop Construction and Instrumentation 

• T hrough 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 m 2

) floors 
totaling 4,000 ft. 2 <372 m2

). An exterior view of two sides of the 
burn prop is shown in Figure C-l. 

Additional partitions were installed by NIST staff to create a 
floor plan representative of a two-story, 186m2 (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. 

Emergency Exit 
~----------- 19.20m 

o T 

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

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 

Emergency Exit level and second levels were 4 in. 
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(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 1h 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. 
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Figure C-2: Dimensions of the Burn Prop Floor Plan 

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 1h 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 
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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. 

12' 9'' 

Bottom Chord 

Windows and exterior doors were constructed to be • 
non-combustible. Windows were fabricated from 0.25 in. (10 

Top Chord 

Figure C-3: Structural Steel Dimensions 

mentioned is the result of the two additional sheets of cement 
board. The burn compartment walls were constructed from a 
single layer of 1h 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 

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 bum prop windows as 
well as the NFPA 1403-compliant latch mechanism. Figure C-7 is 
a picture of the interior of the bum 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 I son 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 

Figure C-4: Fireproofing added to structural steel Figure C-5: Additional construction of burn room 

walls and ceiling and deluge sprinkler head. 

( 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 
bum compartments, seven 3.2 
m.m (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-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 bum 
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. 

Table C-1: Detailed locations of instruments within respective rooms 

Floor Instrument Xs[m] Ys[m] Zs[m] XN[m] YN[m] ZN[m] Xc[m] Yc[m] Zc[m] 

1 Thermocouple 0.76 0.51 0.3, 0.61 , 0.76 0.51 0.3, 0.61 , Find Find 0.91 , 
0.91 , 1.22, 0.91 , 1.22, 1.52, 
1.52, 1.83, 1.52, 1.83, 2.41 

2.13 2.13 

HF Gauge 1 N/A 0.91 0 .91 0.17 

HF Gauge2 0.5 0.66 1 

2 Thermocouple 1.83 0.91 0.3, 0.61 , 1.83 0.91 0.3, 0.61 , 
0.91 , 1.22, 0.91 , 1.22, 
1.52, 1.83, 1.52, 1.83, N/A 
2.13, 2.41 2.13, 2.41 

Smoke Meter 1.7 0.49 1.52 1.64 0.43 1.5 

Gas Probe 1.83 0.91 1.7 1.83 0.91 1.52 
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Figure C-9: Burn Room Thermocouple Array Figure C-10: Target Room Instrument Cluster 

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. 

Figure C-11: Non-combustible "Prop" Table 

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. 

• 
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Outside Inside 
Figure C-12: Instrumentation Room 

Table C-2: Dimensions and Mass of Furniture for Room and Contents Tests 

Furniture Width [m] Depth Height [m] Mass [kg] Material 
[m] 

Couch 1.8 0.8 0.9 58.1 See D-3 
Dresser 1.8 0.5 0.6 72.3 Laminated Particle • Board 

Nightstand 0.5 0.6 0.61 22.7 Laminated Particle 
Board 

Chair 0.5 0.7 0.6 9.2 Wood, Fabric, and 
Polyurethane Foam 

Back cushion= 0.1m, Bottom cushion= 0.07m 

Blanket 1.8 - 2.4 1.3 100% Cotton 

Body Pillow 0.5 - 1.4 1.3 100 % cotton cover, 
polyester fill 

Trash Can 0.4 0.3 0.4 1.3 . Polypropylene 

Towel 0.8 - 1.4 0.4 100% Cotton 

Wallboard 1.2 0.003 2.4 9.0 MDF 

Table C-3: Materials in Couch 

Body: Resinated dyed fiber (unknown material) 3% 

PU foam pad 46% 

Waste fiber batting (unknown material) 26% 

Polyester fiber batting 25% 

• Cushions: PU foam pad 86% 

Polyester fiber batting 14% 

73 



APPENDIX D: Data Collection and Company Protocols forTime-to-TaskTests 

Time-to-Task Data Collection Chart • Date ______ Start Time ____ End Time (all task complete) 

TimerNrune ___ ________________________ ___ 

Task Start Completion Duration 

Time Time 

Stop at Hydrant-- Wrap Hose 

Position Engine 1 

Conduct Size-up 

- 360 lap 
0 

- Transmit report 

- establish command 

Engage Pump 

Position attack line (stop time- at front door) 

Establish 2-in-2-out 

Charge Hydrant - supply attack • Engine 

Establish RIT 

Gain/Force Entry 

Advance Line (stop time -water on fire) 

Deploy Back up line (stop time at front door) 

Advance Back up line/protect stairwell (start 

time at front door - Stop at stairwell) 

Conduct Primary Search 

Ground Ladders in Place 

Horizontal Ventilation (ground) 

Horizontal Ventilation (2na story) 

Control Utilities (interior) 

Control Utilities (exterior) 

Conduct Secondary Search 

Check for Fire Extension (walls) • Check for Fire Extension (ceiling) 

Mechanical Ventilation 
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Company Protocols: Crew Size of 2 
(10 total personnel on scene) 

. PLUS 4 RIC -1403 = total14 needed 

Tasks/Company Engine 1/2 Truck 1/2 Engine 2/2 Battalion Chief/ Aide Engine 3/2 

Arrive on Scene -Arrives 
-Assumes Command 

- Arrive/ stop at hydrant - Evaluates Resources 
Driver - Establishes 

- Position engine 
-Arrive Command post 

-360° lap - Evaluates exposure 

- Layout report 
problems 

- Directs hose 

- On-scene report positioning 
- Coordinates Units 

- Conduct size-up - 360° -Transmits 

lap - incident action plan- offensive Officer Progress reports 
-detail incident (situation report) - - Changes strategy 

- Orders, records, and 
- Transmit size-up to responding units transmits results of 

- Transfer command to chief 
primary and 
secondary searches 

- Declares fire under 
control 

• Establish Supply line 
-Dry Lay- 2nd 

-Hydrant-Drop line (wrap) engine takes 

Driver/0 hydrant 
- Position engine Position Truck 

Driver/0 -Charged 
- Pump engaged hydrant 

Driver/0 
- 4" straight lay - Supply attack 

engine 
- ----------------

- Supply attack engine Driver 

Position attack line 
Officer- (Not 

-Flake interior-just 
front door) 

- Charge 

-Bleed 
- ----------------
- Advance Officer Officer 

Establish - 2 in - 2 out 

• (Initial RIT) OlD 

Establish RIT 

(Dedicated) 
OlD (performs 
all RIT duties) 
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Tasks/Company Engine 1/2 Truck 1/2 Engine 2/2 Battalion Chief/ Aide Engine 3/2 

Gain/ Force Entry 0/D • 
Advance Line Officer Officer 
- scan search fire room (if officer commits 
- suppression then he must pass 

command) 

Deploy Back-up Line and protect OlD 
stairwell 

Complete Primary Search OlD 
(in combo with Fire Attack) 

Search Fire Floor 

Search other Floors 

Ventilation Driver/Officer 

(vent for fire or vent for life) 

- Horizontal 
-Ventilation 

Ground Laddering - 2nd story Driver /Officer 

windows, front and side, for • firefighter means of egress and for 
vertical ventilation - 24' /28' and 
roofladder in case of vertical vent. 

Control Utilities 

(Interior and exterior) Driver/Officer 

Conduct Secondary Search Officer Officer 

- Search Fire Floors 

- Search other Floors 

Check for Fire Extension 

Open ceiling walls near fire on fire Officer Officer 
floor 

Check floor above for fire OlD 
extension 

- wall breech 

- ceiling breech • Mechanical Ventilation Driver/Officer 
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Company Protocols: Crew Size of 3 
(14 total personnel on scene) 

PLUS 4 RIC - 1403 = total 18 needed 

Tasks/Company Engine 1/3 Truck 1 /3 Engine 2/3 Battalion Chief/ Aide Engine 3/2 

Arrive on Scene -Arrive -Arrives 
- Assumes Command 

-Arrive/ stop at hydrant Driver - 360 degree lap - Evaluates Resources 
- Establishes 

- Position engine Command post 
- Evaluates exposure 

- Layout report 
problems 

- Directs hose 

- On-scene report positioning 
- Coordinates Units 

- Conduct size-up- 360° Officer -Transmits 

lap - incident action plan - offensive - Progress reports 
-detail incident (situation report) - Changes strategy 

- Orders, records, and 
- Transmit size-up to responding units transmits results of 

- Transfer command to chief 
primary and 
secondary searches 

- Declares fire under 
control 

Establish Supply line Driver Position Truck Dry Lay-2nd 
engine takes 

-Hydrant-Drop line (wrap) Driver hydrant 

- Position engine Driver Charged 
hydrant-

- Pump engaged 
Supply attack 

- 4" straight lay engine 

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

- Supply attack engine Driver 

Position attack line DIRB 

-Flake 

-Charge 

-Bleed 

-Advance 

Establish - 2 in - 2 out 0/RB 

(Initial RIT) 

Establish RIT 0/RB- advance 
by foot to get to 

(Dedicated) point of entry-
performs all RIT 
duties 77 



Tasks/Company Engine 1/3 Truck 1/3 Engine 2/3 Battalion Chief/ Aide Engine 3/3 

Gain/ Force Entry 0/RB 

Advance Line 0/RB 
- scan search fire room (if officer commits 
- suppression then he must pass 

rommllnd) 
Deploy R~rl<-'lP Line and 0/RB 
protect stairwell 

Complete Primary Search 0/RB 
(in combo with Fire Attack) 

-
Search Fire Floor 

Search other Floors 

Ventilation Driver Driver 
(vent for fire or vent for life) 

- Horizontal 
- Ventilation 

Ground Laddering- 2nd story Driver Driver 
windows, front and side, for 
firefighter means of egress and for 
vertical ventilation- 24'/28' and 
roofladder in case of vertical vent. • Control Utilities Driver (exterior: Driver 

(exterior) 
(Interior and exterior) 0/RB (Interior) 

Conduct Secondary Search 0/RB 

- Search Fire Floors 

- Search other Floors 

Check for Fire Extension 0/RB 

Open ceiling walls near fire on fire 
floor 

Check floor above for fire 
extension 

- wall breech 

- ceiling breech 0/RB 

Mechanical Ventilation Driver Driver 

• 
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Company Protocols: Crew Size of 4 
Total on scene = 18 

• PLUS 4 RIC - 1403 = total 22 needed 

Tasks/Company Engine 1/4 Truck 1/4 Engine 2/4 Battalion Chief/ Aide Engine 3/4 

Arrive on Scene Driver -Arrive -Arrives 
- Assumes Command 

- Arrive/ stop at hydrant - 360 degree lap - Evaluates Resources 
- Establishes 

- Position engine Command post 
- Evaluates exposure 

- Layout report 
problems 

- Directs hose 

- On-scene report positioning 
- Coordinates Units 

- Conduct size-up- 360° Officer -Transmits 

lap -incident action plan- offensive - Progress reports 
-detail incident (situation report) - Changes strategy 

- Orders, records, and 
-Transmit size-up to responding units transmits results of 

- Transfer command to chief 
primary and 
secondary searches 

- Declares fire under 
control 

• Establish Supply line Driver Position Truck -Dry Lay- 2nd 
engine takes 

- Hydrant-Drop line (wrap) Driver hydrant 

- Position engine Driver Charged 
hydrant-

- Pump engaged Supply attack 
engine 

- 4" straight lay 
Driver 

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

- Supply attack engine (1 3/4") 

Position attack line RB/Nozzle 

-Flake LB/Flake 

-Charge 

-Bleed Both advance line 
for fire attack 

- Advance 

Establish - 2 in - 2 out D/LB 

• (Initial RlT) 

Establish RIT 0/LB/llli--
advance by foot 

(Dedicated) to get to point of 
entry- performs 
all RlT duties 79 



Tasks/Company Engine 1/4 Truck 1/4 Battalion Chief/ Aide Engine 3/4 

Gain/ Force Entry 0/RB 

Advance Line RB/LB 
- scan search fire room Officer- not on lim 
- suppression (if officer commits 

then he must pass 
command) 

Deploy Back-up Line and 0/RB 
protect stairwell 

Complete Primary Search Officer and RB 
(in combo with Fire Attack) 

-
Search Fire Floor 

Search other Floors 

Ventilation Driver and LB 

- Horizontal 
-Ventilation 

Ground Laddering- 2nd story Driver /LB 
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 Driver/LB 
(control 

(Interior and exterior) 0/RB 
(control interior' 

Conduct Secondary Search D/LB 

- Search Fire Floors 

- Search other Floors 

Check for Fire Extension 0/RB 0/RB 

Open ceiling walls near fire on fire 
floor 

Check floor above for fire 
extension 

- wall breech • 
- ceiling breech 

Mechanical Ventilation D/LB 
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Company Protocols: Crew Size of 5 
0/0/LB/RB/CB Total on scene = 22 

• PLUS 4 RIC- 1403 =total 26 needed 

Tasks/Company Engine 1/5 Truck 1/5 Engine 2/5 Battalion Chief/ Aide Engine 3/4 

Arrive on Scene Driver -Arrive -Arrives 
-360 degree - Assumes Command 

- Arrive/ stop at hydrant Size up. - Evaluates Resources 
- Establishes 

- Position engine Command post 
- Evaluates exposure 

- Layout report Officer 
problems 

- Directs hose -
- On-scene report 

positioning 
- Coordinates Units 

- Locate Fire -Transmits 
Progress reports 

- Conduct size-up- 360° - Changes strategy 

lap -incident action plan- offensive - Orders, records, and 
-detail incident (situation report) transmits results of 

primary and 
- Transmit size-up to responding units secondary searches 

- Declares fire under 
- Transfer command to chief control 

• Establish Supply line Driver Position Truck -Dry Lay- 2nd 
engine takes 

-Hydrant-Drop line (wrap) Driver hydrant 

- Position engine Driver 
Charged 

- Pump engaged hydrant-
Supply attack 

- 4" straight lay engine 

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

-Supply attack engine (1 3/4") Driver 

Position attack line RB/Nozzle 
LB/Flake 

-Flake CB/ Control 

---------------
-Charge Advance line for 

fire attack 

-Bleed ----------------
The Officer 

-Advance responsibility is 
to supervise hose 
stretch /monitor 
safety and 
continually survey • the scene 

Establish - 2 in - 2 out D/LB 

(Initial RIT) 
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Tasks/Company Engine 1/5 Truck 1/5 Engine 2/5 Battalion Chief/ Aide Engine 3/5 

0/LB/RB-
Establish RIT advance by foo 

to get to point 

(Dedicated) of entry-
performs all • RIT duties 

Gain/ Force Entry 0/RB/CB 

Advance Line RB/LB/CB 
- scan search fire room Officer - not on 
- suppression line (if officer 

commits then he 
must pass 
command) 

Insures first line flowing water- 0/RB/CB 

Deploy Back-up Line and protect 
stairwell (l 3,4") 

Complete Primary Search Officer and 
(in combo with Fire Attack) RB/CB 

Search Fire Floor -

Search other floors-

Ventilation (vent for fire or vent for life) Driver and LB 
- Horizontal 
- Vertical • Ground Laddering- 2nd story Driver /LB 
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 Driver/LB 

entry, venting and fire extinguished (control exterior 

(Interior and exterior) 0/RB/CB 
(control interior) 

Conduct Secondary Search 

-Fire Floor D/LB 

-Primary and secondary search of D/LB 0/RB/CB 

entire floor above 

Check for Fire Extension 0/RB/CB 

0/RB 
Open ceiling walls near fire on fire 
floor 

Check floor above for fire 
extension • wall breech 

ceiling breech-
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• • • Appendix E: Statistical Analysis of Time to Task Test Data 
Identifying Statistically Significant Differences in Crew Size and Stagger on a Number of Task Timings Using Regression Analyses of Times (Start, End and Duration) on Crew Size and Stagger 

Crew Size s~a~aer Crew Size staaaer 
Task-Based Measure of Time 3vs.2 4 vs.3 5vs.4 5/4vs. 3/2 
Total time x• X X 

Conduct size up (start) X X 

Conduct size up (end) X 

Conduct size up (duration) 

Position attack line (start) X X 

Position attack line (duration) X X 

Establish 2 in 2 out (end) X X X X 

Establish RIT (end) na na na na na na 

Gain forced entry (start) X X 

Advance line (start) X X X 

Advance line (end) X X X 

Deploy backup line (start) X X 

Deploy backup line (end) X X 

Advance backup line (start) X X 

Advance backup line (end) X X 

Conduct primary search (start) X X X 

Ground ladders in place (end) X X X X 0 

Ground ladders in place (duration) X X X X 

Horizontal ventilation Story 2 window 3 (Start) X X 

Horizontal ventilation Story 2 window 3 (End) X X 

Horizontal ventilation Story 2 w indow 2 (Start) X X 

Horizontal ventilation Story 2 window 2 (End) X X 

Horizontal ventilation Story 2 window 1 (Start) X X 

Horizontal ventilation Story 2 window 1 (End) X X 

Horizontal ventilation Story 1 window 2 (Start) 0 X X 

Horizontal ventilation Story 1 window 2 (End) X X 

Control utilities (Interior) (Start) X X X 

Conduct Secondary Search (Start) X X 

Check for Fire Ext (walls) (Start) X X X 

Check for Fire Ext (ceiling) (Start) X 

Stretch time•• X 0 X 

I• An 'X' denot es statistical significance at the 0.05 level; a 'o' denotes significance at the 0.10 level. 



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) 

-

Coefficients I I Measure of Task Time Time Crew Crew Crew aose 
Constant I measured size of 3 sizeof 4 size of5 stagger 

Total time -100.5 -408 .33 -402.17 -40.83 1374.42 

(50.29) (50.29) (50.29) (35.56) (39.77) 

, Conduct size up Start 2.5 -5.167 -18.17 -1.25 335 

• (5.97) (5.97) (5.97) (4.22) (4.72) 

Conduct size up Complet e -5.167 -13.17 -38.33 -12 416 

(13.60) (13.60) (13.60) (9.62) (10.75) 

Conduct size up Duration -7.667 -8 -20.17 -10.75 81.04 

(12.10) (12.10) (12-1.0) {8.56) (9.57) 

Position attack line St art -63.5 -63.5 -69.67 -11.17 408.1 

(14.09) (14.09) (14.09) (9.96) (11.14) 

Position attack line Duration -16 -63.67 -61.67 5.167 160.6 

(13.79) {13.79) (13.79) {9.75) (10.90) 

Establish 2in- 2 out Comp lete -6.7E-15 -90 -90 -30 355 

(9.73) (9.73) (9.73) (6.88) (7.69) 

Establish RIT Complete 70 70 70 -60 435 

0.00 0.00 0.00 0.00 0.00 

Gain forced entry Start -23.5 -54 -80.83 -20.83 528.6 

(19.66) (19.66) (19.66) (13.90) (15.54) • Advance line Start -54 -97.83 -123.5 -17.5 586.3 

(18.83) (18.83) (18.83) (13.31) (14.88) 

Advance line Complete -61 -95.5 -134.7 -19.08 625.5 

(20.35) (20.35) (20.35) (14.39) (16.08) 

Deploy backup line Start -26 -42.67 -53.5 -96.75 641.5 

(17.11) (17.11) (17.11) (12.10) (13.53) 

Deploy backup line Complete -15.83 -56.17 -17.5 -53.75 728.9 

(33.49) (33.49) (33.49) (23.68) (26.48) 

Advance backup line Start -33 -66.83 -34.83 -63 779.7 

(29.65) (29.65) (29.65) (20.97) (23.44) 

advancebackupline2 Complete -34.5 -68.17 -36.17 -63.75 784.4 

(29.73) (29.73) (29.73) (21.02) (23.50) 

conductprimarysearchl Start -147 -215.8 -211.5 0.1667 736.1 

(25.08) (25.08) (25.08) (17.74) (19.83) 

Ground ladders in p lace Complete -38 -196.5 -317.8 -69.83 1168 

(48.38) (48.38) (48.38) (34.21) (38.24) 

Ground ladders in place Duration -33.83 -83.67 -185.7 -72.08 617 

(48.12) (48.12) (48.12) (34.03) (38.04) 

Horizonta l ventilation, second story, w indow 3 Start -53.67 -217.8 -211 -26.59 759.1 

{30.75) (30.75) (30.75) (21.75) (24.31) 

Horizontal ventilation, second story, window 3 Complete -64.83 -316 -353 -33.58 1088 

(49.74) (49.74) (49.74) (35.17) (39.32) • Horizontal ventilat ion, second story, w indow 2 Start -51.67 -265.8 -261.2 -18.83 885.1 

(37.20) (37.20) (37.20) (26.30) (29.41) 
-
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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) 

Horizontal ventilation, second story, window 2 Complete -53.5 -259.8 -262.3 -13.33 931.3 

(39.97) (39.97) {39.97) (28.26) (31.60) 

Horizontal ventilation, second story, window 1 Start -70 -316.3 -348.8 -31.08 1038 

(48.37) {48.37) (48.37) {34.20) (38.24) 

Horizontal ventilation, second story, window 1 Complete -51.83 -219 -214.8 -24 805.7 

(33.71) (33.71) (33.71) (23.83) (26.65) 

Horizontal ventilation, first story, window 2 Start -87.17 -386.3 -428.5 -44.67 1200 

(45.13) (45.13) (45.13) {31.91) (35.68) 

Horizontal ventilation, first story, window 2 Complete -88.5 -391.5 -423.3 -44.17 1224 

(47.02) (47.02) (47.02) (33.25) (37.17) 

Control utilities interior Start -136.5 -287.8 -300 -6.333 946.3 

{45.57) (45.57) (45.57) (32.22) (36.02) 

Control utilities exterior Start 6.667 -281.8 -312.8 -38.17 1063 

(70.21) (70.21) (70.21) (49.65) (55.51) 

Conduct secondary search Start -92.5 -143 -152.7 -28.25 846 

(38.97) (38.97) (38.97) (27.56) (30.81) 

Check for fire extension wa lis Start -453.8 -535.3 -608.7 -38.25 1155 

(38.28) (38.28) (38.28) (27.07) (30.26) 

Check for fire extension ceiling Start -206.3 -349.7 -292.7 -2.833 1086 

• (48.29) (48.29) (48.29) (34.14) {38.17) 

• 
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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) 

I Coefficients 
Crew 

Measure of Task Time* 
size of 

Time 4/5 YS. Close 
measured 3/2 Stagger Constant 

Total time -355 -40.83 1324.00 

(37.23) (37.23) (32.24) 

Conduct size up Start -12.92 -1.25 336.2 

(4.50) (4.50) (3.90) 

Conduct size up Complete -23.17 -12 413.4 

(9.97) (9.97) (8.64) 

Conduct size up Duration -10.25 -10.75 77.21 

(8.44) (8.44) (7.31) 

Position attack line Start -34.83 -11.17 376.3 

(13.66) (13.66) (11.83) 

Position attack line Duration -54.67 5.167 152.6 

(9.60) (9.60) (8.31) 

Establish 2in- 2 out Complete -90 -30 355 

(6.55) (6.55) (5.67) 

Establish RIT Complete 35 -60 470 

(10.80) (10.80) (9.35) 

Gain forced entry Start -55.67 -20.83 516.8 

(14.32) (14.32) (12.40) 

Advance line Start -83.67 -17.5 559.3 

(15.67) (15.67) (13.57) 

Advance line Complete -84.58 -19.08 595 

(17.67) (17.67) (15.31) 

Deploy backup line Start -35.08 -96.75 628.5 

(12.30) (12.30) (10.65) 

Deploy backup line Complete -28.92 -53.75 721 

(23.43) (23.43) (20.29) 

Advance backup line Start -34.33 -63 763.2 

(21.17) (21.17) (18.33) 

advancebackupline2 Complete -34.92 -63.75 767.1 

(21.27) (21.27) (18.42) 

conductprimarysearch1 Start -140.2 0.1667 662.6 

(28.28) (28.28) (24.49) 

Ground ladders in place Complete -238.2 -69.83 1149 

(37.99) (37.99) (32.90) 

Ground ladders in place Duration -117.7 -72.08 600.1 

{36.37) (36.37) (31.49) 

Horizontal ventilation, second story, window 3 Start -187.6 -26.59 732.3 

(22.31} (22.31) (19.32) 

Horizontal ventilation, second story, window 3 Complete -302.1 -33.58 1056 

{35.38) (35.38) (30.64) 

• 

• 
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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) 

Horizontal ventilation, second story, window 2 Start -237.7 -18.83 859.3 

(26.27) (26.27) (22.75) 

Horizontal ventilation, second story, window 2 Complete -234.3 -13.33 904.6 

(28.12) (28.12) (24.36) 

Horizontal ventilation, second story, window 1 Sta rt -297.6 -31.08 1003 

(34.64) (34.64) (30.00) 

Horizontal ventilation, second story, window 1 Complete -191 -24 779.8 

(24.05) (24.05) (20.83) 

Horizontal ventilation, first story, window 2 Start -363.8 -44.67 1156 

(33.83) (33.83) {29.30) 

Horizontal ventilation, first story, window 2 Complete -363.2 -44.17 1180 

(34.80) (34.80) (30.14) 

Control utilities interior Start -225.7 -6.333 878.1 
(37.23) (37.23) (32.25) 

Control utilities exterior Start -300.7 -38.17 1066 

(47.48) (47.48) (41.12) 

Conduct secondary search Start -101.6 -28.25 799.7 

(29.88) (29.88) (25.88) 

Check for fire extension walls Start -345.1 -38.25 927.9 

(75.46) (75.46) (65.35) 

Check for fire extension ceiling Start -218 -2.833 983.1 

(46.32) (46.32) (40.12) 
Stretch time = advance line minus position 
engine Duration -75.7 -17.2 273.3 

(16.68) (16.68) (14.44) 

* Standard errors are in parentheses below coefficient value 

Crew Crew Crew Close 
size of 3 s ize of 4 size of 5 St agger Constant 

Stretch time =advance line minus position 
engine Duration -57.3 -86.7 -122.0 -17.2 301.9 

(19.39) (19.39) (19.39) (13.71) (15.33) 
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APPENDIX G: Measurement Uncertainty 

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 o/o. 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 o/o. 

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 o/o for length measurements taken on the scale of room 
dimensions. The estimated total expanded uncertainty for length 
measurements is ± 1.0 o/o. 

The standard uncertainty of the thermocouple wire itself is 1.1 oc 
or 0.4 o/o of the measured value, whichever is greater (Omega 2004). 
The estimated total expanded uncertainty associated with type K 
thermocouples is approximately± 15 o/o. 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 o/o when compared 
with span gas volume fractions (Matheson). Given the limited set of 
sampling points in these experiments, an estimated uncertainty of 
± 10 o/o 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 o/o to+ 13 o/o 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 o/o to 40o/o and an accuracy of 
<0.5 o/o of the measured value between 6 o/o and 12 o/o moisture 
content. Mass measurements were made with an industrial bench 
scale having a range of Okg 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 the NIST 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 tl1eir microphone, wait for the radio to 
access a repeater, and transmit the message. Because of the lack of 



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 

---~------------------ - --- --~- - -·------·---- ---~ - -- - - --
Measurement Compon7nt Standard ·· Combi~ed Standard Total Expanded 

'· ~· Unc~rtainty , •. ;: · .. :-~ .. Uncertainty Uncertainty 
~--- - -- ~ --~-----~---~ .. -· ... ~-.....:: ..... -·~';..A-- ______ . _____ __......._ ___ .. __ -- ---- --

Length Measurements 

Instrumentation Locations ±1 % ± 3% ±6 % 

Building Dimensions ±1 % 

Repeata bilitl ±2% 

Randoml ± 2% 

Gas Temperature- Lower Layer 

Calibration ±1% ±8 % ± 15% 

Radiative Cooling -5% to +0 % 

Radiative Heating 0 % to+ 5 % 

Repeatability 
1 

±5 % 

Random l ±3 % 

Wood Moisture Content 

± 0.5 % ±0.5% ± 1% 

Wood Pallet Mass 

±0.2% ±0.1% ±0.1% 

Weather 

Relative Humidity ± 3% 

Barometric Pressure ± 0.03 " Hg 

Wind Speed ± 5% 

Wind Direction ±5% 

Outside Temperature ±o.5·c 

Time 

Timer Bias ± 0.069s ± 2.90s 

Reaction Time ± 0.230s ± 5.80 s 

Radio Operation ± 2.890s 

Notes: 1. Random and repeatability evaluated as Type A, other components as Type B . 
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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 

0 

Temperature Inside Burn 
Compartment 

200 400 600 800 1000 1200 

Time [s] 

2 Person, Close Stagger 

Temperature Inside Burn 
Compartment 

500 +---------------------------
E 400 -l-------..~ti!'l!!!!!!ili'-____________ __ .. 
~ 300 +-~F-~...--~~c--------------
8. 200 +-,_~'-------~~.,.,=---------

~ 10: it~~~:::=~~~~~~~~ 
0 200 400 600 800 1000 lZOO 

Time [s] 

3 Person, Close Stagger 

Temperature Inside Burn 
Compartment 

500 +---~~~~---------------­

E 400 .J-----fljf";..~~~--------------., 
a 300 +----JrH--------l~r------------­
~ 
~ 200 +-~+---------~~~--------

~ 10

: tl!i~~~~~~~~~~~~~~~~~~~ 
0 zoo 400 600 800 1000 1200 

Time [s] 

2 Person, Close Stagger 

Temperature Inside Burn 
Compartment 

500+--------------------------­

u ~-------..~ti!'l!!!!~~--------------7 400 + 
~ 300 +---:::o!F-..,.,..._~IIr-------------

~ zoo +-1'-~'---------\(~"""'..::::---------

~ 10: ~Z:~~~=:::~§~~~~~ 
0 zoo 400 600 800 1000 1ZOO 

Time [s] 

3 Person, Close Stagger 

- 1ft 

- 2ft 

- 3ft 

- 4ft 

- stt 
- 6ft 

- 7ft 

- 1ft 

- 2ft 

- 3ft 

- 4ft 

- srt 
- 6ft 

- 7ft 

- 1ft 

- 2ft 

-3ft 

- 4ft 

- sft 
- 6ft 

- 7ft 

- 1ft 

- 2ft 

- 3ft 

- 4ft 

- sft 
- 6ft 

- 7ft 

Temperature Inside Burn 
Compartment 

u soo~
1 

'; 400 t------!;;;111'5~~~~---------------

a 3oo t----I!Jr-----------\k-------------

J::~ 
0 200 400 600 800 1000 1200 

Time[s] 

2 Person, Far Stagger 

Temperature Inside Burn 
Compartment 

u soo t==~~~~======= !.... 400 
"' a 300 +---, ,_ ________ ....., __________ __ 
" ~ 200 t--~'1----------~k-"""""'=:------

~ 10: o~2~~=~~~~!~~~ 
0 

0 

0 

200 400 600 800 1000 1200 

Time[s] 

3 Person, Far Stagger 

Temperature Inside Burn 
Compartment 

200 400 600 800 1000 1200 

Time [s] 

2 Person, Far Stagger 

Temperature Inside Burn 
Compartment 

200 400 600 800 1000 1200 

Time [s] 

3 Person, Far Stagger 
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Target Room Data 

• Temperature Inside Target Room Temperature Inside Target Room 
60 60 

so - 1ft so - 1ft 

j:j u 
- 2ft ~ 40 

- 2ft 
~ 40 
.a -3ft "' - 3ft 
~ 30 f 30 

"' - 4ft .. - 4ft a. a. 
E 20 E 20 

"' - Sft 
.. - Sft ,_ I-

10 10 
- 6ft - 6ft 

0 0 
- 7ft - 7ft 

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 
- aft - sit 

Tim~[s] Tim~[s] 

2 

2 Person, Close Stagger Person, Far Sta er 

Temperature Inside Target Room Temperature Inside Target Room 
60 60 

so - 1ft so - 1ft 

E - 2ft 
u 

40 ~ 40 
- 2ft 

~ 
.a -3ft "' -3ft 
~ 

30 ~ 30 
a. - 4ft !:. - 4ft 
E 20 E 20 .. - Sit ~ - sft I-

10 10 
- 6ft - 6ft 

0 0 - 7ft - 7ft 
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 
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Tim~ [s] Tim~ [s] 

3 Person, Close Stagger 3 Person, Far Sta er 

• Temperature Inside Target Room Temperature Inside Target Room 
60 60 

50 - 1ft so - 1ft 

k: E 40 - 2ft 40 - 2ft 
~ "' .a - 3ft :; -3ft 
f! 30 ~ 30 ., 

- 4ft !:. - 4ft c. 
E 20 E 20 .. - Sit "' - sit I-

,_ 
10 10 

- 6ft - 6ft 
0 

- 7ft 
0 

- 7ft 
200 400 600 800 1000 1200 200 400 600 800 1000 1200 

- 8ft - aft 
Tim~[s] Tim•[s] 

Temperature Inside Target Room Temperature Inside Target Room 
60 60 

50 - 1ft 50 - 1ft 

k: u 
40 - 2ft ~ 40 - 2ft .. ~ :; - 3ft .a -3ft 

~ 30 f! 30 ., 
- 4ft 

., 
- 4ft a. a. 

E 20 E 20 ., 
- 5ft .. - 5ft ,_ ,_ 

10 10 
- 6ft - 6ft 

0 
- 7ft 

0 
- 7ft 

200 400 600 800 1000 1200 0 200 400 600 sao 1000 1200 
- 8ft - 8ft 

Time [s] Time [s] 

5 Person, Close Stagger 5 Person, Far Stagger 
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Temperature Near Front Door (Couch ) 

Temperature at Front Door (Couch) 

0 200 400 600 800 1000 1200 

Time [s] 

2 Person, Close Stagger 

Temperature at Front Door (Couch) 
180 .--------------

160 +-----=-::--------­
<:> 140 +---____,.,,...,.,.~------­
~ 120+-~~~~-r-------
3 100 -1--1---M .. III-:-+--------
5 80+-~~3-~~~------
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200 400 600 800 1000 1200 

Time[s] 
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Temperature at Front Door (Couch} 
180 -,---- --- -------

160 t--::::::;:;;OiiiA--------

~ ~~~ +----1----:or--.1--l--------
3 100 -l---1--111 
~ 80 +-+--:IF 

e Go !~t:~~~~~~~~~~~ ~ 40 
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Time[s] 
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- art 
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0 
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Gas and Temperature Data for Room and Contents Tests 

Examples of Gas Data in Target Room 

C02, CO Concentrations in Target 
Room 

7 r-----------------------------, 
6 

~ 5 

~ 4 +----------,1--------"o.::------....--------J­
;::; 3 +--------lf-----------'""""~,.------1" 

8 2 +--------H'--------------~------i 
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~ 5 
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93 



94 

Gas and Temperature Data for Room and Contents Tests 

Examples of Gas Data in Target Room 
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Temperatures in Burn Room 
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Temperatures in Target Room 
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Temperatures Near Front Door (Couch) 
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Users ofNFPA codes, standards, recommended practices, and guides ("NFPA Standards") should 
be aware that NFPA Standards may be amended from time to time through the issuance of Tentative 
Interim Amendments or corrected by Errata. An official NFPA Standard at any point in time consists of 
the current edition of the document together with any Tentative Interim Amendment and any Errata 
then in effect. 

In order to determine whether an NFPA Standard has been amended through the issuance of 
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http:/ /www.nfpa.org/docinfo to choose from the list ofNFPA Standards or use the search feature 
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Tentative Interim Amendments and Errata, the Document Information Page also includes the option to 
sign-up for an "Alert" feature to receive an email notification when new updates and other information 
are posted regarding the document. 

ISBN: 978-145591185-1 (Print) 
ISBN: 978-145591222-3 (PDF) l/14 

• 

• 

• 



Copyright 2015 National Fire Protection Association (NFPA). Licensed, by agreement, for individual use and download on September 17, 2015 to CALGARY FIRE FIGHTERS ASSOC for designated user MARK FAIRES. No other 
reproduction or transmission in any form permitted without written permission of NFPA. For inquires or to report unauthorized use, contact licensing@nfpa.org. 

• 

• 

• 

IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPAIZ> STANDARDS 

ADDIDONAL NOTICES AND DISCLAIMERS 

Updating of NFPA Standards 

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Standards") should be aware that 
these documents may be superseded at any time by the issuance of new editions or may be amended from time to 
time through the issuance of Tentative Interim Amendments or corrected by Errata. An official NFPA Standard at 
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website at www.nfpa.org, or contact the NFPA at the address listed below. 

Interpretations of NFPA Standards 

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the 
Development of NFPA Standards shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Patents 

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, 
or asserted in connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for 
determining the validity of any such patent rights, as well as the risk of infringement of such rights, and the NFPA 
disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA Standards. 

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of 
patents in American National Standards ("the ANSI Patent Policy"), and hereby gives the following notice pursuant 
to that policy: 

NOTICE: The user's attention is called to the possibility that compliance with an NFPA Standard may 
require use of an invention covered by patent rights. NFPA takes no position as to the validity of any such 
patent rights or as to whether such patent rights constitute or include essential patent claims under the 
ANSI Paten t Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of 
willingness to grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to 
applicants desiring to obtain such a license, copies of such filed statements can be obtained, on request, from 
NFPA. For further information, contact the NFPA at the address listed below. 

Law and Regulations 

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, 
by the publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of safe practices and methods. By making these documents available for use and adoption by public 
authorities and private users, the NFPA does not waive any rights in copyright to these documents. 

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term 
"adoption by reference" means the citing of title, edition, and publishing information only. Any deletions, additions, 
and changes desired by the adopting authority should be noted separately in the adopting instrument. In order 
to assist NFPA in following the uses made of its documents, adopting authorities are requested to notify the NFPA 
(Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning 
adoption ofNFPA Standards, contact NFPA at the address below. 

For Further Information 

All questions or other communications relating to NFPA Standards and all requests for information on NFPA 
procedures governing its codes and standards development process, including information on the procedures for 
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to 
NFPA standards during regular revision cycles, should be sent to NFPA headquarters, addressed to the attention 
of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: 
stds_admin @nfpa. org 

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be 
viewed at no cost at www.nfpa.org/freeaccess. 
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Emergency Medical Operations, and Special Operations to the 

Public by Career Fire Departments 
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This edition of NFPA 1710, Standard for the Organization and Deployment of Fire Suppression 
Operations, Emergency Medical Operations, and Special Operations to the Public by Career Fire Depart­
ments, was prepared by the Technical Committee on Fire and Emergency Service Organiza­
tion and Deployment-Career and acted on by NFPA at its June Association Technical Meet­
ing held June 22- 25, 2015, in Chicago, IL. It was issued by the Standards Council on 
August 18, 2015, with an effective date of September 7, 2015, and supersedes all previous 
editions. 

This edition of NFPA 1710 was approved as an American National Standard on Septem­
ber 7, 2015. 

Origin and Development of NFPA 1710 
In 2001, the first edition of NFPA 1710 was issued. The development of that benchmark 

standard was the result of a considerable amount of hard work and tenacity by the Technical 
Committee members and the organizations they represented. That standard was the first 
organized approach to defining levels of service, deployment capabili ties, and staffing levels 
for substantially career fire departments. Research work and empirical studies in North 
America were used by the Committee as a basis for developing response times and resource 
capabilities for those services, as identified by the fire department. 

Following the issuance of the first edition, the NFPA Standards Council asked the Techni­
cal Committee to begin the revision process for a 2004 edition of the standard. The Commit­
tee formed several Task Groups to look at various aspects of the document. However, recog­
nizing that the standard had not been fully field tested, the extent of the changes proposed 
were minimal with a cleanup of definitions, the addition of wording regarding equivalency in 
the annex, and clarification that the discussion on rate of fire propagation in the annex 
involved unsprinklered rooms. 

The 2010 edition of NFPA 1710 standardized and refined terminology and definitions 
used in the document. Particular attention was paid to terminology for time frames for the 
various events that occur from event initiation to the end of the fire department's involve­
ment with the incident. This included recognition that there is a time interval to initiate 
action or intervene at the end of travel time and before control and mitigation actually begin. 
The requirements for time frames for alarm handling were revised to correspond to changes 
being made to NFPA 1221. The time allowance for turnout for fires and special operations was 
lengthened to 80 seconds, but the time measurement was defined to star t at the beginning of 
the transmission of response data to the emergency response units or emergency response 
facilities. All times shown as both minutes and seconds were changed to seconds only because 
that is the level of precision in which the committee intends time to be measured. An appli­
cation section was added in Chapter 1. The travel times for units responding on the first alarm 
were clarified to indicate the first unit must arrive within 4 minutes travel time and all units 
must arrive within 8 minutes travel time. The quadrennial report required to be provided to 
the AHJ in the previous edition was changed to an annual report. 

The annex material related to the requirement stated for an initial full alarm assignment 
capability has been moved to the body of the standard to clarifY that the requirement applies 
to a structure fire in a typical 2000 ft2 (186m2

) , two-story single-family dwelling without base­
ment and with no exposures. In addition, wording was added to require additional resources 
be deployed on fires in occupancies that present hazards greater than the two-story single­
family dwelling. The community-wide risk management model that has been in an annex to 
NFPA 1720 has been added as an annex to NFPA 1710. 

NFPA and National Fire Protection Association are registered trademarks of the National Fi re Protection Association, Quincy, Massachusetts 02169. 
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1710-2 ORGANIZATION AND DEPLOYMENT OF FIRE SUPPRESSION OPERATIONS BY CAREER FIRE DEPARTMENTS 

The work done by the Committee provided the user with a template for developing an implementation plan on the 
standard. Most important, it provided the body politic and citizens a true picture of the risks in their communities and 
the fire departments' capabilities to respond to and manage those risks. 

In the 2016 edition, the Committee has added three new occupancies and the appropriate response staffing levels 
for garden-style apartment, open-air strip mall, and high-rise occupancies. In addition, redundant text has been 
removed, and some language has been clarified . 
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William W. Bryson, Chair 
Pembroke Pines, FL [E] 

Rep. Metropolitan Fire Chiefs-IAFC/NFPA 

William L. Bingham, Galena, IL [U] 
Rep. International Fire Marshals Association 

Paul D. Brooks, Center for Public Safety Excellence, 
VA[SE] 
Michael R. Brown, Washington State Association of Fire 
Chiefs, WA [E] 

Rep. International Association of Fire Chiefs 
Randy R. Bruegman, City of Anaheim Fire Department, 
CA[E] 

Rep. International Association of Fire Chiefs 
Alan V. Brunacini, Fire Command Seminars, AZ [SE] 
JohnJ. Caussin, Fairfax County Fire & Rescue 
Department, VA [E] 
Robert J . Crawford, Municipality of Chatham-Kent, 
Canada [E] 

Rep. NFPA Fire Service Section 
Frank De Clercq, City of San Diego Fire-Rescue 
Department, CA [L] 

Rep. International Association of Fire Fighters 
Daniel]. Greensweig, League of Minnesota Cities, 
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Re p. ational League of Cities 
Thomas Hanify, The Professional Firefighters Union of 
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Rep. International Association of Fire Fighters 
Todd A. Harms, Phoenix Fire Department, AZ [E] 

Michael S. Digman, Metro West Fire Protection District, 
MO[U] 
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Anne M. Fmn, League of Minnesota Cities, MN [C] 

(Alt. to D.J. Greensweig) 
Anthony Gamboa, United Firefighters of Los Angeles 
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Michael D. Masters, Oak Ridge National Laboratory 
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Steven F. Sawyer, NFPA Staff Liaison 

Alternates 

Jason M. Hoevelmann, Florissant Valley Fire Protection 
District, MO [U] 
Thomas C. Jenkins, Rogers Fire Department, AR [E] 
Kevin P. Kuntz, Insurance Services Office, Inc., NJ [I] 
Cortez Lawrence, U.S. Department of Homeland 
Security, MD [SE] 
Frank Lima, United Firefighters of Los Angeles City, 
CA[L] 
Michael Merchan, City of Cape Coral Fire Rescue, FL [U] 
Gary Rainey, Florida Professional Firefighters, FL [L] 
David L. Rohr, City of Fairfax Fire Department, VA [E] 
Chris Ross, Association des Pompiers de Montreal Inc., 
Canada [L] 
Mark A. Sanders, Ohio Association of Professional 
Firefighters, OH [L] 
J oseph Schulle, IAFF Local 22, PA [L] 

Rep. International Association of Fire Fighters 
James L. Silvernail, Metro West Fire Protection District, 
MO[U] 
L. Charles Smeby, University of Florida, FL [SE] 
Patrick N. Smith, U.S. Department of Energy, TN [U] 
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Rep. National League of Cities 
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Kevin McDonald, Springdale Fire Department, AR [E] 
(Alt. toT. C. Jenkins) 

Patrick ]. Morrison, International Association of Fire 
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Richard D. Riley, Clearwater Fire & Rescue, FL [E] 
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(Alt. to W. L. Bingham) 
Thomas]. Wieczorek, International City/County 
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(Voting Alt. to ICMARep.) 

This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time, 
changes in the membership may have occurred. A key to classifications is found at the back of the document. 

NOTE: Membership on a committee shall not in and of itself constitute an endorsement oftheAssociation or 
any document developed by the committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for documents on the organization, 
operation, deployment, and evaluation of substantially all career public fire protection and emergency 
medical services. 
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IMPORTANT NOTE: This NFPA document is made a:oailable fur 
use subject to important rwtices and legal disclaimers. These rwtices 
and disclaimers appear in all publications containing this document 
and may be found under the heading "Important Notices and Dis­
claimers Concerning NFPA Standards." They can also be obtained 
on request from NFPA or viewed at www.njpa. org! disclaimers. 

UPDATES, ALERTS, AND FUTURE EDIDONS: New editions 
ofNFPAcodes, standards, recommended practices, and guides (i.e., 
NFPA Standards) are released on scheduled revision cycles. This 
edition may be superseded by a later one, ur it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta­
tive Interim Amendments (TIAs). An official NFPA Standard at any 
point in time consists of the current edition of the document, together 
with any TIAs and Errata in effect. To veri.fj that this document is 
the current edition ur to determine if it has been amended by any 
TIAs or Errata, please consult the National Fire Codes® Subscrip. 
tion Service ur visit the Document Information (Doclnfo) pages on 
the NFPA website at www.njpa.org/ docinfo. In addition to TIAs and 
Errata, the Doclnfo pages also include the option to sign up fur 
Alerts fur each document and to be involved in the development of 
the next edition. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material 
on the paragraph can be found in AnnexA. 

A reference in brackets [ ] following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. As an aid to the user, the complete title and edition 
of the source documents for extracts in mandatory sections of 
the document are given in Chapter 2 and those for extracts in 
informational sections are given in Annex C. Extracted text 
may be edited for consistency and style and may include the 
revision of internal paragraph references and other refer­
ences as appropriate. Requests for interpretations or revisions 
of extracted text shall be sent to the technical committee re­
sponsible for the source document. 

Information on referenced publications can be found in 
Chapter 2 and Annex C. 

Chapter 1 Administration 

1.1 * Scope. This standard contains minimum requirements re­
lating to the organization and deployment of fire suppression 
operations, emergency medical operations, and special opera­
tions to the public by substantially all career fire departments. 

1.1.1 The requirements address functions and objectives of 
fire department emergency service delivery, response capabili­
ties, and resources. 

1.1.2 This standard also contains general requirements for 
managing resources and systems, such as health and safety, 

incident management, training, communications, and pre­
incident planning. 

1.1.3 This standard addresses the strategic and system issues 
involving the organization, operation, and deployment of a 
fire department and does not address tactical operations at a 
specific emergency incident. 

1.2 Purpose. 

1.2.1 *The purpose of this standard is to specify the minimum 
criteria addressing the effectiveness and efficiency of the ca­
reer public fire suppression operations, emergency medical 
service, and special operations delivery in protecting the citi­
zens of the jurisdiction and the occupational safety and health 
of fire department employees. 

1.2.2 Nothing herein is intended to restrict any jurisdiction 
from exceeding these minimum requirements. 

1.3 Application. 

1.3.1 This standard applies to the deployment of resources by 
a fire department to emergency situations when operations 
can be implemented to save lives and property. 

1.3.2 The standard is a benchmark for most common re­
sponses and a platform for developing the appropriate plan 
for deployment of resources for fires in higher hazard occu­
pancies or more complex incidents. 

1.4* Equivalency. Nothing in this standard is intended to pro­
hibit the use of systems, methods, or approaches of equivalent 
or superior performance to those prescribed by this standard, 
provided technical documentation is submitted to the author­
ity having jurisdiction to demonstrate equivalency. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be con­
sidered part of the requirements of this document. 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, Quincy, MA 02169-7471. 

NFPA 403, Standard for Airt:raft Rescue and Fire-Fighting Ser­
vices at Airports, 2014 edition. 

NFPA 4 72, Standard for Competence of Responders to Hazardous 
Materials/ Weapons of Mass Destruction Incidents, 2013 edition. 

NFPA 1143, Standard for Wildland Fire Management, 2014 
edition. 

NFPA 1221, Standard for the Installation, Maintenance, and Use 
of Emergency Services Communications Systems, 2016 edition. 

NFPA 1500, Standard on Fire Department Occupational Safety 
and Health Program, 2013 edition. 

NFPA 1561, Standard on Emergency Services Incident Manage­
ment System and Command Safety, 2014 edition. 

NFPA 1670, Standard on Operations and Training for Technical 
Search and Rescue Incidents, 2014 edition. 

2.3 Other Publications. 

2.3.1 U.S. Government Publications. U.S. Government Pub­
lishing Office, Washington, DC 20402. 

Title 29, Code ofFederal Regulations, Part 1910.120, "Haz­
ardous Waste Operations and Emergency Response." 

Title 29, Code of Federal Regulations, Part 1910.146, 
"Permit-Required Confined Space." 

2016 Edition rn 
NFPA' 

• 

• 

• 



Copyright 2015 National Fire Protection Association (NFPA). Licensed, by agreement, for individual use and download on September 17, 2015 to CALGARY FIRE FIGHTERS ASSOC for designated user MARK FAIRES. No 
other reproduction or transmission in any form permitted without written permission of NFPA. For inquires or to report unauthorized use, contact licensing@nfpa.org. 

• 

• 

• 

1710-6 ORGANIZATION AND DEPLOYMENT OF FIRE SUPPRESSION OPERATIONS BY CAREER FIRE DEPARTMENTS 

2.3.2 Other Publications. 

Merriam-"Websters Collegiate Dictirmary, 11th edition, Merriam­
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 
NFPA 4 72, Standard for Competence of Responders to Hazardous 

Materials/Weapons of Mass Destruction Incidents, 2013 edition. 
NFPA 1002, Standard for Fire Apparatus Driver/Operator Profes­

sional Qy.alifications, 2014 edition. 
NFPA 1081, Standard for Industrial Fire Brigade Member Profes­

sional Qualifications, 2012 edition. 
NFPA 1142, Standard on Water Supplies for Suburban and Rural 

Fire Fighting, 2012 edition. 
NFPA 1221, Standard for the Installation, Maintenance, and Use 

of Emergency Services Communications Systems, 2016 edition. 
NFPA 1500, Standard on Fire Department Occupational Safety 

and Health Program, 2013 edition. 
NFPA 1521, Standard for Fire Department Safety Officer Profes­

sional Qualifications, 2015 edition. 
NFPA 1561, Standard on Emergency Services Incident Manage­

ment System and Command Safety, 2014 edition. 
NFPA 1901, Standard for Automotive Fire Apparatus, 2016 

edition. 

Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. Where terms are not 
defined in this chapter or within another chapter, they shall 
be defined using their ordinarily accepted meanings within 
the context in which they are used. Merriam-"Webster's Collegiate 
Dictionary, 11th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authority having juris­
diction. 

3.2.2* Authority Having Jurisdiction (AHJ) . An organization, 
office, or individual responsible for enforcing the require­
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 

3.2.3 Shall. Indicates a mandatory requirement. 

3.2.4 Should. Indicates a recommendation or that which is 
advised but not required. 

3.2.5 Standard. An NFPA Standard, the main text of which 
contains only mandatory provisions using the word "shall" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions are not to be 
considered a part of the requirements of a standard and shall 
be located in an appendix, annex, footnote, informational 
note, or other means as permitted in the NFPA Manuals of 
Style. When used in a generic sense, such as in the phrase 
"standards development process" or "standards development 
activities," the term "standards" includes all NFPA Standards, 
including Codes, Standards, Recommended Practices, and 
Guides. 

3.3 General Definitions. 

3.3.1 Advanced Life Support (ALS) . See 3.3.36.1. 

[i.) 
...... 2016 Edition 

3.3.2 Aid. 

3.3.2.1 * Automatic Aid. A plan developed between two or 
more fire departments for immediate joint response on 
first alarms. [1142, 2012] 

3.3.2.2 Mutual Aid. A written intergovernmental agree­
ment between agencies and/ or jurisdictions that they will 
assist one another on request by furnishing personnel, 
equipment, and/ or expertise in a specified manner. 

3.3.3 Aircraft Rescue and Fire Fighting. See 3.3.21.1. 

3.3.4* Aircraft Rescue and Fire-Fighting (ARFF) Vehicle. Ave­
hicle intended to carry rescue and fire-fighting equipment for 
rescuing occupants and combating fires in aircraft at, or in the 
vicinity of, an airport. [1002, 2014] 

3.3.5* Alarm. A signal or message from a person or device 
indicating the existence of an emergency or other situation 
that requires action by an emergency response agency. 
[1221, 2016] 

3.3.6 Alarm Answering Tune. See 3.3.53.1. 

3.3.7 Alarm Handling Tune. See 3.3.53.2. 

3.3.8 Alarm Processing Tune. See 3.3.53.3. 

3.3.9 Alarm Transfer Tune. See 3.3.53.4. 

3.3.10 Apparatus. 

3.3.1 0.1 Fire Apparatus. A vehicle designed to be used un­
der emergency conditions to transport personnel and 
equipment, and to support the suppression of fires and 
mitigation of other hazardous situations. [1901, 2016] 

3.3.10.2 Qy.int Apparatus. A fire apparatus with a perma­
nently mounted fire pump, a water tank, a hose storage 
area, an aerial device with a permanently mounted water­
way, and a complement of ground ladders. 

3.3.10.3 Speciali.zedApparatus. Afire apparatus or vehicle 
that is used for support or specialized equipment and ser­
vices at emergency scenes for functions such as, but not 
limited to, command, technical rescue, hazardous materi­
als mitigation, urban search and rescue, air supply, electri­
cal generation and lighting, or transport of equipment and 
personnel. 

3.3.11 AutomaticAid. See 3.3.2.1. 

3.3.12 Basic Life Support (BLS). See 3.3.36.2. 

3.3.13* Company. A group of members: (1) under the direct 
supervision of an officer; (2) trained and equipped to perform 
assigned tasks; (3) usually organized and identified as engine 
companies, ladder companies, rescue companies, squad com­
panies, or multi-functional companies; ( 4) operating with one 
piece of fire apparatus (pumper, aerial fire apparatus, elevat­
ing platform, quint, rescue, squad, ambulance) except where 
multiple apparatus are assigned that are dispatched and arrive 
together, continuously operate together, and are managed by 
a single company officer; (5) arriving at the incident scene on 
fire apparatus. [1500, 2013] 

3.3.14 Company Officer: See 3.3.40.1. 

3.3.15 Crew. See 3.3.52, Team. 

3.3.16 Emergency Incident. Any situation to which an emer­
gency services organization responds to deliver emergency ser­
vices, including rescue, fire suppression, emergency medical 
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care, special operations, law enforcement, and other forms of 
hazard control and mitigation. [1561, 2014] 

3.3.17 Emergency Medical Care. The treatment of patients 
using first aid, cardiopulmonary resuscitation, basic life sup­
port, advanced life support, and other medical procedures 
prior to arrival at a hospital or other health care facili ty. 

3.3.18 Emergency Operations. See 3.3.41.1. 

3.3.19 Fire Apparatus. See 3.3.10.1. 

3.3.20 F~re Department Member. See 3.3.38, Member. 

3.3.21 F~re Fighting. 

3.3.21.1 * Aircraft Rescue and Fire Fighting. The fire-fighting 
actions taken to rescue persons and to control or extin­
guish fire involving or adjacent to aircraft on the ground. 
[1500, 2013] 

3.3.21.2* Marine Rescue and Fire Fighting. The fire-fighting 
action taken to prevent, control, or extinguish fire involved 
in or adjacent to a marine vessel and the rescue actions for 
occupants using normal and emergency routes for egress. 

3.3.21.3 Structural Fire Fighting. The activities of rescue, 
fire suppression, and property conservation in buildings or 
other structures, vehicles, rail cars, marine vessels, aircraft, 
or like properties. 

3.3.22 Fire Protection. Methods of providing fire detection, 
control, and extinguishment. 

3.3.23* Fire Suppression. The activities involved in control­
ling and extinguishing fires. [1500, 2013] 

3.3.24* FrrstResponder (EMS). Functional provision ofinitial 
assessment (i.e., airway, breathing, and circulatory systems) 
and basic first-aid intervention, including CPR and automatic 
external defibrillator (AED) capability. 

3.3.25 Forcible Entry. Techniques used by fire personnel to 
gain entry into buildings, vehicles, aircraft, or other areas of 
confinement when normal means of entry are locked or 
blocked. 

3.3.26* Hazard. A condition that presents the potential for 
harm or damage to people, property, or the environment. 

3.3.27 Hazardous Material. A substance that is capable of cre­
ating harm to people, the environment, or property due to its 
toxicity, chemical reactivity, decomposition, or corrosivity; is 
capable of explosion or detonation; or presents etiological 
hazards, whether used for its intended purpose or as a weapon 
of mass destruction (WMD) or for illicit labs purposes, envi­
ronmental crimes, or industrial sabotage. 

3.3.28* High-Hazard Occupancy. An occu pancy that presents 
a high life hazard or large fire potential due to its construc­
tion, configuration, or the presence of specific materials, pro­
cesses, or contents. 

3.3.29 Incident Commander. The member responsible for all 
incident activities, including the development of strategies 
and tactics and the ordering and the release of resources. 
[472, 2013] 

3.3.30* Incident Management System (IMS) . An organized sys­
tem that defines the roles and responsibilities to be assumed 
by responders and the standard operating procedures to be 
used in the management and direction of emergency inci­
dents and other functions . 

3.3.31 Incident Safety Officer. See 3.3.40.2. 

3.3.32 Initial Full Alarm Assignment. Those personnel, equip­
ment, and resources ordinarily dispatched u pon notification 
of a structure fire. 

3.3.33 Initial Rapid Intervention Crew (!RIC). See 3.3.44.1. 

3.3.34 Initiating Action/Intervention Tune. See 3.3.53.5. 

3.3.35 Intergovernmental Agreement. A written formal autho­
rization for services between two or more jurisdictions. 

3.3.36 Life Support. 

3.3.36.1 Advanced Life Support (ALS). Emergency medical 
treatment beyond basic life support that provides for ad­
vanced airway management including intubation, ad­
vanced cardiac monitoring, defib rillation, establish ment 
and main tenance of intravenous access, and drug therapy. 

3.3.36.2* Basic Life Support (BLS). A specific level of pre­
hospital medical care provided by trained responders, fo­
cused on rapidly evaluating a patient's condition; main­
taining a patient's airway, breathing, and circulation; 
controlling external bleeding; preventing shock; and pre­
venting further injury or disability by immobilizing poten­
tial spinal or other bone fractures. 

3.3.37 Marine Rescue and F1re Ftghting. See 3.3.21.2. 

3.3.38* Member. A person involved in performing the duties 
and responsibilities of a frre department, under the auspices 
of the organization. [1500, 2013] 

3.3.39 Mutual Aid. See 3.3.2.2. 

3.3.40 Officer. 

3.3.40.1* Company Officer. A supervisor of a crew/ company 
of personnel. 

3.3.40.2 Incident Safety Officer. A member of the command 
staff responsible for monitoring and assessing safety haz­
ards or unsafe situations and for developing measures for 
ensuring personnel safety. 

3.3.40.3* Supervisory Chief Officer. A member whose re­
sponsibility is to assume comman d through a formalized 
transfer of command process and to allow company offic­
ers to directly supervise personnel assigned to them. 

3.3.41 Operations. 

3.3.41.1 Emergency operations. Activities of the fire depart­
ment relating to rescue, fire suppression, emergency medi­
cal care, and special operations, including response to the 
scene of the incident and all functions performed at the 
scene. [1500, 2013] 

3.3.41.2* special Operations. Those emergency incidents 
to which the fire department responds that require specific 
and advanced training and specialized tools and equip­
ment. [1500, 2013] 

3.3.42 Public Safety Answering Point (PSAP). A facility in 
which 9-1-1 calls are answered. [1221, 2016] 

3.3.43 Quint Apparatus. See 3.3.10.2. 

3.3.44* Rapid Intervention Crew (RIC) . A dedicated crew of 
fire fighters who are assigned for rapid deployment to rescue 
lost or trapped members. 

2016 Edition 
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3.3.44.1 Initial Rapid Intervention Crew (IRIC). Two mem­
bers of the initial attack crew who are assigned for rapid 
deployment to rescue lost or trapped members. 

3.3.45 Rescue. Those activities directed at locating endan­
gered persons at an emergency incident, removing those per­
sons from danger, treating the injured, and providing for 
transport to an appropriate health care facility. [1500, 2013] 

3.3.46 Special Operations. See 3.3.41.2. 

3.3.47 Specialized Apparatus. See 3.3.10.3. 

3-3.48* Staff Aide. A fire fighter or fire officer assigned to a 
supervisory chief officer to assist with the logistical, tactical, 
and accountability functions of incident, division, or sector 
command. 

3.3.49 Standard Operating Procedure. A written organiza­
tional directive that establishes or prescribes specific opera­
tional or administrative methods to be followed routinely 
for the performance of designated operations or actions. 
[1521, 2015] 

3.3.50 Structural Fue FJghting. See 3.3.21.3. 

3.3.51 Supervisory Chief Officer. See 3.3.40.3. 

3.3.52 Team. Two or more members who have been assigned 
a common task and are in communication with each other, 
coordinate their activities as a work group, and support the 
safety of one another. [1081, 2012] 

3.3.53 Tune. 

3.3.53.1 Alarm Answering Time. The time interval that be­
gins when the alarm is received at the communication cen­
ter and ends when the alarm is acknowledged at the com­
munication center. 

3.3.53.2 Alarm Handling Time. The time interval from the 
receipt of the alarm at the primary PSAP until the begin­
ning of the transmittal of the response information via 
voice or electronic means to emergency response facilities 
(ERFs) or the emergency response units (ERUs) in the 
field. 

3.3.53.3 Alarm Processing Time. The time interval from 
when the alarm is acknowledged at the communication 
center until response information begins to be transmitted 
via voice or electronic means to emergency response facili­
ties (ERFs) and emergency response units (ERUs). 

3.3.53.4 Alarm Transfer Time. The time interval from the 
receipt of the emergency alarm at the PSAP until the alarm 
is first received at the communication center. 

3.3.53.5* Initiating Action/Intervention Time. The time in­
terval from when a unit arrives on the scene to the initia­
tion of emergency mitigation. 

3.3.53.6* Total Response Time. The time interval from the 
receipt of the alarm at the primary PSAP to when the first 
emergency response unit is initiating action or intervening 
to control the incident. 

3.3.53.7 Travel Time. The time interval that begins when a 
unit is en route to the emergency incident and ends when 
the unit arrives at the scene. 

3.3.53.8 Turnout Time. The time interval that begins when 
the emergency response facilities (ERFs) and emergency 
response units (ERUs) notification process begins by 

(i.] 
. .... 2016 Edition 

either an audible alarm or visual annunciation or both and 
ends at the beginning point of travel time. 

3.3.54 Total Response Time. See 3.3.53.6. 

3.3.55 Travel Tune. See 3.3.53.7. 

3.3.56 Turnout Tune. See 3.3.53.8. 

Chapter 4 Organization 

4.1 Fire Department Organizational Statement. 

4.1.1 *The authority having jurisdiction (AHJ) shall maintain 
a written statement or policy that establishes the following: 

(1) Existence of the fire department 
(2) Services that the fire department is required to provide 
(3) Basic organizational structure 
( 4) Expected number of fire department members 
(5) Functions that fire department members are expected to 

perform 

4.1.2* The fire department organizational statement shall 
provide service delivery objectives, including specific time ob­
jectives for each major service component [i.e., fire suppres­
sion, emergency medical services (EMS), special operations, 
aircraft rescue and fire fighting, marine rescue and fire fight­
ing, and/ or wildland fire fighting] and objectives for the per­
centage of responses that meet the time objectives. 

4.1.2.1 The fire department shall establish the following ob­
jectives: 

(1) Alarm handling time to be completed in accordance with 
4.1.2.3. 

(2) 80 seconds turnout time for fire and special operations 
response and 60 seconds turnout time for EMS response 

(3)*240 seconds or less travel time for the arrival of the first 
arriving engine company at a fire suppression incident 

(4) For other than high-rise, 480 seconds or less travel time 
for the deployment of an initial full alarm assignment at a 
fire suppression incident 

(5) For high-rise, 610 seconds or less travel time for the de­
ployment of an initial full alarm assignment at a fire sup­
pression incident 

( 6) 240 seconds or less travel time for the arrival of a unit with 
first responder with automatic external defibrillator 
(AED) or higher level capability at an emergency medical 
incident 

(7) 480 seconds or less travel time for the arrival of an ad­
vanced life support (ALS) unit at an emergency medical 
incident, where this service is provided by the fire depart­
ment provided a first responder with AED or basic life 
support (BLS) unit arrived in 240 seconds or Jess travel 
time 

4.1.2.2 The fire department shall document the initiating 
action/intervention time. 

4.1.2.3 Alarm Handling. 

4.1.2.3.1 The fire department shall establish a performance 
objective of having an alarm answering time of not more than 
15 seconds for at least 95 percent of the alarms received and 
not more than 40 seconds for at least 99 percent of the alarms 
received, as specified by NFPA 1221. 
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4.1.2.3.1.1 Any call not answered within 20 seconds shall be 
routed to a secondary answering (alternate) center if the pri­
mary center is full. An alarm should sound if a call is not an­
swered (not processed, just answered) within 60 seconds. 

4.1.2.3.2 When the alarm is received at a public safety answer­
ing point (PSAP) and transferred to a secondary answering 
point or communication center, the agency responsible for 
the PSAP shall establish a performance objective of having an 
alarm transfer time of not more than 30 seconds for at least 
95 percent of all alarms processed, as specified by NFPA 1221. 

4.1.2.3.3 The fire department shall establish a performance 
objective of having an alarm processing time of not more than 
64 seconds for at least 90 percent of the alarms and not more 
than 106 seconds for at least 95 percent of the alarms, as speci­
fied by NFPA 1221. 

4.1.2.3.3.1 Emergency alarm processing for the following call 
types shall be completed within 90 seconds 90 percent of the 
time and within 120 seconds 99 percent of the time: 

(1) Calls requiring emergency medical dispatch questioning 
and pre-arrival medical instructions 

(2) Calls requiring language translation 
(3) Calls requiring the use of a TTY/ TDD device or audio/ 

video relay services 
( 4) Calls of criminal activity that require information vital to 

emergency responder safety prior to dispatching units 
(5) Hazardous material incidents 
(6) Technical rescue 
(7) Calls that require determining the location of the alarm 

due to insufficient information 
(8) Calls received by text message 

4.1.2.4 The fire department shall establish a performance 
objective of not less than 90 percent for the achievement of 
each turnout time and travel time objective specified in 
4.1.2.1. 

4.1.2.5 Evaluations. 

4.1.2.5.1 * The fire department shall evaluate its level of ser­
vice and deployment delivery and alarm handling time, turn­
out time, and travel time objectives on an annual basis. 

4.1.2.5.2* The evaluations shall be based on emergency inci­
dent data relating to level of service, deployment, and the 
achievement of each time objective in each geographic area 
within the jurisdiction of the fire department. 

4.1 .2.6 The fire department shall provide the AHJ with a writ­
ten report annually. 

4.1.2.6.1 The annual reponshall define the geographic areas 
and/ or circumstances in which the requirements of this stan­
dard are not being met 

4.1.2.6.2 The annual report shall explain the predictable 
consequences of these deficiencies and address the steps that 
are necessary to achieve compliance. 

4.2 Fxre Suppression Services. The fire department organiza­
tional statement shall set fonh the criteria for the various types 
of fire suppression incidents to which the fire department is 
required to respond. 

4.3 Emergency Medical Services. 

4.3.1 The fire department organizational statement shall set 
fortl; the criteria for the various types of emergency medical 

incidents to which the fire department is required and/ or ex­
pected to respond. 

4.3.2 The fire department organizational statement shall en­
sure that the fire department's emergency medical response 
capability includes personnel, equipment, and resources to 
deploy at the first responder level with AED or higher treat­
ment level. 

4.3.3 Where emergency medical services beyond the first re­
sponder with AED level are provided by another agency or 
private organization, the AHJ, based on recommendations 
from the fire department, shall include the minimum staffing, 
deployment, and response criteria as required in Section 5.3 
in the following: 

(1) The fire department organizational statement 
(2) Any contract, service agreement, governmental agree­

ment, or memorandum of understanding between the 
AHJ and the other agency or private organization 

4.4 Special Operations. 

4.4.1 The fire department organizational statement shall set 
forth the criteria for the various types of special operations 
response and mitigation activities to which the fire depan­
ment is required or expected to respond. 

4.4.2* The fire department organizational statement shall en­
sure that the fire department's hazardous materials response 
capability includes personnel, equipment, and resources to 
deploy at the first responder operational level as required by 
29 CFR 1910.120. 

4.4.3 The fire department organizational statement shall en­
sure that the fire department's confined space response capa­
bility includes personnel, equipment, and resources to deploy 
at the confined space operational level as required by 29 CFR 
1910.146. 

4.4.4 The fire department organizational statement shall set 
forth the criteria for the various types of fire department re­
sponse during natural disasters or terrorism incidents, weap­
ons of mass destruction incidents, or large-scale or mass casu­
alty events. 

4.5 Airport Rescue and Fire-Fighting Services. The fire de­
partment organizational statement shall set forth the criteria 
for the various types of airport rescue and fire-fighting inci­
dents to which the fire department is required or expected to 
respond. 

4.6 Marine Rescue and Fire-Fighting Services. The fire de­
partment organizational statement shall set forth the criteria 
for the various types of marine rescue and fire-fighting inci­
dents to which the fire department is required or expected to 
respond. 

4.7 Wildland Fire Suppression Services. The fire department 
organizational statement shall set forth the criteria for the 
various types of wildland fire suppression incidents to which 
the fire department is required and/ or expected to respond. 

4.8 Intercommunity Organization. 

4.8.1 * Mutual aid, automatic aid, and fire protection agree­
ments shall be through a written intergovernmental agree­
ment and shall address issues such as liability for injuries and 
deaths, disability retirements, cost of service, authorization to 
respond, staffing, and equipment, including the resources to 
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be made available, availability of interoperable communica­
tions, and the designation of the incident commander. 

4.8.2 Procedures and training of personnel for all fire depart­
ments in mutual aid, automatic aid, and fire protection agree­
ment plans shall be comprehensive to produce an effective 
fire force and to ensure uniform operations. 

Chapter 5 Ytre Department Services 

5.1 Purpose. 

5.1.1 The services provided by the fire department shall in­
clude those activities identified by the organizational state­
ment developed as required by Chapter 4. 

5.1.2 The procedures involved in providing these services, 
including operations and deployment, shall be established 
through written administrative regulations, standard operat­
ing procedures (SOPs), and departmental orders. 

5.2* Fire Suppression Services. 

5.2.1 Fire Suppression Capability. 

5.2.1.1 Fire suppression operations shall be organized to en­
sure that the fire department's fire suppression capability en­
compasses deployment of personnel, equipment, and re­
sources for an initial arriving company, the initial full alarm 
assignment, and additional alarm assignments. 

5.2.1.2 The fire department shall be permitted to use estab­
lished automatic aid and mutual aid agreements to comply 
with the requirements of Section 5.2. 

5.2.2* Staffing. The number of on-duty fire suppression mem­
bers shall be sufficient to perform the necessary fire-fighting 
operations given the expected fire-fighting conditions. 

5.2.2.1 These numbers shall be determined through task 
analyses that take the following factors into consideration: 

(1) Life hazard to the populace protected 
(2) Provisions of safe and effective fire-fighting performance 

conditions for the fire fighters 
(3) Potential property loss 
(4) Nature, configuration, hazards, and internal protection 

of the properties involved 
(5) Types of fireground tactics and evolutions employed as 

standard procedure, type of apparatus used, and results 
expected to be obtained at the fire scene 

5.2.2.2* On-duty members assigned to fire suppression shall 
be organized into company units and shall have appropriate 
apparatus and equipment assigned to such companies. 

5.2.2.2.1 * The fire department shall identify minimum com­
pany staffing levels as necessary to meet the deployment crite­
ria required in 5.2.4 to ensure that a sufficient number of 
members are assigned, on duty, and available to safely and 
effectively respond with each company. 

5.2.2.2.2 Each company shall be led by an officer who shall be 
considered a part of the company. 

5.2.2.2.3* Supervisory chief officers shall be dispatched or no­
tified to respond to all full alarm assignments. 

5.2.2.2.4 The supervisory chief officer shall ensure that the 
incident management system is established as required in Sec­
tion 6.2. 
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5.2.2.2.5* Supervisory chief officers shall have staff aides de­
ployed to them for purposes of incident management and ac­
countability at emergency incidents. 

5.2.3 Operating Units. Fire company staffing requirements 
shall be based on minimum levels necessary for safe, effective, 
and efficient emergency operations. 

5.2.3.1 Fire companies whose primary functions are to pump 
and deliver water and perform basic fire fighting at fires, includ­
ing search and rescue, shall be known as engine companies. 

5.2.3.1.1 These companies shall be staffed with a minimum 
offour on-duty members. 

5.2.3.1.2 In jurisdictions with a high number of incidents or 
geographical restrictions, as identified by the AHJ, these compa­
nies shall be staffed with a minimum of five on-duty members. 

5.2.3.1.2.1 In jurisdictions with tactical hazards, high-hazard 
occupancies, or dense urban areas, as identified by the AHJ, 
these fire companies shall be staffed with a minimum of six 
on-duty members. 

5.2.3.2 Fire companies whose primary functions are to perform 
the variety of services associated with truck work, such as forcible 
entry, ventilation, search and rescue, aerial operations for water 
delivery and rescue, utility control, illumination, overhaul, and 
salvage work, shall be known as ladder or truck companies. 

5.2.3.2.1 These fire companies shall be staffed with a mini­
mum of four on-duty members. 

5.2.3.2.2 In jurisdictions with a high number of incidents or 
geographical restrictions, as identified by theAHJ, these fire com­
panies shall be staffed with a minimum of five on-duty members . 

5.2.3.2.2.1 In jurisdictions with tactical hazards, high-hazard 
occupancies, or dense urban areas, as identified by the AHJ, 
these fire companies shall be staffed with a minimum of six 
on-duty members. 

5.2.3.3 Other Types of Companies. 

5.2.3.3.1 Other types of companies equipped with special­
ized apparatus and equipment shall be provided to assist en­
gine and ladder companies where necessary to support the 
fire departments' SOPs. 

5.2.3.3.2 These companies shall be staffed with the minimum 
number of on-duty members required to deal with the tactical 
hazards, high-hazard occupancies, high incident frequencies, 
geographical restrictions, or other pertinent factors as identi­
fied by the AHJ. 

5.2.3.4 Fire Companies with Quint Apparatus. 

5.2.3.4.1 A fire company that deploys with quint apparatus, 
designed to operate as either an engine company or a ladder 
company, shall be staffed as specified in 5.2.3 . 

5.2.3.4.2 If the company is expected to perform multiple 
roles simultaneously, additional staffing, above the levels 
specified in 5.2.3, shall be provided to ensure that those opera­
tions can be performed as required. 

5.2.4 Deployment. 

5.2.4.1 Single-Family Dwelling Initial Full Alarm Assignment 
Capability. 

5.2.4.1.1 *The initial full alarm assignment to a structure fire 
in a typical 2000 ft2 (186m2) , two-story single-family dwelling 



Copynght 2015 National Fire Protection Association (NFPA). Licensed, by agreement, for individual use and download on September 17, 2015 to CALGARY FIRE FIGHTERS ASSOC for designated user MARK FAIRES. No 
other reproduction or transmission In any form permitted without wntten permission of NFPA. For inquires or to report unauthonzed use, contact licensing@nfpa.org. 

FIRE DEPARTMENT SERVICES 1710-11 

without basement and with no exposures shall provide for the 
following: 

(1) Establishment of incident command outside of the ha2-
ard area for the overall coordination and direction of the 
initial full alarm assignment with a minimum of one mem­
ber dedicated to this task 

(2) Establishment of an uninterrupted water supply of a mini­
mum of 400 gpm (1520 L/ min) for 30 minutes with sup­
ply line(s) maintained by an operator 

(3) Establishment of an effective water flow application rate 
of 300 gpm (1140 L/ min) from two handlines, each of 
which has a minimum flow rate of 100 gpm (380 L/ min) 
with each handline operated by a minimum of two mem­
bers to effectively and safely maintain the line 

( 4) Provision of one support member for each attack and 
backup line deployed to provide hydrant hookup and to as­
sist in laying of hose lines, utility control, and forcible entry 

(5) Provision of at least one victim search and rescue team 
with each such team consisting of a minimum of two 
members 

(6) Provision of at least one team, consisting of a minimum 
of two members, to raise ground ladders and perform 
ventilation 

(7) If an aerial device is used in operations, one member to 
function as an aerial operator tomaintain primary control 
of the aerial device at all times 

(8) Establishment of an IRIC consisting of a minimum of two 
properly equipped and trained members 

5.2.4.1.2 When an incident escalates beyond an initial full 
alarm assignment, or when significant risk is present to the 
member due to the magnitude of the incident, the incident 
commander shall request an EMS crew consisting of a mini­
mum of two members to provide treatment and transport for 
injured members and civilians. 

5.2.4.1.3 When an incident escalates beyond an initial full 
alarm assignment or when significant risk is present to the mem­
bers due to the magnitude of the incident, the incident com­
mander shall upgrade the IRIC to a full rapid intervention 
crew (s) (RIC) that consists of an officer and at least three mem­
bers who are fully equipped and trained in RIC operations. 

5.2.4.2 Open-Air Strip Shopping Center Initial Full Alarm As­
signment Cap ability. 

5.2.4.2.1 * The initial full alarm assignment to a structure fire 
in a typical open-air strip shopfing center ranging from 
13,000 ft2 to 196,000 ft2 (1203 m to 18,209 m2

) in size shall 
provide for the following: 

(1) Establishment of incident command outside the ha2ard 
area for the overall coordination, direction, and safety of 
the initial full alarm assignment with a minimum of two 
members dedicated to managing this task. 

(2) Establishment of two uninterrupted water supplies at a 
minimum of 500 gpm (1892 L/ min) , with each supply 
line maintained by an operator. 

(3) Establishment of an effective water flow application rate 
of 500 gpm (1892 L/ min) from three handlines, each of 
which has a minimum flow rate of 150 gpm (568 L/ min), 
with each handline operated by a minimum of two mem­
bers to effectively and safely maintain each handline. 

( 4) Provision of one support member for each attack, 
backup, and exposure line deployed to provide hydrant 
hookup and to assist in laying of hose lines, utility control, 
and forcible entry. 

(5) Provision of at least two victim search-and-rescue teams, 
each team consisting of a minimum of two members. 

(6) Provision of at least two teams, each team consisting of a 
minimum of two members, to raise ground ladders and 
perform ventilation. 

(7) If an aerial device(s) is used in operations, one member to 
function as an aerial operator and maintain primary con­
trol of the aerial device at all times. 

(8) The establishment of an RIC consisting of an officer and 
at least three members who are fully equipped and traine­
din RIC operations. 

(9) The establishment of an initial medical care component 
consisting of at least two members capable of providing 
immediate on-scene emergency medical support and 
transport that provides rapid access to civilians or mem­
bers potentially needing medical treatment. Where this 
level of emergency medical care is provided by outside 
agencies or organizations, these agencies and organiza­
tions shall be included in the deployment plan and meet 
these requirements. 

5.2.4.3 Apartment Initial Full Alarm Assignment Capability. 

5.2.4.3.1 The initial full alarm assignment to a structure fire in a 
typical1200 ft2 (111 m2

) apartment within a three-story, garden­
style apartment building shall provide for the following: 

(1) Establishment of incident command outside the hazard 
area for the overall coordination, direction, and safety of 
the initial full alarm assignment with a minimum of two 
members dedicated to managing this task. 

(2) Establishment of two uninterrupted water supplies at a 
minimum of 400 gpm (1520 L/ min), with each supply 
line maintained by an operator. 

(3) Establishment of an effective water flow application rate 
of 300 gpm (1140 L/ min) from three handlines, each of 
which has a minimum flow rate oflOO gpm (380 L/ min) , 
with each handline operated by a minimum of two mem­
bers to effectively and safely maintain each handline. 

( 4) Provision of one support member for each attack, 
backup, and exposure line deployed to provide hydrant 
hookup and to assist in laying of hose lines, utility control, 
and forcible entry. 

(5) Provision of at least two victim search-and-rescue teams, 
each team consisting of a minimum of two members. 

(6) Provision of at least two teams, each team consisting of a 
minimum of two members, to raise ground ladders and 
perform ventilation. 

(7) If an aerial device is used in operations, one member to 
function as an aerial operator and maintain primary con­
trol of the aerial device at all times. 

(8) The establishment of an RIC consisting of an officer and 
at least three members who are fully equipped and 
trained in RIC operations. 

(9) The establishment of an initial medical care component 
consisting of at least two members capable of providing 
immediate on-scene emergency medical support, and 
transport that provides rapid access to civilian or mem­
bers potentially needing medical treatment. Where this 
level of emergency medical care is provided by outside 
agencies or organizations, those agencies and organiza­
tions must be included in the deployment plan and meet 
these requirements. 

5.2.4.4* High-Rise Initial Full Alarm Assignment Capability. 

5.2.4.4.1 Initial full alarm assignment to a fire in a building 
with the highest floor greater than 75 ft (23 m) above the 
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lowest level of fire department vehicle access shall provide for 
the following: 

(1) Establishment of a stationary incident command post 
outside the hazard area for overall coordination and di­
rection of the initial full alarm assignment with a mini­
mum of one officer with an aide dedicated to these tasks. 
All operations shall be conducted in compliance with 
the incident command system. 

(2) Establishment of an uninterrupted water supply to the 
building standpipe/ sprinkler connection sufficient to 
support fire attack operations maintained by an opera­
tor. If the building is equipped with a fire pump, one 
additional member with a radio shall also be sent to the 
fire pump location to monitor and maintain operation. 

(3) Establishment of an effective water flow application rate 
on the fire floor at a minimum of 500 gpm (1892 L/ m) 
from two handlines, each operated by a minimum of two 
members to safely and effectively handle the line. 

( 4) Establishment of an effective water flow application rate 
on the floor above the fire floor at a minimum of 
250 gpm (946 L/m) from at least one handline, with 
each handline deployed operated by a minimum of two 
members to safely and effectively handle the line. 

(5) The establishment of an RIC consisting offour properly 
equipped and trained members to replace the !RIC two 
floors below the fire floor (non-IDLH atmosphere) or 
on the ground floor if the fire is on the second floor or 
below. 

(6) Provision of two or more search-and-rescue teams con­
sisting of a minimum of two members each. 

(7) Provision of one officer, with an aide dedicated to these 
tasks, to establish oversight at or near the entry point on 
the fire floor(s) and on the floor above the fire . 

(8) Provision of two or more evacuation management teams 
to assist and direct building occupants with evacuation 
or sheltering actions, with each team consisting of a 
minimum of two members. 

(9) Provision of one or more members to account for and 
manage elevator operations. 

(10) Provision of a minimum of one trained incident safety 
officer. 

(11) Provision of a minimum of one officer two floors below 
the fire floor to manage the interior staging area. 

(12) Provision of a minimum of two members to manage 
member rehabilitation. At least one of the members 
shall be trained to the ALS level. 

(13) Provision of an officer and a minimum of three mem­
bers to conduct vertical ventilation operations. 

(14) Provision of a minimum of one officer to manage the 
building lobby operations. 

(15) Provision of a minimum of two members to transport 
equipment to a location below the fire floor. 

(16) Provision of one officer to manage external base op­
erations. 

(17) Provision of a minimum of two crews trained in emer­
gency medical services with on-scene transport capabil­
ity, each crew with a minimum of two members. At least 
one of the members shall be trained to the ALS level. 

5.2.4.5 Additional Alarm Assignments. 

5.2.4.5.1 * Fire departments that respond to fires in occupan­
cies that present hazards greater than those found in the oc­
cupancy described in 5.2.4.1 shall deploy additional resources 
on the initial alarm. 
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5.2.4.5.2* The fire department shall have the capability to de­
ploy additional alarm assignments that can provide for addi­
tional command staff, members, and additional services, in­
cluding the application of water to the fire; engagement in 
search and rescue, forcible entry, ventilation, and preservation 
of property; safety and accountability for personnel; and pro­
vision of support activities for those situations that are beyond 
the capability of the initial full alarm assignment. 

5.2.4.5.3 An incident safety officer shall be deployed to all 
incidents that escalate beyond an initial full alarm assignment 
or when significant risk is present to members. 

5.2.4.5.4 The incident safety officer shall ensure that the 
safety and health system is established as required in Sec­
tion 6.1. 

5.3* Emergency Medical Services (EMS). The purpose of this 
section shall be to provide standards for the delivery of EMS by 
fire departments. 

5.3.1 The fire department shall clearly document its role, re­
sponsibilities, functions, and objectives for the delivery of EMS. 

5.3.1.1 EMS operations shall be organized to ensure that the 
fire department's emergency medical capability includes 
members, equipment, and resources to deploy the initial arriv­
ing company and additional alarm assignments. 

5.3.1.2 The fire department shall be permitted to use estab­
lished automatic aid or mutual aid agreements to comply with 
the requirements of Section 5.3. 

5.3.2* System Components. 

5.3.2.1 Treatment Levels. 

5.3.2.1.1 The basic treatment levels within an EMS system, 
for the purposes of this standard, shall be categorized as first 
responder, basic life support (BLS), and advanced life support 
(ALS). 

5.3.2.1.2 The specific patient treatment capabilities associ­
ated with each level shall be determined by the AHJ based on 
the requirements for approval and licensing of EMS providers 
within each state or province. 

5.3.2.2 Training Levels. 

5.3.2.2.1 The minimal level of training for all members that 
respond to emergency incidents shall be to the first responder/ 
AEDlevel. 

5.3.2.2.2 The AHJ shall determine if further training is re­
quired. 

5.3.3 EMS System Functions. 

5.3.3.1 The AHJ shall determine which of the following com­
ponents of an EMS system the fire department shall be respon­
sible for providing: 

(1) Initial response to provide medical treatment at the loca­
tion of the emergency (first responder with AED capabil­
ity or higher) 

(2) BLS response 
(3) ALS response 
( 4) Patient transport in an ambulance or alternative vehicle 

designed to provide for uninterrupted patient care at the 
ALS or BLS level while en route to a medical facility 

(5) Assurance of response and medical care through a quality 
management program 
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5.3.3.2 Staffing. 

5.3.3.2.1 On-duty EMS units shall be staffed with the mini­
mum members necessary for emergency medical care relative 
to the level of EMS provided by the fire department. 

5.3.3.2.2 EMS staffing requirements shall be based on the 
minimum levels needed to provide patient care and member 
safety. 

5.3.3.2.2.1 Units that provide emergency medical care shall 
be staffed at a minimum with members trained to the first 
responder I AED level. 

5.3.3.2.2.2 Units that provide BLS transport shall be staffed 
and trained at the level prescribed by the state or provincial 
agency responsible for providing EMS licensing. 

5.3.3.2.2.3 Units that provide ALS transport shall be staffed 
and trained at the level prescribed by the state or provincial 
agency responsible for providing EMS licensing. 

5.3.3.3 Service Delivery Deployment. 

5.3.3.3.1 The fire department shall adopt service delivery ob­
jectives based on time standards for the deployment of each 
service component for which it is responsible. 

5.3.3.3.2 Personnel deployed to ALS emergency responses 
shall include a minimum of two members trained at the emer­
gency medical technician-paramedic level and two members 
trained at the emergency medical technician-basic level arriv­
ing on scene within the established travel time. 

5.3.4 Quality Management. 

5.3.4.1 The fire department shall institute a quality manage­
ment program to ensure that the service has met time objec­
tives as required in 4.1.2 for all medical responses. 

5.3.4.2 Fire Department Medical Personnel Review. 

5.3.4.2.1 All first responder and BLS medical care provided 
by the fire department shall be reviewed by the fire depart­
ment medical personnel. 

5.3.4.2.2 This review process shall be documented. 

5.3.4.3 Medical Director Review. 

5.3.4.3.1 All fire departments with ALS services shall have a 
named medical director with the responsibility to oversee and 
ensure quality medical care in accordance with state or provin­
cial laws or regulations. 

5.3.4.3.2 This review process shall be documented. 

5.3.4.4 Fire departments providing ALS services shall provide 
a mechanism for immediate communications with EMS super­
vision and medical oversight. 

5.4 Special Operations Response. Special operations shall be 
organized to ensure that the fire department's special opera­
tions capability includes members, equipment, and resources 
to deploy the initial arriving company and additional alarm 
assignments providing such services. 

5.4.1 The fire department shall be permitted to use estab­
lished automatic aid or mutual aid agreements to comply with 
the requirements of Section 5.4. 

5.4.2 The fire department shall adopt a special operations 
response plan and SOPs that specify the roles and responsibili­
ties of the fire department and the authorized functions of 

members responding to hazardous materials emergency inci­
dents. 

5.4.3 All fire department members expected to respond to 
emergency incidents beyond the first responder operations 
level for hazardous materials response shall be trained to the 
applicable requirements ofNFPA472. 

5.4.4 All fire department members expected to respond to 
emergency incidents beyond the confined space operations 
level for confined space operations shall be trained to the ap­
plicable requirements ofNFPA 1670. 

5.4.5 The fire department shall have the capacity to imple­
ment an RIC during all special operations incidents that 
would subject members to immediate danger or injury in the 
event of equipment failure or other sudden events, as re­
quired by NFPA 1500. 

5.4.6 If a higher level of emergency response is needed be­
yond the capability of the fire department for special opera­
tions, the fire department shall determine the availability of 
outside resources that deploy these capabilities and the proce­
dures for initiating their response. 

5.4.7 The fire department shall limit its activities to only 
those specific special operations functions for which its mem­
bers have been trained and are correctly equipped. 

5.5 Airport Rescue and Fu:e-Fighting (ARFF) Services. 

5.5.1 Airport fire departments shall adopt operations re­
sponse plans and SOPs that specify the roles and responsibili­
ties for nonaircraft incidents as required by 5.1.2. 

5.5.2 ARFF operations shall be organized to ensure that the 
fire department's capability includes members, equipment, 
and resources to deploy the initial arriving company, the ini­
tial full alarm assignment, and additional alarm assignments 
as required in 5.2.4. 

5.5.3 Airport fire departments shall have access to special 
tools, equipment, supplies, personal protective equipment 
(PPE) , and other airport resources that are required to per­
form operations in their assigned roles and responsibilities. 

5.5.4 Deployment. 

5.5.4.1 The airport fire department shall deploy the required 
number of ARFF vehicles required for the airport's assigned 
category as established by NFPA 403. 

5.5.4.2 Airport fire department companies equipped with 
specialized apparatus and equipment shall be provided to as­
sistARFF companies where deemed necessary as identified in 
5.5.1. 

5.5.4.3 Airport fire department companies that deploy to 
structure fire incidents on airport property shall meet the time 
objective requirements of 4.1.2. 

5.5.4.4 Airport fire department companies that deploy to 
emergency medical incidents on airport property shall meet 
the time objective requirements of 4.1.2. 

5.5.4.5 The airport fire department shall be permitted to use 
established automatic aid or mutual aid agreements to comply 
with the requirements of Section 5.5. 

5.5.5 Staff'mg. 

5.5.5.1 Airport fire department ARFF companies shall be 
staffed as required by NFPA 403. 
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5.5.5.2 Airport fire department companies that deploy to 
structure fire incidents on airport property shall meet the 
staffing requirements of 5.2.2. 

5.5.5.3 Airport fire department companies that deploy to 
emergency medical incidents on airport property shall meet 
the staffing requirements of 5.3.3.2. 

5.5.6 Emergency Operations. 

5.5.6.1 At all emergency scene operations, an incident man­
agement system shall be used that meets the requirements of 
Section 6.2. 

5.5.6.2* Incident command shall be established outside of the 
hazard area for the overall coordination and direction of the 
initial full alarm assignment 

5.5.6.3 An member shall be dedicated to the task of incident 
commander. 

5.5.6.4 Incident Safety Officer. 

5.5.6.4.1 An incident safety officer shall be deployed to all 
incidents that escalate beyond a full alarm assignment or 
when members face significant risk. 

5.5.6.4.2 The incident safety officer shall ensure that the 
safety and health system is established as required in Sec­
tion 6.1. 

5.6* Marine Rescue and Fire-Fighting (MRFF) Services. 

5.6.1 MRFF operations shall be organized to ensure that the 
fire department's marine capability includes members, equip­
ment, and resources to deploy to the alarm assignments asso­
ciated with a marine emergency incident 

5.6.2 Response Plan. 

5.6.2.1 The fire department shall adopt a marine operations 
response plan and SOPs that specify the roles and responsibili­
ties of the fire department and the authorized functions of 
members responding to marine emergencies. 

5.6.2.2 Fire department marine operations response plans 
and SOPs shall be coordinated with the applicable agencies, 
such as the port or harbor authority and supporting agencies. 

5.6.3 Marine fire departments shall have access to special 
tools, equipment, supplies, PPE, and other marine resources 
that are required to perform operations in their assigned roles 
and responsibilities. 

5.6.4 Staffing. 

5.6.4.1 Numbers of On-Duty Marine Personnel. 

5.6.4.1.1 On-duty marine personnel shall consist of the num­
ber necessary for fire-fighting performance relative to the ex­
pected MRFF conditions. 

5.6.4.1.2 On-duty marine members numbers shall be deter­
mined through task analyses as required for types of marine 
vessels and through additional task analyses that take the fol­
lowing factors into consideration: 

(1) Life hazard to the populace protected 
(2) Provisions of safe and effective fire-fighting performance 

conditions for the members 
(3) Potential property loss 
(4) Nature, configuration, hazards, and internal protection 

of the properties involved 
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(5) Types of tactics and evolutions employed as standard pro­
cedure, type of marine vessel used, and results expected 
to be obtained at the fire scene 

(6) Requirements of the regulatory AHJs over navigable wa-
ters, ports, and harbors 

5.6.4.2 Organization of On-Duty Members. 

5.6.4.2.1 On-duty members assigned to marine fire fighting 
shall be organized into company units and shall have required 
vessels and equipment assigned to such companies. 

5.6.4.2.2 Each marine company shall be Jed by an officer who 
shall be considered a part of the company. 

5.6.5 Operating Units. 

5.6.5.1 * Fire companies whose primary function is to deliver 
and pump water and extinguishing agents at the scene of a 
marine incident shall be known as marine companies. 

5.6.5.2 These companies shall be staffed with a minimum num­
ber of on-duty members as required by the tactical and occu­
pancy hazards to which the marine vessel responds and by the 
regulatory AHJs over navigable waters, ports, and harbors. 

5.7 WJ.ldland Fire Suppression Services. 

5.7.1 Wildland fire suppression operations shall be organized 
to ensure that the fire department's wildland fire suppression 
capability includes members, equipment, and resources to de­
ploy wildland direct operations that can address marginal situ­
ations before they get out of control and wildland indirect 
fire-fighting operations that can be assembled and placed into 
operation against major wildland fires. 

5.7.2 Organization. 

5.7.2.1 Fire departments performing wildland operations 
shall adopt a wildland fire-fighting operations response plan 
and SOPs that specify the roles and responsibilities of the fire 
department and the authorized functions of members re­
sponding to wildland fire emergencies. 

5. 7 .2.2 All wildland fire suppression operations shall be orga­
nized to ensure compliance with NFPA 1143. 

5.7.3 Fire departments performing wildland operations shall 
have access to special tools, equipment, supplies, PPE, and 
other wildland resources· that are required to perform opera­
tions in their assigned roles and responsibilities. 

5.7.4 Staff'mg. The number of on-duty wildland fire-fighting 
personnel shall be sufficient to perform the necessary fire­
fighting operations given the expected wildland fire-fighting 
conditions. 

5.7.4.1 On-duty wildland fire-fighting members numbers 
shall be determined through task analyses that take the follow­
ing factors into consideration: 

(1) Life hazard to the populace protected 
(2) Provisions of safe and effective fire-fighting performance 

conditions for the members 
(3) The number of trained response members available to 

the department, including mutual aid resources 
( 4) Potential property Joss 
(5) Nature, configuration, hazards, and internal protection 

of the properties involved 
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(6) Types of wildland tactics and evolutions employed as stan­
dard procedure, type of apparatus used, and results ex­
pected to be obtained at the fire scene 

(7) Topography, vegetation, and terrain in the response 
area(s) 

5.7.4.2 On-duty personnel assigned to wildland operations 
shall be organized into company units and shall have required 
apparatus and equipment assigned to such companies. 

5.7.4.2.1 The fire department shall identify minimum com­
pany staffing levels necessary to meet the deployment criteria 
to ensure that a sufficient number of members are assigned, 
on duty, and available to respond with each company. 

5.7.4.2.2 Each company shall be led by an officer who shall be 
considered a part of the company. 

5.7.4.2.3 Supervisory chief officers shall be dispatched or no­
tified to respond to all full alarm assignments. 

5. 7 .4.2.4 The supervisory chief officer shall ensure that the inci­
dent management system is established as required in Sec­
tion 6.2. 

5.7.5 Operating Units. Fire companies whose primary func­
tion is to deliver and pump water and extinguishing agents 
at the scene of a wildland fire shall be known as wildland 
companies. 

5.7.5.1 These companies shall be staffed with a minimum of 
four on-duty members. 

5. 7 .5.2 Engine and ladder (truck) companies that respond to 
wildland fire fighting and/ or urban interface wildland fire 
fighting incidents shall be staffed as required by 5.2.3. 

5.7.5.3 Other Types of Companies. 

5.7.5.3.1 Other types of companies equipped with special­
ized apparatus and equipment for wildland fire fighting, in­
cluding aircraft, heavy equipment, mini pumpers, and fast at­
tack vehicles, shall be provided to assist wildland engine and 
ladder companies where deemed necessary as part of estab­
lished practice. 

5.7.5.3.2 These companies shall be staffed with a minimum 
number of on-duty personnel as required by the tactical, topo­
graphical, environmental, fuel (vegetation), and occupancy 
hazards. 

5.7.6 Deployment. 

5.7.6.1 Required Number of Vehicles. 

5.7.6.1.1 The fire department shall deploy from its wildland 
resources the number of vehicles required for a direct and/ or 
indirect attack. 

5. 7 .6.1.2* Prior to the initiation of any wildland fire attack, the 
fire department shall have the capacity to establish a lookout(s), 
communications with all crew members, escape route(s), and 
safety zone(s) for vehicles and members. 

5.7.6.2 DirectAttack. 

5.7.6.2.1 The fire department shall have the capability to ini­
tiate a direct wildland attack within 10 minutes after arrival of 
the initial company or crew at the fire scene. 

5.7.6.2.2 One member in the first arriving company or crew 
shall be assigned as the incident commander for the overall 
coordination and direction of the direct attack activities. 

5.7.6.2.3 The direct wildland attack shall include the estab­
lishment of an effective water flow application rate of 30 gpm 
(114 L/ min) from at least two 500ft (150m) 1lh in. (38 mm) 
diameter attack handlines from two engines. 

5.7.6.2.4 Each attack handline shall be operated by a mini­
mum of two members to deploy and maintain the line. 

5.7.6.2.5 One operator shall remain with each fire appara­
tus supplying water flow to ensure uninterrupted water flow 
application. 

5.7.6.2.6 A wildland crew leader or company officer shall be 
provided with each crew to be responsible for overall supervi­
sion of each of the crew and for maintaining personnel ac­
countability and crew safety. 

5.7.6.3 lndirectAttack. 

5.7.6.3.1 The fire department providing wildland fire sup­
pression operations shall have the capability to deploy an indi­
rect attack, including application of water to the fire, engage­
ment in search and rescue and preservation of property, 
accountability for personnel, and provision of support activi­
ties for those situations that are beyond the capability of the 
direct attack. 

5.7.6.3.2 An incident safety officer shall be deployed to all 
incidents that escalate beyond a direct attack alarm assign­
ment or when members face significant risk. 

5.7.7 Non-Wildland Emergencies. 

5. 7.7 .1 Wildland companies that deploy to structure fire inci­
dents shall meet the time objective requirements of 4.1.2. 

5.7.7.2 Wildland companies that deploy to emergency medical 
incidents shall meet the time objective requirements of 4.1.2. 

Chapter 6 Systems 

6.1 Safety and Health System. A fire-fighter occupational 
safety and health program shall be provided in accordance 
with NFPA 1500. 

6.2* Incident Management System. 

6.2.1 An incident management system shall be provided in 
accordance with NFPA 1561 to form the basic structure of all 
emergency operations of the fire department, regardless of 
the scale of the department or the emergency. 

6.2.2* An incident management system shall be designed to 
manage incidents of different types, including structure fires , 
wildland fires, hazardous materials incidents, emergency 
medical operations, and other types of emergencies that could 
be encountered by the department. 

6.3 Training Systems. 

6.3.1 The fire department shall have a training program and 
policy that ensure that members are trained and competency 
is maintained to execute all responsibilities consistent with the 
department's organization and deployment as addressed in 
Chapters 4 and 5. 

6.3.2 The agency must demonstrate in its annual report that 
it has ensured competency for necessary knowledge, skills, 
and abilities based on the community's specific hazards and 
risks, to include at least the hazards specifically addressed in 
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this standard, for each member that is considered part of the 
effective response force. 

6.3.3 The agency must adopt training standards based on the 
sited hazards and risk, set appropriate objectives to achieve 
the standards, and demonstrate that it is meeting the objec­
tives as part of demonstrating training and competency. 

6.4 Communications Systems. 

6.4.1 The fire department shall have a reliable communica­
tions system to facilitate prompt delivery of public fire sup­
pression, EMS, and special operations. 

6.4.2 All communications facilities, equipment, staffing, op­
erating procedures, performance objectives, and reporting 
shall comply with NFPA 1221. 

6.4.3 Operating procedures for radio communications shall 
provide for the use of standard protocols and terminology at 
all types of incidents. 

6.4.4 Standard terminology, in compliance with NFPA 1561, 
shall be established to transmit information, including strate­
gic modes of operation, situation reports, and emergency no­
tifications of imminent hazards. 

6-5* Pre-Incident Planning. 

6.5.1 The fire department shall set forth operational require­
ments to conduct pre-incident planning. 

6.5.2 Particular attention shall be provided to all target hazards. 

Annex A Explanatory Material 

Annex A is not a part of the requirements of this NFPA document 
but is included for informational purposes only. This annex contains 
explanatory material, numbered to correspond with the applicable text 
paragraphs. 

A.l.l The standard includes minimum requirements that are 
intended to provide effective, efficient, and safe protective ser­
vices that operate on a sound basis to prevent fires, reduce risk 
to lives and property, deal with incidents that occur, and pre­
pare for anticipated incidents. It sets minimum standards con­
sidered necessary for the provision of public fire protection by 
career fire departments. It addresses the structure and opera­
tion of organizations providing such services, including fire 
suppression and other assigned emergency response responsi­
bilities, which include EMS and special operations. 

A.l.2.1 A fundamental concept of fire risk is associated with 
modem society. Public fire service organizations are expected 
to reduce the risk within their areas of jurisdiction by taking 
measures to prevent the outbreak of fires, limit the extent and 
severity of fires, provide for the removal or rescue of endan­
gered persons, control and extinguish fires that occur within 
the jurisdiction, and perform other emergency response op­
erations and delivery of EMS. 

The cumulative effects of preventive efforts, risk reduction 
and control, and fire suppression capabilities result in variable 
levels of risk to the jurisdictions and their residents. 

The risk remaining after deducting the cumulative effect of 
the public fire service organization's efforts is the responsibil­
ity of each individual, including owners, operators, occupants, 
and casual visitors to properties. It should be noted that fire 
risk cannot be completely avoided or eliminated. 

!lJ 2016 Edition 

A.l.4 Nothing in this standard is intended to prohibit the use of 
systems, methods, or approaches of equivalent or superior per­
formance to those prescribed by this standard. The equivalency 
statement contained in this standard allows jurisdictions to use 
other "systems, methods, or approaches" to meet requirements 
of the standard if they can validate and document in writing that 
such are equal or superior to the requirements contained in the 
standard. This equivalency statement is not intended to allow any 
jurisdiction or fire department to reduce the requirements in the 
standard and still claim compliance. Moreover, it specifically re­
quires any jurisdiction relying on "equivalent" systems, methods, 
or approaches to validate, demonstrate, and document in writing 
that the standard is equal or superior to the requirements con­
tained in this standard. 

The authority having jurisdiction (AHJ) determines what 
systems, methods, or approaches are equivalent or superior in 
performance. The AHJ should approach the assessment by re­
viewing the overall public fire protection and EMS system per­
formance. 

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce­
dures, equipment, or materials; nor does it approve or evalu­
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author­
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic­
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 

A.3.2.2 1\.uthority Having Jurisdiction (AHJ). The phrase "au­
thority having jurisdiction," or its acronym AHJ, is used in 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. Where pub­
lic safety is primary, the authority having jurisdiction may be a 
federal, state, local, or other regional department or indi­
vidual such as a fire chief; fire marshal; chief of a fire preven­
tion bureau, labor department, or health department; build­
ing official; electrical inspector; or others having statutory 
authority. For insurance purposes, an insurance inspection de­
partment, rating bureau, or other insurance company repre­
sentative may be the authority having jurisdiction. In many 
circumstances, the property owner or his or her designated 
agent assumes the role of the authority having jurisdiction; at 
government installations, the commanding officer or depart­
mental official may be the authority having jurisdiction. 

A.3.3.2.1 Automatic Aid. Automatic aid is established through 
a written intergovernmental agreement that provides for the 
simultaneous dispatch of a predetermined response of per­
sonnel and equipment to a neighboring jurisdiction upon re­
ceipt of an alarm and is included as part of a communication 
center's dispatch protocols. 

A.3.3.4 Aircraft Rescue and Fire-Fighting (ARFF) Vehicle. 
The apparatus is typically equipped with a large water tank 
[commencing at 1000 gal (3800 L) and extending to over 
6000 gal (22,800 L)]; a supply of fire-fighting extinguishing 
agents; remote-controlled large roof turret (s), extendable tur­
ret nozzle(s), and bumper turret(s) (ground sweep nozzles) 
that are used for the discharge of extinguishing agent; and 
pre-connected handlines. 
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A.3.3.5 Alarm. In some jurisdictions, an alarm is referred to as 
an incident or call for service. 

A.3.3.13 Company. For fire suppression and other emergency 
operations, in some jurisdictions, the response capability of 
the initial arriving company is configured with two apparatus 
operating together. This can be a result of apparatus not being 
configured with seated and belted positions for four mem­
bers, therefore requiring a second vehicle to carry additional 
personnel. It can also be the result of the fire department's 
SOPs, which require two apparatus operating together to com­
plete the operational procedures. The objective is to ensure 
that a minimum of four personnel are assigned to and de­
ployed as a company. The two (or more) pieces of apparatus 
would always be dispatched and respond together as a single 
company. Some examples of this include the following: 

(1) A pumper and tanker/tender that would be responding 
together outside a municipal water district 

(2) A multiple-piece company, specified as such in a fire de­
partment's SOPs, such as an engine or ladder company 
that responds with a rescue unit, water tender, or other 
type of apparatus 

(3) A company that consists of a pumper with an additional 
vehicle as a personnel carrier 

( 4) A pumper and an ambulance or rescue unit that always 
respond together 

A.3.3.21.1 Aircraft Rescue and Frre Fighting. Such rescue and 
fire-fighting actions are performed both inside and outside of 
the aircraft. 

A.3.3.21.2 Marine Rescue and Fire Fighting. Marine compa­
nies can be utilized for special operations, including a plat­
form for dive and scuba operations and for providing a secure 
water supply for land-based operations. 

A.3.3.23 Fire Suppression. Fire suppression includes all activi­
ties performed at the scene of a fire incident or training exer­
cise that expose fire department members to the dangers of 
heat, flame, smoke, and other products of combustion, explo­
sion, or structural collapse. [1500, 2013] 

A.3.3.24 First Responder (EMS). A first responder also assists 
higher level EMS providers. 

A.3.3.26 Hazard. Hazards include the characteristics of facili­
ties, equipment systems, property, hardware, or other objects; 
and the actions and inactions of people that create such hazards. 

A.3.3.28 High-Hazard Occupancy. These occupancies in­
clude schools, hospitals, and other special medical facili­
ties, nursing homes, high-risk residential occupancies, 
neighborhoods with structures in close proximity to one 
another, high-rise buildings, explosives plants, refineries, 
and hazardous materials occupancies. 

A.3.3.30 Incident Management System (IMS) . The system 
should be consistent with NIMS and the National Response 
Framework. The system is also referred to as an incident com­
mand system (ICS). 

A.3.3.36.2 Basic Life Support (BLS). Basic life support could 
also include expediting the safe and timely transport of the 
patient to a hospital emergency department for definitive 
medical care. 

A.3.3.38 Member. A fire department member can be a full­
time or part-time employee or a paid or unpaid volunteer, can 

occupy any position or rank within the fire department, and 
can engage in emergency operations. [1500, 2013] 

A.3.3.40.1 Company Officer. This person can be someone ap­
pointed in an acting capacity. The rank structure could be 
either sergeant, lieutenant, or captain. 

A.3.3.40.3 Supervisory Chief Officer. The position of supervi­
sory chief officer is above that of a company officer, who re­
sponds automatically and/ or is dispatched to an alarm beyond 
the initial alarm capabilities, or other special calls. In some 
jurisdictions, this is the rank of battalion chief, district chief, 
deputy chief, assistant chief, or senior divisional officer (U.K 
fire service) . 

A.3.3.41.2 Special Operations. Special operations include wa­
ter rescue, extrication, hazardous materials, confined space 
entry, high-angle rescue, aircraft rescue and fire fighting, and 
other operations requiring specialized training. [1500, 2013] 

A.3.3.44 Rapid Intervention Crew (RIC). The RIC reports di­
rectly to the incident commander or operations chief. This 
dedicated crew is not to be confused with the IRIC. 

A.3.3.48 Staff Aide. This member is assigned to a supervisory 
chief officer who assists at incident scene operations, which 
can include personnel accountability, communications, and 
other logistical and administrative support. In addition, this 
member can assist in coordinating training activities, respond 
to citizen inquiries, coordinate staffing issues and sick leave 
follow-up, and assign resource allocations for facilities and ap­
paratus under the supervisory chief officer's jurisdiction. Staff 
aides can be known as field incident technician, staff assistant, 
battalion fire fighter, or battalion adjutant. 

A.3.3.53.5 Initiating Action/ Intervention Tune. A benchmark 
time frame isn't set to initiate a mitigating action or take other 
steps to intervene in resolving the issue that created the inci­
dent. Fire departments should track these times based on 
their SOPs and evaluate the data based on the nature of the 
incident. 

A.3.3.53.6 Total Response Tune. A "cascade of events" chart, 
shown as Figure A.3.3.53.6, is provided to assist understanding 
the relationship between NFPA 1221, NFPA 1710, and Initiat­
ing Time/Intervention Time (currently not addressed by a 
single NFPA standard). Three phases are included in total re­
sponse time. They are as follows: 

(1) Phase One - Alarm Handling Time, which includes 
alarm transfer time, alarm answering time, and alarm pro­
cessing time (addressed by NFPA 1221) 

(2) Phase Two- Turnout Time and Travel Time (addressed 
by NFPA 1710) 

(3) Phase Three- Initiating Action/Intervention Time 

A.4.1.1 TheAHJ generally has the responsibility to determine 
the following: 

(1) Scope and level of service provided by the fire department 
(2) Necessary level of funding 
(3) Necessary level of personnel and resources, including 

facilities 

To provide service, the AHJ should have the power to levy 
taxes or solicit funding, to own property and equipment, and 
to cover personnel costs. The authority necessary is conveyed 
by law to a local jurisdiction. 

In addition, the governing body also should monitor the 
achievement of the management goals of the department, 
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• If alarms are received directly at the fire department communication 
center and not transferred from a PSAP, alarm transfer time is zero. 

FlGURE A.3.3.53.6 Cascade of Events Chart. 

such as fire prevention, community life safety education, fire 
suppression, employee training, communications, mainte­
nance, and department administration. 

The organizational statement is a very important basis for 
many of the provisions of this standard. The statement sets 
forth the legal basis for operating a fire department, the orga­
nizational structure of the fire department, number of mem­
bers, training requirements, expected functions, and authori­
ties and responsibilities of various members or defined 
positions. 

A key point is to clearly set out the specific services the fire 
department is authorized and expected to perform. Most fire 
departments are responsible to a governing body. The govern­
ing body has the right and should assert its authority to set the 
specific services and the limits of the services the fire depart­
ment will provide. It also has the responsibility to furnish the 
necessary resources for delivery of the designated services. 
The fire department should provide its governing body with a 
specific description of each service, with options or alterna­
tives and an accurate analysis of the costs and resources 
needed for each service. 

Such services could include structural fire fighting, wild­
land fire fighting, airport/aircraft fire fighting, emergency 
medical services, hazardous materials response, high-angle 
rescue, heavy rescue, and others. 

Spelling out the specific parameters of services to be pro­
vided allows the fire department to plan, staff, equip, train, 
and deploy members to perform these duties. It also gives the 
governing body an accounting of the costs of services and al­
lows it to select those services it can afford to provide. Like­
wise, the governing body should identify services it cannot af­
ford to provide and cannot authorize the fire department to 
deliver, or it should assign those services to another agency. 

The factors that should be included in the AHJ's risk assess­
ment process include adopted building codes, required fire/ 
life safety related engineering controls, accepted service deliv­
ery performance objectives, complexity of facilities, and 
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occupancy hazards (low, medium, and high) within the juris­
diction. 

The fire department should be no different than any other 
government agency that has the parameters of its authority 
and services clearly defined by the governing body . 

Legal counsel should be used to ensure that any statutory 
services and responsibilities are being met. 

The majority of public fire departments are established un­
der the charter provisions of their governing body or through 
the adoption of statutes. These acts define the legal basis for 
operating a fire department, the mission of the organization, 
the duties that are authorized and expected to be performed, 
and the authority and responsibilities that are assigned to cer­
tain members to direct the operations of the fire department. 

The documents that officially establish the fire department 
as an identifiable organization are necessary to determine spe­
cific responsibilities and to determine the parties responsible 
for compliance with the provisions of this standard. 

In many cases, these documents can be part of state laws, a 
municipal charter, or an annual budget In such cases, it 
would be appropriate to make these existing documents part 
of the organizational statement, if applicable. 

A.4.1.2 There can be incidents or areas where the response 
criteria are affected by circumstances such as response person­
nel who are not on duty, unstaffed fire station facilities, natural 
barriers, traffic congestion, insufficient water supply, and den­
sity of population or property. The reduced level of service 
should be documented in the written organizational state­
ment by the percentage of incidents and geographical areas 
for which the total response time criteria are achieved. 

Additional service delivery performance objectives should 
be established by the AHJ for occupancies other than those 
identified within the standard for benchmark single-family 
dwellings. Factors to be considered include specific response 
areas (i.e., suburban, rural, and wilderness) and occupancy 
hazards. 
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A.4.1.2.1(3) This service delivery requirement is intended to 
have a fire department plan and situate its resources to consis­
tently meet a 240-second travel time for the initial company 
fire suppression response; for other than high-rise, a 480-sec­
ond travel time for the full alarm fire response assignment; 
and for high-rise, a 610-second travel time for the full alarm 
fire response assignment. 

A.4.1.2.5.1 The evaluation of the fire department's provided 
level of service needs to be performed against the AHJ's estab­
lished service delivery performance objectives. These objec­
tives should be based on a jurisdictional risk assessment. The 
objectives established within this standard are based on a 
2000 ft2 (186 m2

), two-story, single-family home without a 
basement and having no exposures. The AHJ's response ob­
jectives should be established based on numerous factors such 
as the circumstances affecting response personnel, adopted 
building codes, required fire/life safety-related engineering 
controls, accepted turnout/ travel times, complexity of facili­
ties, and occupancy hazards within the jurisdiction. 

A.4.1.2.5.2 The collection of data is required to determine 
the organization's ability to meet its locally determined objec­
tives and the performance objectives contained in the stan­
dard with regard to emergency incidences (warning lights and 
sirens). Organizations respond to numerous types of emer­
gency and nonemergency incidents. While the collection and 
analysis of all of the response data is important, attainment of 
the 90 percent objective is only to be evaluated against emer­
gency incident responses. 

A.4.4.2 Occupational Safety and Health Administration 
(OSHA) regulations require that all fire departments be 
trained to respond to hazardous materials incidents at the first 
responder operations leveL 

Title ill of the Superfund Amendments and Reauthoriza­
tion Act of 1986 (SARA), known as the Emergency Planning 
and Community Right-to-Know Act, established requirements 
for federal, state, and local governments and industrial facili­
ties regarding emergency planning for spills or other releases, 
community right-to-know, and reporting of hazardous and 
toxic chemicals. 

The Emergency Planning and Community Right-to-Know 
Act covers the following four major areas that provide the fire 
service and communities with a broad perspective on the 
chemical hazards within the local area and those at individual 
facilities : 

(1) Sections 301 through 303- emergency planning 
(2) Section 304- emergency release notification 
(3) Sections 311 and 312- community right-to-know report-

ing requirements 
(4) Section 313- toxic chemical release inventory 

A.4.8.1 Where appropriate, the mutual aid agreement 
should include automatic responses on first alarms (automatic 
aid). This concept contemplates joint response of designated 
apparatus and personnel on a predetermined running assign­
ment basis. 

Mutual aid concepts should be considered on a regional 
basis. In an effective mutual aid arrangement, each fire de­
partment should retain reserves of personnel and apparatus. 
Traditionally and legally, overall command of the incident is 
vested with the senior officer of the jurisdiction experiencing 
the emergency. 

Some areas use consolidated dispatching to coordinate the 
response of fire companies to assist an outside fire depart-

ment. The management of responses can be made easier by 
utilizing computerization, "running cards," and other advance 
planning. 

A.5.2 Suppression capability is an expression of how much 
fire-fighting power can be put into action when there is a fire. 
It includes the amount of apparatus, equipment, and person­
nel available; the time needed to respond and place equip­
ment in action; the water supply; the application of strategy 
and tactics; the level of training; and all of the components 
that add up to effective fireground operations. 

A.5.2.2 For more information, see NFPA 1250; FEMA, Na­
tional Fire Academy, "Fire Risk Analysis: A Systems Approach"; 
and Phoenix, A:z, Fire Department, "Fire Department Evalua­
tion System (FIREDAP)." 

A.5.2.2.2 For further information on companies, see 3.3.13 
and A3.3.13. 

A.5.2.2.2.1 An early, aggressive, and offensive primary inte­
rior attack on a working fire, where feasible, is usually the most 
effective strategy to reduce loss oflives and property damage . 
In Figure A5.2.2.2.1, the line, which combines temperature 
rise and time, represents a rate of fire propagation in an un­
sprinklered room and roughly corresponds to the percentage 
of property destruction. At approximately 10 minutes into the 
fire sequence, the hypothetical room of origin flashes over. 
Extension outside the room begins at that point. 
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FIGURE A.5.2.2.2.1 Fire Propagation Curve. 
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Consequently, given that the progression of a structure fire 
to the point of flashover (i.e., the very rapid spreading of the 
fire due to superheating of room contents and other combus­
tibles) generally occurs in less than 10 minutes, two of the 
most important elements in limiting fire spread are the quick 
arrival of sufficient personnel and equipment to attack and 
extinguish the fire as close to the point of its origin as possible. 
For more information, refer to Fire Service Today, "Reduced 
Staffing: At What Cost," and NIST, "Hazard I Fire Hazard As­
sessment Method." Also, refer to National Fire Academy, "Fire 
Risk Analysis: A Systems Approach," and Office of the Ontario 
Fire Marshal, Shaping the Future of Fire Ground Staffing and Deliv­
ery Systems Within a Comprehensive Fire Safety Effectiveness Model. 
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The ability of adequate fire suppression forces to signifi­
cantly influence the outcome of a structure fire is undeniable 
and predictable. Data generated by NFPA and used by the 
committee in developing this standard provide empirical data 
that rapid and aggressive interior attack can substantially re­
duce the human and property losses associated with structure 
fires {see TableA.5.2.2.2.l(a) and TableA.5.2.2.2.1(b)]. 

The NFPA Fire Analysis and Research Division provided 
the data in Table A.5.2.2 .2.1 (b) as an update of Table 
A.5.2.2.2.1 (a). 

Table A..5.2.2.2.1 (a) Fire Extension in Residential Structures, 
1994-1998 

Rate per 1000 Fires 

Civilian Civilian Average Dollar 
Extension Deaths Injuries Loss per Fire 

Confined to room 2.32 35.19 $3,185 
of origin 

Beyond the room 19.68 96.86 $22,720 
but confined to 
floor of origin 

Beyond floor of 26.54 63.48 $31,912 
origin 

Note: Residential structures include dwellings, duplexes, manufac­
tured homes (also called mobile homes), apartments, row houses, 
townhouses, hotels and motels, dormitories, and barracks. 
Source: NFPAAnnual Fire Experience Survey and National Fire Inci­
dent Reporting System (NFIRS). 

A..5.2.2.2.3 The assignment of specific response districts to 
command officers should be based on the number of compa­
nies, workload, and response distances. Department adminis­
trative procedures should indicate clearly the jurisdiction of 
command officers. 

A.5.2.2.2.5 For further information on staff aides, see 3.3.48 
and A.3.3.48. 

A.5.2.4.1.1 The hazards presented by this scenario are not 
unusual, as all communities respond to fire incidents in this 
type of structure on a regular basis. 

A.5.2.4.2.1 The open-air strip shopping center represents 
more than 67 percent of types of shopping centers, as de­
scribed by the International Council of Shopping Centers 
(ICSC). The ICSC describes these centers as "usually config­
ured in a straight line as a strip, or may be laid out in an Lor U 
shape, depending on the site and design. They consist of an 
attached row of stores or service outlets managed as a coher­
ent retail entity, with on-site parking usually located in front of 
the stores. Open canopies may connect the store fronts, but a 
strip center does not have enclosed walkways linking the 
stores. The open air strip shopping center may contain be­
tween five and 40 stores of varying occupancy types and haz­
ards with three or more being larger, anchor stores such as a 
discount store, supermarket, drug, or large specialty discount 
store." 

A.5.2.4.4 See "Report on High-Rise Fireground Field Experi­
ments," NIST, April 2013, for more information. 

A..5.2.4.5.1 Other occupancies and structures in the commu­
nity that present greater hazards should be addressed by addi-

!lJ 2016 Edition 

Table A..5.2.2.2.1(b) Fire Extension Home Structure Fires, 
2006-2010 Rate per 1000 Fires 

Rate per 1000 Fires 

Civilian Civilian Average Dollar 
Flame Spread Deaths Injuries Loss per Fire 

Confined fires or 0.000 10.29 $212 
contained fire 
identified by 
incident type* 

Confined fire or 0.65 13.53 $1,565 
flame damage 
confined 
toobject of 
origin 

Confined to room 1.91 25.32 $2,993 
of origin, 
including 
confined fires 
and fires 
confined to 
object 

Beyond the room 22.73 64.13 $7,445 
but confined to 
floor of origin 

Beyond floor of 24.63 60.41 $58,431 
origin 

* NFIRS 5.0 has six categories of confined structure fires: cooking fires 
confined to the cooking vessel, confined chimney or flue fires, confined 
incinerator fires, confined fuel burner or boiler fires or delayed ignitions, 
confined commercial compactor fires, and trash or rubbish fires in a 
structure with no flame damage to the structure or its contents. 
Note: Homes include one- and two-family homes (including manufac­
tured housing) and apartments or other multifamily housing. These 
statistics are national estimates based on fires reported to U.S. munici­
pal fire departments and so exclude fires reported only to federal or 
state agencies. National estimates are projections. Casualty and loss 
projections can be heavily influenced by the inclusion or exclusion of 
one unusually serious fire. Property damage has not been ac:ljusted for 
inflation. 
Source: NFPAAnnual Fire Experience Survey and National Fire Inci­
dent Reporting System (NFIRS). 

tiona! fire fighter functions and additional responding per­
sonnel on the initial full alarm assignment. The NFPA Fire 
Protection Handbook categorizes occupancies in three broad 
groups: 

(1) High-hazard occupancies: schools, hospitals, nursing 
homes, explosives plants, refineries, high•rise buildings, and 
other high life hazard or large fire potential occupancies 

(2) Medium-hazard occupancies: apartments, offices, mer-
cantile, and industrial occupancies not normally requir­
ing extensive rescue or fire-fighting forces 

(3) Low-hazard occupancies: one-, two- or three-family dwell­
ings and scattered small businesses and industrial occu­
pancies. The NFPA 1710 benchmark occupancy fits into 
this low-hazard category. 

In determining the initial responding force to these occu­
pancies, AHJs must consider the additional potential of fire 
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spread, types of combustibles, increased life hazard, and vari­
ous tasks that must be accomplished to achieve their mission. 

A.5.2.4.5.2 Once units arrive, or a determination is made that 
other resources are required, additional alarms should be 
called for and dispatched. Departments should have predeter­
mined procedures for additional alarms. Many departments 
send the same number and type of units on the second alarm 
as on the first alarm. Incident commanders can always request 
unique resources when required. Many departments will only 
be able to handle additional alarms through automatic or mu­
tual aid agreements that have been previously established. 

A.5.3 An EMS system is defined as a comprehensive, coordi­
nated arrangement of resources and functions that are orga­
nized to respond in a timely, staged manner to medical emer­
gencies, regardless of their cause. The term system can be 
applied locally or at the state, provincial, or national level. The 
fundamental functions of an EMS system are the following: 

(1) System organization and management 
(2) Medical direction 
(3) Human resources and training 
( 4) Communications 
(5) Emergency response 
(6) Transportation 
(7) Care facilities 
(8) Quality assurance 
(9) Public information and education 

(10) Disaster medical services 
( 11) Research 
(12) Special populations 

A.5.3.2 The following four functions do not necessarily exist 
as separate elements in a particular system: 

(1) The first responding unit can be an advanced life support 
(ALS) ambulance that can provide ALS treatment and 
ambulance transportation. 

(2) The first responding unit can be a fire suppression unit 
that can provide both initial and advanced-level medical 
care. 

(3) ALS can be provided by the ambulance or by an addi­
tional fire suppression unit or a unit that is dedicated to 
ALS response only. 

( 4) The system might not have ALS treatment capability -
only a fire apparatus with fire fighters trained as first re­
sponder AED can respond. 

A.5.5.6.2 The U.S. Air Force has defined the areas involved in 
the emergency within 75 ft (23 m) of the aircraft as immedi­
ately dangerous to life and health (IDLH). 

A.5.6 For additional information on marine fire fighting, see 
NFPA1405. 

A.5.6.5.1 For additional information on marine rescue and 
fire-fighting vessels, see NFPA 1925. 

A.5.7.6.1.2 A system developed by Chief Paul Gleason of the 
United States Forest Service addresses specific mandatory fire 
orders in a system termed LCES, which stands for lookout(s), 
communication(s), escape route(s) ,'and safety zone(s). These 
four items are to be implemented as an integrated system by a 
single resource unit, a strike team, or a full assignment. The 
implementation of LCES is a minimum safety requirement 
prior to the initiation of any wildland fire-fighting operations. 

A.6.2 Emergency incidents can involve operations that vary 
considerably in their complexity and scale. The control of 

these incidents depends on the planned, systematic imple­
mentation of an effective fireground organization to accom­
plish identified objectives. Every fire department, regardless 
of size, needs a proper system to regulate and direct emer­
gency forces and equipment at both routine and major inci­
dents. The incident management system forms the basic struc­
ture of operations, regardless of scale. An effective system is 
designed to manage incidents of different types, including 
structure fires, wildland fires, hazardous materials incidents, 
and medical and other emergencies. 

A.6.2.2 Unlike fire incidents where command is normally 
predicated by rank structure, EMS patient care is based on statu­
tory recognition of the member with the highest level of medical 
certification. The recommendation is that departments adopt 
protocols that define the degree of both member and nonmem­
ber involvement in direct patient care based on local standards, 
medical control, and statutory requirements. 

A.6.5 For additional information, see NFPA 1620. 

Annex B Community-Wide Risk Management Model 

This annex is not a part of the requirements of this NFPA document 
but is included for information purposes only. 

B.1 This model is an example of how a community-wide risk 
management plan can be used to protect both citizens and prop­
erty. While NFPA 1710 is scoped to focus strictly on deployment, 
staffing, and service levels, it is one component of a total commu­
nity fire protection planning process. An AHJ can determine 
other components that could reduce the risks of fire and adopt 
stronger building and fire prevention codes, enforce those more 
vigorously, and enhance public life safety education compo­
nents. This model is included for that purpose. Figure B.1 illus­
trates a fire department process map. 

NFPA 1730, Chapter 5 establishes a process to identify and 
analyze community risks to assist in the development and 
implementation of a community risk reduction (CRR) plan. 
Detailed guidance on conducting a CRR plan is provided in 
Annex B of NFPA 1730. 

For other documents on community risk assessment and 
community risk reduction, see: Fire Service Deplt:!yment: Assessing 
Community Vulnerability, Urban Fire Forum; ISO Fire Suppression 
Rating Schedule, CPSE Standard of Cover, IFE V2020 CRR 2009 
Project Report, IFE V2020 CRR Symposium Report, and Washington 
Association of State Fire Marshals CRR Project Report. 

B.l.l This annex addresses the need for fire departments to 
develop an overall "defense-in-depth" strategy for the delivery 
of fire services. The development of such a strategy should 
include an assessment of the tools available to the fire service 
for accomplishing the goals of fire safety. 

B.1.2 Fire safety objectives can be defined as those ideas that 
a department aspires to deliver. For example, fire department 
objectives could include such statements as "Maintain injuries 
and life/property losses as low as reasonably achievable (com­
munity and department)." The accomplishment of this objec­
tive should not be left to fire-fighting operations alone. See 
Figure B.l.2 for fire safety concepts. 

B.1.3 Fire prevention is not simply preventing fire. It is the 
systematic application of codes, standard, engineering prin­
ciples, and an understanding of human behavior to achieve 
the objective of limiting the loss of life and property. 
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Fire Safety Objectives 
1. Protect personnel 3. Ensure community safety 
2. Protect property 4. Provide emergency response 

I t l t l 
Requirements Management Assessment 

• National fire codes • Strategic planning • Vendor relationship • Corrective action program 
• State fire codes • Policies and procedures • Fire response • Self-assessments 
• Local ordinance • Professional development • Quality assessment program • Performance indicators 
• Insurer requirements • Interfaces • Information technology • Internal/external audits 

• Organization structure • Benchmarking 

t 
Core Activities-Fire Risk Management 

I ~ \ 
Fire Prevention Education/Enforcement Fire Impact Management 

• Building design • Determine needs • Protect personnel 
• Building services • Conduct inspections • Protect structure 
• Occupancy • Provide education • Protect community 
• Fire/safety inspections • Take enforcement action 

F1GURE B. I Fire Department Process Map. 

l Fire Safety Objectives I 
I I 

Fire prevention I Manage fire 

I Building I Public education I Internal fires I I 
I I I I I 

Design II Building services Occupancy II 
General public I Protect 

II 
Protect 

II Bldg owners personnel structure 

I I I I 
Noncombustible 

Specification 
K-12 

construction Use matches Special population 
Fire protection and 

design Bldg occupants 
features maintenance Bldg managers 

I I 
I Fire safety I 

inspections 
I Fire safety I 

inspections 

F1GURE B.I.2 Fire Safety Concepts for Fire Department Operations. 

(1) Fire-safe design and construction 
(2) Suppression systems 
(3) Detection systems 
( 4) Occupant fire prevention practices 

I 
External fires 

I 
Protect 

structure 

B.1.3.1 As outlined in NFPA 1, fire prevention includes 
egress, construction design, building services, fire protection, 
and occupancy. All of these elements work together to provide 
the occupants and fire department personnel with a level of 
fire safety not otherwise available. (5) Fire department-conducted fire-safety inspections 

(6) Fire rescue response 

I 

I 

B.1.3.2 By ensuring that each of these elements is balanced, 
the fire department can maintain a reasonable level of risk for 
the community and the department. 

B.1.3.3 To provide risk management, the fire department 
must utilize all of the tools available. In order of preference, 
those tools are as follows: 

B.1.3.4 A structure designed and constructed to withstand 
the effects of fire is the most important asset in achieving fire 
risk management. A structure relying solely on fire rescue re­
sponse offers the greatest challenge to the occupants and fire 
department personnel. 

[i.] 
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B.l.4 Fire impact management is the ability to manage the 
impact of a fire on occupants and structures. The participa­
tion of the fire department in the design, construction, main­
tenance, and use of a structure provides defense-in-depth 
against fire losses. 

B.l.4.1 Structures that are designed with noncombustible 
construction, are protected with fire protection systems, and 
are routinely inspected to ensure appropriate occupant use 
are most likely to provide the lowest risk levels and therefore 
are the least difficult to manage. 

B.l.4.2 Fire-fighting operations on fully compliant structures 
for which the fire fighters know the occupancy conditions can 
be conducted with a plan that commits resources only as nec­
essary to accomplish the pre-established goals. 

B.l.4.3 Pre-established goals for each structure define the 
commitment of resources in order to limit risk to occupants, 
the structure, and fire department personnel. 

Annex C Informational References 

C.l Referenced Publications. The documents or portions 
thereof listed in this annex are referenced within the informa­
tional sections of this standard and are not part of the require­
ments of this document unless also listed in Chapter 2 for 
other reasons. 

C.l.l NFPA Publications. National Fire Protection Associa­
tion, 1 Batterymarch Park, Quincy, MA02169-747L 

NFPA 1, Fire Code, 2015 edition. 
NFPA 1221, Standard for the Installation, Maintenance, and Use 

of Emergency SmJices Communications Systems, 2016 edition. 
NFPA 1250, Recommended Practice in Fire and Emergency SmJice 

Organization Risk Management, 2015 edition. 
NFPA 1405, Guide for Land-Based Fire Departments That k 

spond to Marine Vessel Fires, 2016 edition. 
NFPA 1620, Standard for Pre-Incident Planning, 2015 edition. 
NFPA 1730, Standard on Organization and Deployment of Fire 

Prevention Inspection and Code Enforcement, Plan Review, Investiga­
tion, and Public Education Operations, 2016 edition. 

NFPA 1925, Standard on Marine Fire-Fighting Yl?ssels, 2013 
edition. 

Fire Protection Handbook, 20th edition, 2008. 
"Reduced Staffing: At What Cost?" Fire SmJice Today, Sep­

tember 1981. 

C.l.2 Other Publications. 

C.l.2.1 AMA Publications. American Medical Association, 
515 North State Street, Chicago, IL 60610. 

"Guidelines 2000 for Cardiopulmonary Resuscitation and 
Emergency Cardiac Care." 1992.Joumal oftheAmericanMedical 
Association, 268(16) (October 28). 

C.l.2.2 FEMAPublications. Federal Emergency Management 
Agency, 500 C Street, S.W., Washington, DC 20472. 

"Fire Risk Analysis: A Systems Approach," NFA-SM-FRAS, 
National Emergency Training Center, National Fire Academy, 
July 20, 1984. 

C.l.2.3 NIST Publications. National Institute of Standards 
and Technology, 100 Bureau Drive, Bldg. 820, Rm. 164, Gaith­
ersburg, MD 20899. 

"Hazard I Fire Hazard Assessment Method," U.S. Depart­
ment of Commerce, June 1991. 

"Report on High-Rise Fireground Field Experiments," 
April2013. 

C.1.2.4 U.S. Government Publications. U.S. Government 
Publishing Office, Washington, DC 20402. 

Title 42, U.S. Code, Chapter 116, Emergency Planning and 
Community Right-to-Know Act, 1986. 

C.l.2.5 Other Publications. "Basic Trauma Life Support for 
Paramedics and Other Providers," American College ofEmer­
gency Physicians, John Campbell (ed), 1997. 

Shaping the Future of Fire Ground Staffing and Delivery Systems 
within a Comprehensive Fire Safety Effectiveness Mode4 Office of the 
Ontario Fire Marshal, 1993. 

"Pre-Hospital Trauma Life Support," American College of 
Surgeons, Paturaas, Wertz and McSwain (eds), 1999. 

"Pediatric Advanced Life Support," American Heart Asso­
ciation, Besson (ed), 1997. 

"Fire Department Evaluation System (FIREDAP)," Phoe­
nix, AZ Fire Department, December 1991. 

"Emergency Care and Transportation of the Sick and In­
jured," American Association of Orthopedic Surgeons, 
Browner (ed), 1999. 

C.2 Informational References. The following documents or 
portions thereof are listed here as informational resources 
only. They are not a part of the requirements of this docu­
ment. 

C.2.1 CPSE Publications. Center for Public Safety Excellence, 
4501 Singer Court, Suite 180, Chantilly, VA 20151. 

Fire and Emergency SmJice Self Assessment Manuals, National 
Fire Service Accreditation Program. 8th edition, Commission 
on Fire Accreditation International, 2009. 

Commission on Fire Accreditation International Standard 
of Cover, 5th edition, 2008. 

C.2.2 Government Accounting Standards Board. Government 
Accounting Standards Board, 401 Merritt 7, P.O. Box 5116, 
Norwalk, CT 06856-5116. 

C.2.3 IAFC/IAFF Publications. International Association of 
Fire Chiefs/International Association of Fire Fighters. Inter­
national Association of Fire Chiefs, 4025 Fair Ridge Drive, 
Suite 300, Fairfax, VA 22033-2868. International Association of 
Fire Fighters, 1750 New York Avenue, NW, Washington, DC 
20006. 

"NFPA 1710 Implementation Guide," August 2002. 

C.2.4 IAFF Publications. International Association of Fire 
Fighters, 1750 NewYorkAvenue, NW, Washington, DC 20006. 

Department of Research and Labor Issues, "Effectiveness of Fire­
Based EMS," 1995. 

Department of Research and Labor Issues, "Safe Fire Fighting 
Staffing," 1993. 

Department of Emergency Medical SmJices, "Emergency Medi­
cal Services Performance Objectives," 2002. 

C.2.5 IFSTA/ FPP Publications. IFSTA/FPP, 930 N. Willis, 
Stillwater, OK 74078. 

"Systems Approach to Managing Fire and Life Safety Ser­
vices," Dennis Compton. 

C.2.6 Insurance Services Office Publications. ISO Customer 
Service Division, 545 Washington Blvd., Jersey City, NJ 07310-
1686. 

"Public Protection Classification Service"; Fire Suppression 
Rating Schedule. 
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C.2.7 International City/ County Management Association 
Publications. 777 N. Capitol Street, Wash ington, DC 20022. 

"Managing Fire and Rescue Services," Ju ne 2002. 
"Interim Report of the Tricorn Consortium." 

C.2.8 U .S. Government Publications. U.S. Government Pub­
lishing Office, Washington, DC 20402. 

Title 29, Code ofFederal Regulations, Part 1910.120, "Haz­
ardous Waste Operations and Emergency Response," 1986. 

Title 29, Code of Federal Regulations, Part 1910.156, "Fire 
Brigades," 1998 . 
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C.2.9 Other Publications. "Guidelines 2000 for Cardiopulmo­
nary Resuscitation and Emergency Cardiac Care," JAMA, Au­
gust 2000. 

"Performance Measurement and Benchmarking Project," 
Office of the Ontario Fire Marshal, 2003. 

C.3 References for Extracts in Informational Sections. 
NFPA 1500, Standard on Fire Department Occupational Safety and 
Health Program, 2013 edition. 
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Sequence of Events for the Standards 
Development Process 

As soon as the current edition is published, a Standard is open 
for Public Input 

Step 1: Input Stage 
• Input accepted from the public or other committees 

for consideration to develop the First Draft 
• Committee holds First Draft Meeting to revise Stan­

dard (23 weeks) 
Committee ( s) with Correlating Committee ( 1 0 weeks) 

• Committee ballots on First Draft (12 weeks) 
Committee(s) with Correlating Committee (11 weeks) 

• Correlating Committee First Draft Meeting (9 weeks) 
• Correlating Committee ballots on First Draft (5 weeks) 
• First Draft Report posted 

Step 2: Comment Stage 
• Public Comments accepted on First Draft (10 weeks) 
• If Standard does not receive Public Comments and the 

Committee does not wish to further revise the Stan­
dard, the Standard becomes a Consent Standard and 
is sent directly to the Standards Council for issuance 

• Committee holds Second Draft Meeting (21 weeks) 
Committee (s) with Correlating Committee (7 weeks) 

• Committee ballots on Second Draft (11 weeks) 
Committee(s) with Correlating Committee (10 weeks) 

• Correlating Committee First Draft Meeting (9 weeks) 
• Correlating Committee ballots on First Draft (8 weeks) 
• Second Draft Report posted 

Step 3: Association Technical Meeting 
• Notice of Intent to Make a Motion (NITMAM) ac­

cepted (5 weeks) 
• NITMAMs are reviewed and valid motions are certified 

for presentation at the Association Technical Meeting 
• Consent Standard bypasses Association Technical 

Meeting and proceeds directly to the Standards Coun­
cil for issuance 

• NFPA membership meets each june at the Association 
Technical Meeting and acts on Standards with "Certi­
fied Amending Motions" (certified NITMAMs) 

• Committee(s) and Panel(s) vote on any successful 
amendments to the Technical Committee Reports 
made by the NFPA member;ship at the Association 
Technical Meeting 

Step 4: Council Appeals and Issuance 
of Standard 
• Notification ofintent to file an appeal to the Standards 

Council on Association action must be filed within 20 
days of the Association Technical Meeting 

• Standards Council decides, based on all evidence, 
whether or not to issue the Standards or to take other 
action 

Committee Membership 
Classi.ficationS-·2•3•

4 

The following classifications apply to Committee mem­
bers and represent their principal interest in the activity 
of the Committee. 

l. M Manufacturer: A representative of a maker or 
marketer of a product, assembly, or system, or 
portion thereof, that is affected by the standard. 

2. U User: A representative of an entity that is subject 
to the provisions of the standard or that volun­
tarily uses the standard. 

3. IM Installer/Maintainer: A representative of an en­
tity that is in the business of installing or main­
taining a product, assembly, or system affected 
by the standard. 

4. L Labor: A labor representative or employee con­
cerned with safety in the workplace. 

5. RT Applied Research/Testing Laboratory: A represen ta­
tive of an independent testing laboratory or in­
dependent applied research organization that 
promulgates and/ or enforces standards. 

6. E Enforcing Authority: A representative of an agen­
cy or an organization that promulgates and/ or 
enforces standards. 

7. I Insurance: A representative of an insurance 
company, broker, agent, bureau, or inspection 
agency. 

8. C Consumer: A person who is or represents the ul­
timate purchaser of a product, system, or ser­
vice affected by the standard, but who is not 
included in (2). 

9. SE Special Expert: A person not representing (1) 
through (8) and who has special expertise in 
the scope of the standard or portion thereof. 

NOTE 1: "Standard" connotes code, standard, recom­
mended practice, or guide. 

NOTE 2: A representative includes an employee. 

NOTE 3: While these classifications will be used by the 
Standards Council to achieve a balance for Technical 
Committees, the Standards Council may determine that 
new classifications of member or unique interests need 
representation in order to foster the best possible Com­
mittee deliberations on any project. In this connection, 
the Standards Council may make such appointments 
as it deems appropriate in the public interest, such as 
the classification of "Utilities" in the National Electrical 
Code Committee. 

NOTE 4: Representatives of subsidiaries of any group 
are generally considered to have the same classification 
as the parent organization. 
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Submitting Public Input I Public Comment through the Electronic Submission System (e-Submission): 

As soon as the cwTent edition is published, a Standard is open for Public Input. 

Before accessing thee-Submission System, you must first sign-in at www.NFPA.org. Note: You will be asked to sign-in or 
create a free online account with NFPA before using this system: 

a. Click in the gray Sign In box on the upper left side of the page. Once signed-in, you will see a red "Welcome" 
message in the top right comer. 

b. Under the Codes and Standards heading, Click on the Document Information pages (List of Codes & Standards), 

and then select your document from the list or use one of the search features in the upper right gray box. 

OR 

a. Go directly to your specific document page by typing the convenient short link ofwww.nfpa.org/documen1#, 

(Example: NFPA 921 would be www.nfpa.org/921) Click in the gray Sign In box on the upper left side of the page. 
Once signed in, you will see a red "Welcome" message in the top right comer. 

To begin yow· Public Input, select the link The next edition of this standard is now open for Public Input (f01mally 

"proposals") located on the Document Information tab, the Next Edition tab, or the right-hand Navigation bar. Alternatively, 
the Next Edition tab includes a link to Submit Public Input online 

At this point, the NFPA Standards Deve.lopment Site will open showing details for the document you have selected. This 

"Document Home" page site includes an explanatory introduction, information on the current document phase and closing 

date, a left-hand navigation panel that includes useful links, a document Table of Contents, and icons at the top you can click 

for Help when using the site. The Help icons and navigation panel will be visible except when you are actually in the process 

of creating a Public Input. 

Once the First Draft Report becomes available there is a Public comment period during which anyone may submit a Public 
Comment on the First Draft. Any objections or further related changes to the content of the First Draft must be submitted at 

the Comment stage. 

To submit a Public Comment you may access the e-Submission System utilizing the same steps as previous explained for the 

submission ofPublic Input. 

For further information on submitting public input and public comments, go to: http://www.nfpa.org/publicinput 

Other Resources available on the Doc Info Pages 

Document information tab: Research current and previous edition information on a Standard 

Next edition tab: Follow the committee ' s progress in the processing of a Standard in its next revision cycle. 

Technical committee tab: View current committee member rosters or apply to a committee 

Technical questions tab: For members and Public Sector Officials/AHJs to submit questions about codes and standards to 

NFPA staff. Our Technical Questions Service provides a convenient way to receive timely and consistent technical assistance 

when you need to know more about NFPA codes and standards relevant to your work. Responses are provided by NFP A staff 

on an informal basis. 

Products/training tab: List ofNFPA's publications and training available for purchase. 

Community tab: Information and discussions about a Standard 
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Information on the NFPA Standards Development Process 

I. Applicable Regulations. The primary rules governing the processing ofNFPA standards (codes, standards, reco=ended practices, and 
guides) are the NFPA Regulations Governing the Development of NFPA Standards (Regs). Other applicable rules include NFPA Bylaws, 
NFP A Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in the NFP A Standards Development Process, 
and the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council. Most of these rules and 
regulations are contained in the NFP A Standards Directory. For copies of the Directory, contact Codes and Standards Administration at 
NFPA Headquarters; all these documents are also available on the NFPA website at "www.nfpa.org." 

The following is general information on the NFP A process. All participants, however, should refer to the actual rules and regulations for a 
full understanding of this process and for the criteria that govern participation. 

II. Technical Committee Report. The Technical Co=ittee Report is defined as "the Report of the responsible Co=ittee(s), in 
accordance with the Regulations, in preparation of a new or revised NFPA Standard." The Technical Committee Report is in two parts and 
consists of the First Draft Report and the Second Draft Report. (See Regs at 1.4) 

m. Step 1: First Draft Report. The First Draft Report is defined as "Part one of the Technical Co=ittee Report, which documents the 
Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee and Correlating Committee 
Statements, Correlating Input, Correlating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3) Any objection to an action 
in the First Draft Report must be raised through the filing of an appropriate Co=ent for consideration in the Second Draft Report or the 
objection will be considered resolved. [See Regs at 4.3.1(b)] 

IV. Step 2: Second Draft Report. The Second Draft Report is defmed as "Part two of the Technical Co=ittee Report, which documents 
the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with corresponding Committee Actions 
and Committee Statements, Correlating Notes and their respective Co=ittee Statements, Co=ittee Co=ents, Correlating Revisions, 
and Ballot Statements. (See Regs at Section 4.2.5.2 and 4.4) The First Draft Report and the Second Draft Report together constitute the 
Technical Committee Report. Any outstanding objection following the Second Draft Report must be raised through an appropriate 
Amending Motion at the Association Technical Meeting or the objection will be considered resolved. [See Regs at 4.4.1 (b)] 

V. Step 3a: Action at Association Technical Meeting. Following the publication of the Second Draft Report, there is a period during 
which those wishing to make proper Amending Motions on the Technical Co=ittee Reports must signal their intention by submitting a 
Notice of Intent to Make a Motion. (See Regs at 4.5.2) Standards that receive notice of proper Amending Motions (Certified Amending 
Motions) will be presented for action at the annual June Association Technical Meeting. At the meeting, the NFPA membership can 
consider and act on these Certified Amending Motions as well as Follow-up Amending Motions, that is, motions that become necessary as 
a result of a previous successful Amending Motion. (See 4.5.3.2 through 4.5.3.6 and Tablel, Columns 1-3 of Regs for a su=ary ofthe 
available Amending Motions and who may make them.) Any outstanding objection following action at an Association Technical Meeting 
(and any further Technical Co=ittee consideration following successful Amending Motions, see Regs at 4.5.3 .7 through 4.6.5.3) must be 
raised through an appeal to the Standards Council or it will be considered to be resolved. 

VI. Step 3b: Documents Forwarded Directly to the Council. Where no Notice of Intent to Make a Motion (NITMAM) is received and 
certified in accordance with the Technical Meeting Convention Rules, the standard is forwarded directly to the Standards Council for action 
on issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5 .2.5) 

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters related to the 
development, content, or issuance of any document of the Association or on matters within the purview of the authority of the Council, as 
established by the Bylaws and as determined by the Board of Directors. Such appeals must be in written form and flied with the Secretary 
of the Standards Council (See Regs at 1.6). Time constraints for filing an appeal must be in accordance with 1.6.2 of the Regs. Objections 
are deemed to be resolved if not pursued at this level. 

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The Council acts on 
the issuance of a document presented for action at an Association Technical Meeting within 75 days from the date of the reco=endation 
from the Association Technical Meeting, unless this period is extended by the Council (See Regs at 4.7.2). For documents forwarded 
directly to the Standards Council, the Council acts on the issuance of the document at its next scheduled meeting, or at such other meeting 
as the Council may determine (See Regs at 4.5.2.5 and 4.7.4). 

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the administration of the codes 
and standards development process and the issuance of documents. However, where extraordinary circumstances requiring the intervention 
of the Board of Directors exist, the Board ofDirectors may take any action necessary to fulfill its obligations to preserve the integrity of the 
codes and standards development process and to protect the interests of the Association. The rules for petitioning the Board of Directors 
can be found in the Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council and in 1. 7 of the 
Regs. 

X. For More Information. The program for the Association Technical Meeting (as well as the NFPA website as information becomes 
available) should be consulted for the date on which each report scheduled for consideration at the meeting will be presented. For copies of 
the First Draft Report and Second Draft Report as well as more information on NFP A rules and for up-to-date information on schedules 
and deadlines for processing NFPA documents, check the NFPA website (www.nfpa.org/aboutthecodes) or contact NFPA Codes & 
Standards Administration at (617) 984-7246. 
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