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Preface

Since the second edition of this book, some things have not changed and others hav
The need for safety professionals to understand basic fundamentals imkessent
hazard recognition, evaluation, control measures, and the standardsr coms
pliance with current required re codes. The safety manager tedag fa moral and

legal responsibility to the community, worksite, and to the public. Bafahagers

need an understanding of the duties and responsibilities for which theycatméa

able. The primary purpose of thre Safety Management Handbasko integrate

a broad eld, including the National Fire Codes (NFPA), into a single mantiscrip
that deals with all aspects of the re sciences.

This text presents the key elements that comprise an effective re safety manage
ment program. It was written for re safety professionals, safety managenstists,
and college instructors as a useful reference in dealing with the varideinpsodf
ammable hazardous materials as well as managers who are accountable for re
safety as part of a comprehensive safety and/or a risk management program.

Safety programs are typically evaluated based upon the results they achieve f
their respective organizations. Tangible results of any safety pnogaa be dif cult
to measure. Over the years, the profession has evaluated safety progréive-effec
ness by measuring the failures produced, such as accident frequencyeaitgd sev
rates, or property loss rates. Measuring safety programs by their fafw@snter
productive. By the time any safety program produces the failures to meassire, it i
too late for managers to implement activities that could have prevented tioss fa
from occurring in the rst place.

While the safety profession has never proven that a direct correlatios exist
between various safety program activities and achieving favoradgeaon results,
safety managers strive to identify the possible relationships. &iateafety man
agers place an emphasis—such as their time and organizational resources—on
implementing proactive activities that impact the results of their safetyraams.
Safety program effectiveness should be measured by the quality, ridaitilép of
these activities, as well as their impact on the bottom line.

Having established that an effective safety program emmsagipactive activi
ties, this text places special attention on the re safety activities that b@vethe
most optimum results. Developing and implementing an effective etysafanage
ment program can:

¢ Reduce property loss insurance premiums.

« Demonstrate why certain practices are being used.

¢ Help minimize the nancial impact of business interruptions.

e Boost customer service and public images.

e [Foster an ef cient work environment to help realize quality gains.
¢ Impact favorably on the pro tability of an organization.

e Evaluate building construction.

XVii



XViii Preface

Special attention has been given to re safety activities that achievesrdhese
activities are explained in each chapter.

OBJECTIVES OF THE TEXT

Individuals who utilize this text should be able to:

[

. Identify agency resources for re service operations and aid ssuaiht
information based on tHére Protection Handboak

2. Determine organizational patterns for re service operations.

3. Summarize quali cations expected of personnel attached to organgat
providing re services.

. Describe the uses and operations of various types of re controheejutip

. Determine and identify materials considered hazardous.

. Recognize the training and educational experiences needed for-re ser
vice personnel.

. Ascertain the components of re service communications and dispgtchi
8. Demonstrate accepted management practices needed to estdbitighrave

re service operation.

9. Understand the human response by rede ning readiness.

10. Recognize the impact that Homeland Security hason re safety management.

(o2 1N ¢2 N

~

The purpose of this book is to present, in an organized and sequential way, how to
develop an effective re safety management program. Numerous books alesartic
have been published on re science. However, the majority thusafer heen con
cerned with the scienti c aspects of re safety as opposed to actual progeaagm
ment. This publication attempts to Il that gap by providing an analysis of how to
manage a re safety program, which is usually part of an overall loss contgoipro

The success of any organization depends on the soundness of its management
system; this is no less true in the management of re safety. Those same techniques
that have been the hallmark of ef ciency and pro tability in the operation of any
organization must be utilized in the successful management of re safety.

A basic knowledge of the available resources and re safety organizasions i
essential. This is described in Chapter 1. Knowing where to go, who to ¢ontact
what facilities and equipment they possess, and their ability to resptrukvaf
great assistance in organizing a plan of action. In addition, it will assisigement
in avoiding costly duplication of equipment. Knowledge of re ghting resmes
at one’s command is one of the keys in determining whether a receftain
magnitude can be controlled with a minimum amount of damage, or whether it can
accelerate into a major catastrophe.

The chemistry of re is reviewed in Chapter 2. Some personnel who are involved
in re safety from the scienti c aspects are not interested in the managemecitsaspe
However, for those personnel who aspire to manage re safety applicati®s, th
chapter will provide the necessary understanding of re chemistryt@gdsen

To reduce the effects and losses due to re, Chapter 3 dessobee efforts that
can be used to develop an effective re safety management program in an organized
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fashion. There are ve areas in sequence, starting with assessing theoneals t
ate the effectiveness throughout the organization.

Chapter 4 explains the precautions and procedures that should be umdertake
identify and control hazardous materials. One of the hazards in the workplast is d
and there have to be controls on dust hazards. CHEMTREC in relationship to the
Chemical Manufacturers Association is detailed and how the chemahadtries
react during emergencies is explained.

Building construction is crucial for assuring life safety and colitigplelated re
risks. Building construction as related to re safety is described int€h&pThere
are nine classi cations of building construction, which are coveredtailde

Chapter 6 provides an overview of commonly installed re detectioresysst
Various occupancies require different types of detection systemsirarsbme
cases, more than one type of system will be satisfactory. These systemsidbedes
in suf cient detail to allow a safety manager to make sound decisions regardin
their application.

The types and functions of re control equipment are described in Chapter 7.
As with detection systems, speci ¢ conditions warrant certaingygequipment.

The chapter discusses advantages and disadvantages of the various re control
equipment. This will help a safety manager assess which equipment is the most
operationally cost-effective for a particular application.

Chapter 8 describes the practices that should be followed to care, mainthin, a
inspect re protection systems. Particular emphasis is placed on nmasaie
responsibility to support a preventive maintenance program.

Chapter 9 explores the different types of legislation andegrieent that exist on
the federal, state, and local levels, and how they are an integral part of a sliccessfu
re safety program.

With everyone now much more aware of the threats posed by acts of terrorism
as well as by natural disasters, Chapter 10 was added to this third edition in order
to provide the safety professional with an understanding of emergen@nsesp
planning. Also, a complete overview of the National Incident Management System
(NIMS) and the Incident Command System (ICS) is implemented in all states.

Chapter 11 delineates the mission of the United States Fire Administration
(USFA) and presents a brief history of the USFA and the National Fire Academy.

Chapter 12 carefully covers and assesses how Homeland Security depends on
the National Response Plan (NRP) for Prevention, Prepardness, and ReBp@nse
planning has been put in place to prevent terrorist attacks such as the Waded Tra
Center disaster of September 11, 2001. Knowledge of re ghting ressaime how
they respond to the mission of Homeland Security during disasters and ertfesrgen
in the communities are also included in the chapter.

CASE STUDY MODEL

Most chapters in the text contain examples of case studies, which illustaate ch
ter emphasis.

The following case study, Fire Incident Event, is a model that can encourage a
group discussion by expanding on the various levels of performance forfaheh o
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case studies. All case studies include a “Summary Description of the Evéritiean
“Post-Response Assessment.”

Case Study

Fire Incident Event

Date of Accident: August 31, 2010

Time of Accident: 08:00.

Location of Accident: Federal R&D Laboratory, Combustion Test Facility
Losses Incurred: Major property damage, one fatality, three emplogespdrted to
a local hospital

Summary Description of the Event

Maintenance personnel, working overhead of the combustion unit, whichetead b
shut down after testing, dropped a wrench that fell through the grating aradjeldm

a connection on the hydrogen feed system. This occurred at the close of thexghift, a
potential damage was not detected. Hydrogen had been leaking thubtlghaight.

The facility is located in the center of the site and is a two-story buildingstiiaed

for combustion research. There are two combustor cell areas, a fuel handlstgran
age area, a shop, control rooms, of ces, a conference room, and data acquisition a
support function areas. The building is occupied during business hours aychese
and support personnel.

The building is separated into two re areas. The roof is gravel and is a built-up
metal deck on a steel beam and column support. The exterior walls are hollow con
crete block with dryvit insulation on the outside. The second leveliexigalls are
metal panel on a steel frame support. Under high-pressure stress tho @wxths in
the combustion cell areas are designed to blow out before the pressstamtesiors
or windows. The interior walls of the combustion cell area are lled concreti.blo
The windows and doors between the control room and the combustion areas-are pres
sure resistant and acoustical (not re rated). There are severaprsteal doors and
the only windows are those in the exterior doors. Interiotswai the other areas are
gypsum board on metal stud and extend to just above the ceiling—which isiminer
tile on a suspended T-bar grid. The above-ceiling space is nhoncombustibleodrhe
is poured concrete on precast concrete slabs on masonry walls. Zrenime level
is open grid steel.

The combustible gas detectors (which were located at the mezzanine @or an
other locations in the facility) had not detected the hydrogen atmespgtepersonnel
began their daily work just before 8 , the hydrogen that had accumulated toward
the ceiling ignited when the high-intensity lights illuminating tlwork area were
turned on. The exterior walls in the mezzanine area were blown out. The sprinkl
system became inoperable due to the explosion; however, water was og$cadin
the cooling tower connection used to quench exhaust fumes from the combustor.
Fire was observed in various areas in the facility and was fed by naturabgagle
from lines damaged by the initial explosion. All power to the building was lost due
to the explosion.

Debris from the building fell outward and caused carbon monoxide and ammonia
gas to be released from a cylinder bank on the south side of the building. There wer
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additional hazardous materials inside the building and the integrityinfdontainers
was unknown.

One person walking near the area collapsed from carbon monoxide and ammonia
gas exposure. The local re department arrived at the scene about .8:1and a
recovery team was then sent in to retrieve the employee who had beendetpose
the carbon monoxide and ammonia. The site was secured by the re department at
approximately 9:15.. , and the entry team found three additional victims. Two were
alive but unconscious, and the medical team recovered the two unconsciouns faict
decontamination. Both were then transported via ambulance lactiehospital. The
third victim, found in the mezzanine, was pronounced dead on the scene.

Post-Response Assessment

The safety and health team, together with the local re marshal, assefoblthe
incident investigation, concluded that failure to follow procedure imried to a set
of conditions that resulted in loss of life and signi cant property damagey dater
mined that, while the structure design was compliant with building codéeetents
and performed according to expectations, established procedueeratédollowed.

Maintenance workers, working over the top of the combustion unit, neglected t
investigate thoroughly the potential damage to objects below thek avea. Since
it was an open grating on which they were working, adequate fall protection was
not utilized to minimize tools or objects from falling to the lower levédl$ien the
wrench fell to the lower levels, the workmen did not adequately investigatextent
of the damage or assess whether there was a problem that needed to be ilgmediate
addressed. Investigation of the centralized monitoring system forehendnere the
combustion unit was in operation did not indicate any buildup of gases. Thelcentra
ized monitoring system and the gas analyzers are equipped wittheek-and cali
bration, and continuous records indicated no malfunctions. A contribuingeco
the buildup of explosive gases in the mezzanine area was an inadequate, anchbe
inappropriate location, of detector heads.

Examination of the overhead high-intensity lamps indicated thatghts livere a
potential ignition source. While not conclusive, when the main overheguslavere
turned on, an arc could occur, causing the accumulated gas to explode.

A fatality resulted from the explosion. The individual who was killed waib e
ing equipment in a gas analysis room adjacent to the combustor, prior to thaf star
the work shift. The two injuries in the building resulted when therotivo workers
arrived to begin preparations for the day’s testing. Their rst action evaxtease the
overall illumination in the work area. When they turned on the lights, an aucredc
and the gas exploded. All external feeds, including electricity and gageth the
building, could be controlled exterior to the building. All utilities wehetsoff very
early in the incident and minimized any further property damage or persojunis.

Recommendations

Inadequate safety analysis was conducted for the use of cesagrgases. The build

ing is designed with explosion panels, the purpose of which is to relieveetbsup

in the event of a system failure on the combustion unit. While the use of these gases at
that location is within the requirements for the handling and storing &4 thaterials,
protection to the rack was inadequate. Had the safety factor designékipimtee

tion of the compressed gas rack been adequate, the potential for injtside ofithe
building would not have occurred.
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Major Organizations
In the Field of Fire Safety

L 0]
After completion of this chapter, the reader should be able to:

1. Explain the purpose of the National Fire Codes.

2. Describe the National Fire Protection Association’s consensudastin
development process.

3. List the directories that the Underwriters Laboratories phasis

4. Explain the key prerequisites that are evaluated by Industrialf&srers
for insurance purposes.

5. De ne the purpose of the National Fire Academy.

6. Explain the role of government agencies.

NATIONAL FIRE PROTECTION ASSOCIATION

For more than 85 years re prevention has been one of the most important activi
ties performed by re departments based on the fact that the majority of res are
caused by unsafe or careless acts, arson, failure of equipment, or acts of nature. Fi
prevention is made up of a number of activities that include enacting amdiegfo

re codes, presenting public re safety education programs, condugioperty
inspections, and investigating re causes. Most communities adoptrdocte a

full set of codes that includes many areas designed to establish healtheand saf
standards. Fire ghters must work to prevent res and their highest prisrito
educate the public relative to re risks and hazards to share the commotivelpéc
limiting loss of life, injuries, and property damage. This is where the Natidreal F
Protection Association (NFPA) combines a number of documents that aréedte

to address a wide spectrum of issues related to re and safety.

The NFPA is composed of over 73,000 members. It is the collective voice of a
wide range of re safety professionals. The NFPAs mission is to prevent lo$s of |
and protect property from re. It is headquartered in Quincy, Massa¢hu3éte
NFPA meets semiannually at its annual and fall meetings.

Organized in 1896 as an independent, nonpro t organization, the NFPA is the
oldest re safety association in the country. It maintains an open doambare
ship policy. Any organization or individual interested in its purposesisamne. Its
membership includes over 150 national and regional societies and apgiedyxim
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32,000 individuals, corporations, and organizations. Voting membegetcipate
in one of the following sections:

e Architects, Engineers, and Building Code Of cials Section
¢ Aviation Section

e Education Section

e Electrical Section

¢ Fire Marshals Section

¢ Fire Science and Technology Educators Section
e Fire Service Section

¢ Health Care Section

¢ Industrial Fire Protection Section

¢ Lodging Section

¢ Rail Transportation Systems Section

¢ Research Section

¢ Wildland Fire Management Section

The NFPA is a technical and educational organization. Its major technicalyactivi
is developing, publishing, and distributing consensus standasdsollection of
consensus standards is organized into volumes callddatti@nal Fire CodesThe
NFPAs collection of consensus standards includes widely used doasuehtas the
Life Safety Cde® (NFPA 10%), Fire Prevention CodéNFPA 1), National Electrical
Codeé® (NFPA 70, and theFlammable and Combustible Liquids Co@&PA 30.
The standards are written such that they can be adopted into laws and regulations or
incorporated by reference. Many federal, state, and local governmeetadapted
speci ¢ NFPA standards for enforcement. Examples include the Occup&iedy
and Health Administration and state and local re agencies. Other coSssias
dards have been developed for re protection systems; re gioteof industrial
operations, processes, and equipment; re department operatiah equipment;
and numerous other topics. Engineering support is available to the memidershi
consensus standard interpretations and related assistance.

The NFPAs standards are developed through a committee consensus format.
Each committee is composed of individuals who represent a balancedentiss s
of interests and opinions from various groups within the re safety contynuni
Standards are developed in an organized manner. First, the NFPA publisHes a cal
for proposals. Any individual, group of individuals with a common interes
organization can identify the need for a new standard or amendment to an existing
standard during this proposal phase. The proposed standard or amendmient is pu
lished in the NFPAs Technical Committee Reports on Proposals for publkswrevi
and comment. Any individual or organization can send the NFPA comments about
the proposed standard or amendment. Each comment is in turn published in the
Technical Committee Reports on Comments, which gives the membership an oppor
tunity to study and validate the comments. The committee prepares a nal report
for the membership. At this point, the new standard or amendmentbaopenly
reviewed by the public. The proposed standard or amendment is thdrondy the
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membership at the annual or fall meeting. If the proposed standard or amendment
is favored by the membership, then the NFPA Standard Council of cially issues the
new standard or amended existing standard.

The educational activities include seminars on consensus standards, a public
education program calleldearn Not to Burp publishing books such as tlére
Protection Handbookinvestigating and reporting on large loss of life and property
to provide lessons learned, maintaining a re experience database) artéasive
technical library. The NFPA provides a wide range of books, trainicgages,
educational materials, and visual aids. Members receive two publicatimnbtews
andFire Journal Members also receive a discount on publications, seminar rates,
and subscriptions to théational Fire Codes

UNDERWRITERS LABORATORIES, INC.

Underwriters Laboratories, Inc. (UL) was founded in 1894. It is chatt&sea not-
for-pro t, independent organization that provides testing servioeshe public.
This corporation maintains and operates laboratories for testingedesgigstems,
and materials. UL determines whether they meet safety standards affefeting li
and property.

UL also conducts organized Engineering Councils to assist in estaplishown
requirements. This assumes that its ndings are based on adequate eléezesyi
as well as laboratory tests and engineering decisions. These combiups ten
review reports on products prior to their release to the pathie.councils represent
a diversi ed membership of experts in speci c areas. The Fire Engine€angcils’
functioning in UL's major areas of interest are burglary protectionatgs building
construction, electrical, re protection, and maritime affairs.

Annual directories are published by UL and may be ordered by writing to the
address listed in Appendix C of this book. These directories include tbwifudt

e Automotive, Burglary Protection, and Mechanical Equipment

e Building Materials

¢ Roo0 ng Materials and Systems

e Fire Protection Equipment

* Fire Resistance

¢ Gas & Oil Equipment

e Classi ed Products

e Hazardous Location Equipment

» Electrical Appliance & Utilization Equipment

e Electrical Construction Materials

e General Information for Electrical Construction, Hazardous Locatiah, an
Heating and Air Conditioning Equipment

e Marine Products

« Directory of Appliances, Equipment, Construction Materials, and Goeis
Evaluated in Accordance with International Publications
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UL STANDARDS/AMERICAN NATIONAL
STANDARDS INSTITUTE (ANSI)

UL has a standards writing body that writes standards based on the expertise of
knowledgeable safety professionals who conduct the proper investigaind
research prior to a standard’s implementation. The knowledge baselai -

cation of the requirements is important in order to authorize the application of
UL marks on manufactured products. UL marks address the ability to modify
existing standards in the advancement of technology. The ANSI processesequi
that approvals shall be renewed every ve years, and UL Standards are tgnstan
reviewed, revised, and updated to the ANSI status. However, UL's goal is to obtai
ANSI approval for the standards it develops. UL is accredited by ANSI toeutiliz
different approaches to gain ANSI approval. Approximately 70% of UL's-Sta
dards are approved as American National Standards by the American National
Standards Institute.

INSURANCE COMPANIES

Insurance companies have a unique role in the re safety community. Typaal
business customer purchases an insurance policy for a stipulated oner@hop
time. During this period, an insurance company agrees to underwrite anizarga
tion's risks for a fee, often calledpiemium If an organization experiences a loss
such as a re, then the insurance company agrees to indemnify the organization for
its loss.

Insurance premiums charged by insurance companies ai Uyase the types
of risks encountered in an organization’s operations, asasein organization’s
rigor in managing its risks. Insurance companies can give credits to @tjamsz
with properly maintained re protection systems, written and releebesnergency
plans, practiced re prevention policies and precautions, and a ¢§eperanitment
to loss prevention.

Commercial insurers typically maintain loss prevention specabst staff.
These loss prevention specialists are trained in re protection esiige emer
gency planning, risk management, security, and business interrupgionirg.
Their services are usually included in the cost of the premiums. Traditionally
insurers conduct regular inspections of their clients’ properiensure that risk
management practices and procedures are being implemented. Todayrhoweve
insurers are taking on the role of consultants for their customers. No longer are
there days of tedious inspections that result in a punch list of recommendations
Good insurers have shifted their focus to creating partnerships with tiegitscl
that identify and implement risk management strategies to realize mutuas pro
for the insured and the insurer. Wise safety managers are taking advantage of their
insurers’ loss prevention staffs and resources. In addition to ¢ioigsinl technical
areas that a safety manager might be weak in, loss prevention staffs can hglp safet
managers measure the effectiveness of loss prevention activities in aptdtiem
favorably impact pro tability.
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FACTORY MUTUAL

Insurance companies such as the Factory Mutual System (FM) and Induistkial R
Insurers (IRI) are at the forefront of industrial re safety. They providers@ging
and inspection services, development of standards and re researchewvehopd
ment of their own standards.

Founded in 1835, the Factory Mutual System consists of four member companie
These include the Allendale Mutual Insurance Company, the ArkwrigtbBo
Insurance Company, the Protection Mutual Insurance Company, and the Phi
delphia Mutual Company. The Factory Mutual System stipulates good logslco
practices as a prerequisite when issuing insurance coverage to mamuoggaiants.

The Factory Mutual System conducts basic and applied research, destalep
dards, and issues approval on materials and re protection equipmenttiospe
and evaluations are conducted by the Division of Engineering. They anailstziegex
hazards, the protection systems, and management’s property conservétiotdsme

The Factory Mutual Loss Prevention Data Book Seryicevides information
on sprinkler systems, water supplies, extinguishers, industrialdgzanstruction,
heating systems, and many other subjects. The data book is very informative and
includes illustrations that are clear and concise.

The Factory Mutual System also offers the anAgbroval Guide This pub
lication lists protective equipment, building materials, safeguardsofobastion,
and many more items, which have been tested by the organization. This system is
considered the most signi cant in the advancement of re protection temwyol
Information is available by writing to the address listed in Appendix C.

INDUSTRIAL RISK INSURERS

In December 1975, the Factory Insurance Association and the Oil Insurance
Association combined to form Industrial Risk Insurers. Industrial Riskirers
requires all customers to meet the following conditions as a piisitedfar coverage:

¢ Industrial properties with hazards adequately protected by a spisg&tem.

* Willingness and determination by management to reduce the probability
of loss.

e Specialized underwriting, inspection, engineering, asslpprevention service.

¢ A premium, which substantially supports the costs of these services.

Industrial Risk Insurers operates a re safety laboratory in its home of cis. Th
is essentially for training its own engineers. Another program is spah$or its
policyholders and agents in the proper use of re protection devices.

NATIONAL FIRE ACADEMY

One of the central concerns addressed by the United States Fire Admimistratio
(USFA) was the development of a National Fire Academy (NFA). Until the NFA
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site was operational, an interim program of traveling minicourses wasatzath

the NFA's courses. During this time, a permanent site for the NFA waseskkct

the former St. Joseph College in Emmitsburg, Maryland. On da21a 1980, the

NFA formally opened its doors. The campus, located on 110 acres of wooded land,
has 38 fully equipped classrooms, two large auditoriums, and thre@aloem The

initial enrollment of 150 students a week has since increas&@lt students a week

for a total of 1200 student-weeks of training each year. The NFAs chargethade
National Fire Prevention and Control Act of 1974 is to:

1. Advance the professional development of re service personnel artteof ot
persons engaged in re prevention and control activities;

2. Encourage new programs and recommend strengthening of existing pro
grams of education and training at state and local levels and through private
institutions by providing assistance as prescribed by the Act; and

3. Perform other functions as prescribed by the Act or as the Administrator
shall assign.

The NFA has had a number of salutary effects upon the re service. For example,
the NFA helps re departments reduce injuries, deaths, and property losses.
Individual re departments have discovered superior techniquesofoing with
res, but their successes often have not been shared with other departments. The
NFA provides a medium for re ghters and re of cers from alteoss the country
to interact during classes and share their experiences. NFA coursesnracdm
strategy and tactics could be attuned to speci ¢ categories of risk, such astedng
cities, industrial complexes, and wildlands. Also, courses in sucls atdarson
investigation, code enforcement, and re safety education addregs ways of
reducing re losses.

Another benet of the NFA is that its training can prepare re of cershathe
technical expertise they need in today’s advanced society. Courses inemanag
techniques can help re of cers compete for budgetary dollars with othercipah
departments. Furthermore, such courses can also help them identify antigaated p
tices that should be abandoned, as well as help them to assebsttitages of new
management practices and equipment.

A third service NFA provides is helping re departments shift priorities tdwa
re prevention. NFA courses can acquaint re of cers not only with re pretien
practices that work, but also with sound record keeping methods that prove that
they work.

In successfully ful lling its mission the NFA has also increased the atteamss
of re service careers. The training opportunities offered have made thiepeam
the re services intellectually more stimulating. At the same time, of cetxatdd
by the NFA are sought far and wide. Volunteers also have bene ted from training at
the NFA. Often, training for volunteers at the community level is sdyioeglected.

The NFA can help supplement this training by making available course material an
demonstration projects, by accrediting programs, and by lendiegbpestructors
to these programs.
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Any person with substantial involvement in re prevention and contestue, or
emergency management activities is eligible to apply for NR#&ses. Applicants
must meet the speci c selection criteria outlined with each cowgseription in the
catalog. The selection of applicants is also based upon the impact the applicant will
have on the quality of re protection in the local community, the potentiatatitin
of the skills acquired, and an equitable and representative distribwraritie total
re service.

Each applicant must complete the standard General Admission Application For
which must be endorsed by the chief of cial of the organization the student-is rep
resenting, or by the State Training Director’s of ce, or by the State Fire Marsha
of ce. A supply of admission applications and course brochures is alaitgb
writing or calling the National Emergency Training Center (NETC) Admissions
Of ce and through the State Fire Training Directors, large metropolitea ae
chiefs, and the 10 Federal Emergency Management Agency (FEMA) regiona of ce
throughout the country. Completed applications should be sent to the Of ce of
Admissions and Registration, National Emergency Training Center5$682ton
Avenue, Emmitsburg, Maryland 21727.

No tuition is charged for institute courses, and all instructional nadgeaire
provided.

NATIONAL FIRE ACADEMY CURRICULUM

Management Science Curriculum
Fire Service Communication Organizational Theory in Practice
Interpersonal Dynamics in Fire Service Organizations

Hazardous Materials Curriculum
Hazardous Materials Operating Site Practices
Hazardous Materials Incident Management

Fire Prevention Curriculum

Management Curriculum
Code Management
Management of Fire Prevention Programs
Strategic Analysis of Community Risk Reduction

Technical Curriculum
Fire Inspection Principles
Principles of Fire Protection: Structures and Systems

Public Education Curriculum
Presenting Effective Public Education Programs
Developing Fire and Life Safety Strategies
Community Education Leadership
Community Education Leadership: Volunteer Incentive Program

* Courtesy of the United States Fire Administration—National Fire Aogd&999.
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GOVERNMENT AGENCIES

The Department of Agriculture is responsible for 186.5 million acres of nhf@na
est and grassland within the United States. This land is under the jurisdfatien o
U.S. Forest Service, which maintains its own division ofcoatrol and conducts re
research at nine experimental stations and a forest products lajpofdie Forest
Service's quarterly publicatiorfire Control Notes is available from the Super-
intendent of Documents, U.S. Government Printing Of ce, Washingt@n2@402.

The Department of Commerce has jurisdiction over the Fire Research and Safety
Act through a division of the National Bureau of Standards (NBS), and has long
concerned itself with re protection engineering in the establishmiestamdards
for structural building components. It is also concerned with the re cteniatics
of various materials and methods used in construction. The NBS also establishes
standards for interior furnishings and clothing for the protection ofithkicpagainst
re hazards in these areas.

The Federal Fire Council, organized in 1930 on an informal basis, has grown to
a full-time, of cially recognized agency charged with the responsgjbilf dissent
nating re safety knowledge to federal government agencies. The councilamas t
ferred to the National Bureau of Standards, which administers the Fire Reaspdrc
Safety Act.

The Labor Department is also directly concerned with occupational safety. Fir
prevention inspection and training has been part of its program on dafetyasls
under the Bureau of Labor Standards and the Of ce of Occupational Safetyn@/orki
with the Department of Labor are the Department of Transportation and the Interstate
Commerce Commission. The Department of Transportation esebliegulations
for the shipment of hazardous materials by truck, rail, water, air, or pipeline.

The appendices list additional information concerning each of the gives ase
well as a list of references concerning further information about re gioteand
a list of test methods for protective clothing.

Study Guide Questions

1. What organization publishes tNational Fire Code®

2. What is the National Fire Protection Association's consestandard devel
opment process?

3. What directories does Underwriters Laboratories publish?

4. What publications does Factory Mutual publish?

5. What are the prerequisites for coverage by the Industrial Risk Insurers?
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2 Fire Chemistry

L O
After completion of this chapter, the reader should be able to:

1. Explain the elements of the re triangle.
2. Know the three classes of fuels.
3. Know what the common heat sources are that can be found in an industrial re.
4. Indicate what a re consists of.
5. Describe what factors will affect a ammable liquid re.
6. Understand what the re tetrahedron is.
7. De ne ash point and understand its importance to ammable liquids.
8. Understand the methods of heat transfer.
9. Know the byproducts of a re that are hazardous to employees and resghter
10. Understand the four re extinguishing methods that aretosashtrol a re.
11. Know what the four classes of re are.
12. Understand the different stages of re.

INTRODUCTION

The safety manager should have a working knowledge of basic re science and
chemistry. A re, or combustion, is a chemical reaction. An understanding of the
chemical reaction is the basis for preventing res, as well as extinguishesgnce

they initiate. A working knowledge of basic re science and chemistry is &alken

for developing and implementing a successful re safety program.

DEFINITION OF FIRE

A re is a chemical reaction. There are many variables that can affect a re.
Effective re safety management programs control the variables that cain affe
re. Therefore, it is imperative to understand the variables.

A re is self-sustained oxidation of a fuel that emits heat and light (Factory
Mutual Engineering Corporation, 1967). A re requires thveeiables to initiate:
a fuel, oxygen, and heat.

FIRE TRIANGLE

The re triangle is a well-known representation of the three variables needeti-t

ate a re. In order to initiate a re, fuel, oxygen, and heat are required. These three
variables form the re triangle as shown in Figure 2.1 (Fire Service Brtend/est
Virginia University, 1980-1981).

11
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FIGURE 2.1 Fire triangle: Propane, carbon monoxide, hydrogen, acetylene, busanieg|
gas, and others.

To further understand the re triangle, it is necessary to analyze what iceuen
each side of the re triangle has in the combustion process. For the safety manager,
this analysis is the key for understanding the concept of re prevention. Ewerpr
tion attempts to prevent fuels, oxygen, and heat from combining to start a ee. Fir
prevention strategies include controlling fuels, controlling exygources, and con
trolling heat sources. A discussion of fuels, oxygen, and heat sources follows.

FuEL

A fuel is a combustible solid, liquid, or gas. Like in any chehmeaction, a source

of energy is needed to sustain the heat required. The most common solid fuels are
wood, paper, cloth, coal, and so forth. Flammable and combustibleslijnsidde
gasoline, fuel oil, paint, kerosene, and other similar materials. R¥ppaetylene,

and natural gas are some examples of gases that are ammable. Solid and liquid fuels
share a common characteristic; they must be converted into a gas in order tb suppo
combustion. Gaseous fuels can undergo direct oxidation because the molecules a
already in the gas state. Some liquid fuels can undergo direct oxidation because they
produce vapors at ambient temperatures and pressures. Other liquid fustdidn

fuels, however, undergo sequential oxidation.
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This means that a fuel must be heated rst to produce suf cient concentrations of
gas to support combustion. From a re safety standpoint, the safety manager sho
be aware of the different types of fuels located in the workplace.

The ease of ignition of a solid fuel is dependent on several factors. The most
important factor is the surface to mass ratio of the fuel. The surface to mass ratio
refers to how much of a fuel's surface area is exposed to the environment imrelatio
to its overall mass. The safety manager should be concerned with two thirrds rega
ing the surface to mass ratio of a fuel. First, the more surface area that is exposed
the easier it is for a re to initiate and the more rapidly it can burn. Second, the more
mass that a solid fuel has, the more dif cult it will be to initiate and sustain cembus
tion. Consider cotton as a fuel in a textile mill. Cotton dusts and lint wil basier
and faster than a tightly bound bale of cotton.

Liquid fuels are affected by several factors. The safety managed sie@tdmiliar
with the terms ash point, re point, boiling point, and speci c gravity. apker 4
explores these factors in detail. However, one of the most critical indichsoliguid’s
ammability should be mentioned— ash point. The ash point refers to the-tem
perature at which adequate vapors are produced to form an ignitable mixtirre in a
Therefore, a liquid heated to a temperature at or above its ash point will ignite in the
presence of an ignition source such as a spark, cigarette, hot surfacs @anog.

OXYGEN

The atmosphere contains approximately 21% oxygen by volume. During combus
tion, the oxygen necessary for oxidation is suf ciently pdex from the surround

ing air. When the oxygen content of the atmosphere falls below 15%, a free-burning
re will begin to smolder. When the oxygen content of the atmosphere falls below
8%, a smoldering re will stop burning (Bryan, 1982). Oxygen can also be gabvid

by other sources that release oxygen molecules during a chemical reaction. The
safety manager should be aware of these oxidizers in the workplasegmedate

them from any fuels.

HEeaT

The safety manager should be concerned with sources of heat commonly found in
the workplace. This is a concern because sources of heat provide the energy neces
sary to initiate combustion. By preventing heat sources from contactingtteblg

fuel-air mixtures, res can be effectively prevented from occurritogn& common
sources of heat for ignition in the workplace are:

¢ Open ames such as from cutting and welding torches

e Cigarettes

e Sparks such as from electrical equipment, brazing, or grinding

¢ Hot surfaces such as electrical motors, wires, and process pipes
¢ Radiated heat from boilers or portable heaters

e Lightning

e Static discharges such as during the transfer of ammable liquids
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e Arcing from wires and electrical equipment

e Compression such as hydraulic oil under pressure on a machine

¢ Exothermic chemical reactions

¢ Spontaneous ignition from slow oxidation or fermentation combined with
proper insulation of a fuel

Heat is transferred by three methods: conduction, convection, or oadiati
Conduction occurs when two bodies are touching one another and heat isrednsfer
from molecule to molecule. Convection is the transfer of heat through aatiingul
medium rather than by direct contact. The medium can be either a gas or a liquid.
Radiation is the transfer of electromagnetic waves through any medium. For the
safety manager, recognizing how heat can be transferred in the workplace is helpfu
for preventing res.

FIRE TETRAHEDRON

Fire prevention is the concept of preventing the variables ofr¢higiangle from
coming into contact with each other to initiate a re. Once a re begins, it regjuir
four variables to sustain the combustion reaction. The four variabl@saedo sus
tain a re are fuel, oxygen, heat, and chemical chain reactions. These foutesriab
represent the re tetrahedron. The re tetrahedron is represented in Figure 2.2

Chemical chain reactions are a product of the combustion process. The chemi
cal reactions ultimately produce combustion byproducts such as carborideon
carbon dioxide, carbon, and other molecules, depending on the specic fagel. It i
these byproducts of combustion found in the smoke that usually affect the sdfety an
health of occupants and re ghters.

Once a re begins and is self-sustaining, the goal is to control and extinguis
the re. Fire extinguishment is done by eliminating one of the variables of the re
tetrahedron. By removing the fuel, oxygen, or heat, or inhibiting the chemigal cha
reactions, a re can be extinguished. The concept of re protection assumes res
will occur, and focuses on controlling res by eliminating or otherwise odlitig
the variables of the re tetrahedron. The concept of re prevention differs from
re protection because re prevention attempts to control the variables ofrthe
trianglebeforea re occurs.

Oxidizing

Reaction

Reducing
Agent

FIGURE 2.2 Fire tetrahedron: Chemical chain reaction; reducing agent.
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As mentioned, four re extinguishing principles exist. They are hidiéd
below (Bryan, 1982).

1. Control the fuelControlling the fuel is accomplished by two methods.
First, the fuel can be physically removed or separated from the re. For
instance, a re involving stacks of wood pallets could be controlled by
removing any exposed stacks of pallets to a safe location. Another example
is closing a valve feeding a gas or ammable liquid re. Second, the fuel
can be chemically affected by diluting the fuel.

2. Control the oxygen-Controlling the oxygen requires that the oxygen be
inhibited, displaced, or the concentration of oxygen be reduced below 15%
by volume. Smoldering res should be diluted to an oxygen concentra
tion below 8% by volume. The oxygen supply to a re can be inhibited by
smothering the re. Smothering a re places a barrier between the ame
and the atmosphere. This can be accomplished with a blanket or apply
ing a layer of foam to form a vapor barrier. Displacing and reducing the
oxygen concentration involves applying an inert gas to the re, such as
carbon dioxide. The carbon dioxide displaces the oxygen thus lowering the
concentration to a level that cannot sustain the re. Applying an inert gas
to a re requires that the re be located in a con ned space. Personnel
must be aware that displacing the oxygen or diluting the oxygen concentra
tion affects their ability to breathe. Fire extinguishment using this method
requires that personnel be absent from the con ned area or protected by
self-contained breathing apparatus.

3. Control the heat-Controlling the heat requires that the heat be absorbed.
Combustion is an exothermic chemical reaction. If the heat emitted by the
reaction can be absorbed faster than the reaction can produce the heat, then
the reaction cannot be sustained. Water is the most common extinguishing
agent. Water is also the most ef cient extinguishing agent because it has the
capability to absorb immense amounts of heat.

4. Inhibit the chemical chain reactiorslnhibiting the chemical chain reac
tions requires that a chemical agent be introduced into the re. Certain
chemical agents can interfere with the sequence of reactions by -absorb
ing free radicals from one sequence that are needed to complete the next
sequence. Dry chemical extinguishing agents commonly used in portable
re extinguishers have this ability.

Chapter 7 describes these applications in more detail.

CLASSES OF FIRE

Fires are classi ed based upon the type of fuel that is consumed. Fires aredtlassi

into categories so personnel can quickly choose appropriate extimguesients

for the expected re and associated hazards. Fires are classi ed into veagene
classes. Each class is based on the type of fuel and the agents used in extinguishment
The ve classes of re are described next:
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Class A—Class A res involve ordinary combustibles such as wood, paper,
cloth, rubber, and some plastics. Water is usually the best extinguishing
agent because it can penetrate fuels and absorb heat. Dry chemicals used
to interrupt the chemical chain reactions are also effective on Class A res.
Class B—Class B res involve ammable and combustible liquids and
gases such as gasoline, alcohols, and propane. Extinguishing agents th
smother the re or reduce the oxygen concentration available to the burn
ing zone are most effective. Common extinguishing agents include foam,
carbon dioxide, and dry chemicals.

Class G—Class C res involve energized electrical equipment. Noacon
ductive extinguishing agents are necessary to extinguish Class C rses. D
chemicals and inert gases are the most effective agents. If it can be done
safely, personnel should isolate the power to electrical equipment before
attempting to extinguish a re. Once electrical equipment is de-eneigize

it is considered a Class A re.

Class D—Class D res involve combustible metals such as magnesium,
sodium, titanium, powdered aluminum, potassium, and zirconiuass@

res require special extinguishing agents that are usuallyywexd for the

speci ¢ metal.

Class k—Class K res most often occur where cooking media (fats, oils,
and greases) are used, and most of the time are found in commercial cook
ing operations. Class K re extinguishers are required in any location
that cooks oils, grease, or animal fat. Any location that fries must have a
Class K re extinguisher. Every commercial kitchen should have a Class K
extinguisher located in it to supplement the suppression system.

Fire extinguishers can represent an important aspect of any overall texpro
tion system. To be successful depends on meeting certainecritgied in the
following conditions.

The re extinguisher should:

L]

L]

L]

L]

Be properly located and in working order.

Be of the proper type for a re that can occur.

Be ready for use and small enough for the re extinguisher to be effective.
Be identi ed by an individual ready, willing, and able to use it at the time
the re is discovered.

THREE STAGES OF FIRE

Fires evolve through several stages as the fuel and oxygen available amaexns
Each stage has its own characteristics and hazards that should be uddaystoo
safety managers and re ghting personnel.

INCIPIENT STAGE

The incipient stage is the rst or beginning stage of a re. In this stage, cembus
tion has begun. This stage is identied by an ample supply of fuel and oxygen.
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The products of combustion that are released during this stagalhoinclude
water vapor, carbon dioxide, and carbon monoxide. Temperatures at the seat of the
re may have reached 1000°F, but room temperatures are still close to normal.

FREEBURNING STAGE

The free-burning stage follows the incipient stage. At this point, thesgHiaed
chemical reaction is intensifying. Greater amounts of heat are emitted anelthe fu
and oxygen supply is rapidly consumed. Room temperatures canoiss t800°F.

In an enclosed compartment, the free-burning stage can become dangeroug Becaus
of the heat intensity, the contents within a compartment are heated. At some point,
if the compartment is not well ventilated, compartment contents will résah t
ignition temperature. A ashover occurs when the contentsimnvithcompartment
simultaneously reach their ignition temperature and become involvedniesa

It is not uncommon for room temperatures to exceed 2000°F following avesho
Human survival, even for properly protected re ghters, is dif cuitnot impos

sible for a few seconds within a compartment following a ashover.

SVIOLDERING STAGE

The smoldering stage follows the free-burning stage. As a fra@dy re continues

to burn, the chemical reaction will eventually consume the available oxygfeim wi

the compartment and ultimately convert it into carbon monoxide and carbdsediox
This causes the oxygen concentration within the compartment to decrease. When
the oxygen concentration decreases to 15% by volume, the chemical reaction will
not have suf cient oxygen to support free-burning combustion. Vistbe ames
subsist and the fuel begins to glow. A smoldering re is identi ed by a suftcien
amount of fuels and lower oxygen concentrations. Smolderiesg; especially when
insulated within a compartment, can continue the combustion process far hour
Room temperatures can range from 1000-1500°F. The byproducts of combustio
also Il the compartment and human survival is impossible. During the sniadder
stage, an extreme hazard, called a backdraft, can develop. A backdraft oceurs whe
oxygen is introduced into a smoldering compartment re. The immediatahilail

ity of suf cient oxygen in the presence of suf cient fuel, heat, and chemicahchai
reactions causes aming combustion again. In some cases, the backdraft isrgo viole
that an explosion will occur. Human survival, even of properly proteatedjhters,

is usually not possible.

Study Guide Questions

. Identify Class A res and provide an example.

. What is the de nition of heat?

. What is the de nition of fuel?

. What are the four elements for ignition to occur?

. Identify Class B res and give an example.

. How much oxygen does a re need to start the ignition process?

OO, WNE
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How many classes of res are there? (List the types.)

Explain the chemical chain reaction and when the re occurs.

How can Class B res be prevented.

10. Identify Class D res and give an example.

11. Identify Class C res and give an example.

12. How can Class A res be prevented.

13. (True or False) Every re extinguisher displays a rating on the faceplate
showing the class of re that it is designed to extinguish.

14. (True or False) If you are trapped in a burning building, never use anrelevato

© ®~N

Case Studies

1. Locate journal articles for three res that occurred in the workplace. Anayze
each re and identify the following:

* The fuels involved

» The ignition source

» Methods of heat transfer

* Methods of re extinguishment

* What re prevention strategies were employed that failed or were not
employed at all

2. Locate and list the various types of fuels, oxidizers, and heat sougs in your
workplace. Identify the re prevention strategies that could be implementel
to reduce the likelihood of a re occurring. Also, identify the re protection
strategies that could be implemented once a re does occur.
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L O
After completion of this chapter, the reader should be able to:

1. Understand the steps that should be taken to develop a re safety program
2. List the eight core elements of a re safety management program.
3. Explain the importance of a facility evaluation for potential re sear
4. Understand how to prioritize re prevention efforts and steps thatea
implemented.
. Explain the role and importance of a re brigade~PA 1081
. List the different types of re brigades and the Occupational, Safety, a
Health Administration (OSHA) requirements.
7. Explain the various responsibilities of a re brigade.
8. Explain the importance of emergency planning and what factors should
be considered.
9. Understand the importance of an industrial program.
10. De ne the hazards of cutting and welding to include the importance of a hot
work permit program.

[e2Ne)]

FIRE SAFETY CONCEPTS

A re safety management program should be based on sound re safety concepts.
Applying re safety concepts in alogical fashion is the best method for achiewief -
cient and cost-effective re safety management program. The NaEkoedProtection
Association (NFPA) developaddFPA 550: Fire Safety Concepts Treehich can be
applied to developing a re safety system for all structures. Safety margmeild use
the Fire Safety Concepts Tree for developing and implementing a re safetgenana
ment program. Figure 3.1 illustrates an overview of NFPAS Fire Safetye@tacree.

This text was written with the Fire Safety Concepts Tree in mind. Individual
chapters provide speci ¢ information for developing a re safety managepre-
gram utilizing the Fire Safety Concepts Tree.

ACTION PLAN FOR DEVELOPING A PROGRAM

A re safety management program should be developed in an organized fasiwon. T
often, managers develop programs haphazardly only to wonder why theimpsogr
achieve unfavorable results or make little or no impact on an organiz8tadety
managers should follow good risk management principles when developingany ty
of program, especially a re safety management program.

19
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Fire Safety Objectives

« Life Safety

* Property Consevation
* Business Continuity

Prevent Fire Ignition Manage Fire Impact
 Control Ignition Sources « Control Fuel (properties, quantity,
» Control Heat Transfer distribution)
 Control Fuels » Control Ernvironment

« Automatically or Manually SuppresEire
¢ Control Fire with Construction

FIGURE 3.1 An overview of the Fire Safety Concepts Tree.

The following sequence should be incorporated into an action plan foopiexgl
a re safety management program:

1. Assess needs and capabilitiehis step identi es an organization’s re safety
needs and determines what resources are available within an orgarandtio
from outside the organization. Needs should be translated into progresm goa
related to life safety, property conservation, and business continuity

2. Analyze facilities—All of the buildings, structures, and processes located
within a facility should be identi ed and listed. Once listed, the bugdjn
structures, and processes should be ranked according to the infrass’uct
value to the organization. Infrastructure that is crucial to the comwtinue
operation of the facility should be given rst priority. Next, priority akb
be given to replacement value.

3. Analyze re hazards-The ranked list from the previous step can be re ned
based upon re hazards within the facility. Target re hazawash as pro
cesses, materials, and environments should be considered. Once a list is
developed, the re hazards should also be ranked based upon theldikli
of a re occurring and the potential severity of a re.

4. Develop and implement life safety, re prevention, and re protection con
trols—This step is where the Fire Safety Concepts Tree is truly applied.
The result should be a written re safety management program thad@sclu
practices and guidelines for re risk management through facility design
engineered controls, and administrative controls and activities siseifa
inspection, training, education, and communication.

5. Evaluate effectivenessOnce the re safety management program is
implemented, its effectiveness should be evaluated regularly byediffe
organizational levels. Lessons learned should be communicated tbubugh
the organization and improvements made to strengthen weaknesses.

This action plan will help accomplish an organization's re safety goals in a
logical, organized, and cost-effective manner.
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PROGRAM GOALS

If an organization is to keep pace with its goals, a properdogsot program requires

an effective, well-trained re brigade, sophisticated detectioricdsy good house
keeping, and other re prevention and protection methods included in gsapns.
These goals can be accomplished by including key elements such as the following.

. Set policies and establish plans.

. Create and sustain employee interest.

. Plan safe buildings, equipment, and processes.

. Eliminate the causes of re, explosion, and other losses thrptaper
education, supervision, housekeeping, and maintenance.

. Provide automatic sprinklers and other protective equipment whenteche

. Maintain protective equipment in readiness.

. Organize and train employees for emergency action.

. Contact the local re service organization and de ne their respoitisibil
for assistance.

A WN R
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Using these goals as guidelines for the re safety management program,-the pro
gram structure can be designed as shown in Figure 3.2.

PROGRAM ELEMENTS

The complete support of upper management is necessary for the development and
implementation of loss control programs. All personnel must participate ie
safety management program. With innovative methods safety managers catemotiv
employees to support re control. A loss control program demands araiglet re
brigade, effective detection devices, and good housekeeping.

A re safety management program is divided into eight elements, expressed as
performance-based objectives. When objectives are completed, ghueization
achieves its goals. The eight program elements encompass:

e Inspectiongdo detect potential re hazards, assure that re protection sys
tems are operable, and assure regulatory compliance. They are conducted
by the safety staff or re brigade members.

e Education and trainingn the recognition of re hazards, the use of re
control equipment, and re code compliance are provided to all employees
Specialized training in re control equipment and procedures is given to
re brigade members.

< Fire suppressiorquipment includes extinguishers, sprinkler systems, and
alarms. A trained re brigade can contain and extinguish small res before
they grow large.

« Emergency servicasclude local re, police, and emergency services. The
safety manager develops re and emergency response plans for the utiliza
tion of these agencies. The agencies can serve as consultants for equipment
and regulations training.
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e Evaluation of re possibilityis the result of the safety manager’s thorough
and periodic inspections of layout, inventory, and storage practices

« Fire preventioris the incorporation of inspections and education to prevent

re losses before they can occur. A comprehensive re safety management
program is an inherent part of a complete organizational structure.

* Reports and record keepilagd management in re prevention, suppression,
and investigation. Reports describe the needs of the re safety management pro
gram, suggested actions, and actions taken to maintain the programsRecord
contain inspection and maintenance schedules, re history, antigawes.

e Communicationsnust be maintained between all departments of the orga
nization to ensure compliance with the program. The safety manager should
establish a good rapport with the local emergency service prevideded
during a re or emergency.

SYSTEM EVALUATION

It is important to remember that since the program has been designed for the orga
nization, and a re safety management organization has been developedtighe ini
program step should involve the evaluation of re possibilities. Thisuatiah of
an organization’s facilities will identify re hazards and establisionities for the
concentration of prevention and control efforts. One evaluationitaehthat can be
effective is the audit survey, which can be conducted with assistancextemag
resources. Support can be bolstered with help from the underwriter’s pekson
from insurance sources, or from technical services of brokers. Local estdegnt
personnel can also be used at a lower cost, sometimes free as a public service.
Once the organization has recognized the merit of the evaluation, it is-recom
mended that a form be developed to be used in the audit process. A suggested
audit form is shown in Figure 3.3. The audit process should present datd telate
(1) approximate area that could be involved in a re; (2) type of constryatmn
bustible or noncombustible; (3) area covered by a sprinkitersy (4) approximate
value of building and contents; and (5) relative importance of the buildimg
information will aid in the identifying and ranking of re hazs within an organi
zation (Firenze, 1978).

RECOMMENDATIONS

Every phase of the program must be considered in an evaluation. The use of the audit
program will emphasize the potential hazards within the organization awchsiv

their programs compare with others. The audit is often dif cult, but noresthel
necessary. In this same organization, the safety manager is responsibienéer fo
lating and establishing a re safety management program. The audit musyident

the hazards present in the organization (Underdown, 1971). It is a fact thmat, eve
though the development of different procedures will rest with persomnaidha

great deal of re protection knowledge, the re safety management progrartshou

be coordinated with other personnel within the organizationrderado be com
prehensive and effective, all personnel within the organizatiort hawve clearly
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XYZ Corporation: Facilities Audit Form

Location: Date:
Construction

Walls: Roof:

Floors: Partitions:

Unusual features (combustible interior nishing, insulation, etc.):

Boilers

Description and rating:

Fuel:

Combustion controls (including details on interlocks, purge cycle, ame safeguard, etc.):
Controls testing program:

Electrical

Power supply (including capacity, no. of feeders, etc.):
Transformers:

No. capacity major motors:

HP Spares?

Hazardous electrical equipment (Class | or I1):
Emergency generators:

Data processing: Description; Functions; Location; and Envelope construction:
Tape storage:

Air conditioning protection detectors:

Protection:

Computer area under oor:

Tape library:

Hazardous Operations (Flammable Liquids, Dust, etc.)

Plant Protection

Water supplies (include water test data):

Underground mains and valves:

Automatic sprinklers: Full Partial

Design: Alarms; Special protective systems (CO2, Halon, etc.):

Security
Watchman service:
Alarms:

Environs
Flood:
Seismic zone:

Human Element Program (Give Date of Programs)
Fire brigade:

Self-inspections:

Emergency planning:

Cutting and welding (hot work):

FIGURE 3.3 A suggested Audit Form. (Reprinted from Planer, Rolér, Loss Contral
New York: Marcel Dekker, 1979, p. 28, by courtesy of Marcel Dekker, Inc.)
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delineated responsibilities to the re safety management program. Umgreage
ment must state policies in writing to support the program and establishsiedpon
ity and authority to administer the program. The safety sfafieoorganization is
responsible for staff assistance to line and service departmerggrevention, re
protection, and control of emergencies affecting the safety of all chudils.
Middle-management personnel are responsible for participatingeirsafety
management program activities, reviewing re hazard and regulation @omoel
conditions, and supporting the establishment of re brigaBest, line supervision
must know the re protection systems and how they work in their department, coop
erate fully in emergency assignments made to their people, and set a good example
by working safely. Last, and most important, the line of responsibiéisyiith the
employees themselves. If they are cognizant of their responsibilitiee teetpro-
gram, many hazards can be reduced and subsequent res minimized. Esployee
must comply with supervisors’ instructions, report all accidents guddas, submit
recommendations, and know their exact duties in the event of a re.
It is essential to obtain backing from upper management for program geglelin
These guidelines will provide the credibility and attention needed tosue re
safety management program (Planer, 1979).

PROGRAM GUIDELINES

After analyzing the information found in the evaluation process of atiau re
vulnerabilities, protection guidelines can be developed. The reeption guide
lines should include:

1. Incorporation of NFPA codes and standards, OSHA standards, local and
state building codes, and requirements for types of building consinucti
necessary for safeguarding life and property.

2. Aranked list of areas, which have a signi cant value to the continuity of the
organization’'s operations.

3. A schedule for conducting life safety evaluations of all the structuitieis w
a facility.

4. Designreview processesandinclusion ofinsurance carrier'sresmfations.

5. Fire protection assessment schedules including assessmemngiegu
based upon property values and importance to continued operations.

6. Water supply requirements for high-value areas, or facilitiesriaguivo
separate water supplies.

7. Fire protection criteria for high-value areas or facilities méggia primary
means of re protection to be automatic and secondary means to be manual.

8. Guidelines for protecting special hazards such as computer, feemasdous
materials, storage warehouses, records archives, and electrical equipmen

Frequently, when large organizations have the need to develop numerous and
similar facilities (i.e., warehouses, distribution centers),étenay be advisable to
develop corporate loss control guidelines controlling structurddling services.
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The desirability of incorporating guidelines of this nature f@yighlighted by an
examination of past loss experience, which may show a need for improvement.

The safety manager has the responsibility for delegating authority, whitathe s
will implement the program. This will include assigning various respditiss to
employees, training and education, and evaluating and updating of thenprodpea
line and staff management must assume the leadership of their own department, as
well as carrying out their responsibilities. The employees should be fudiyeaof
the policies of the re safety management program. The delegation of resgensibil
ties will help ensure that the program will operate ef ciently.

Despite engineering efforts and an established loss preventiorapragrthe
corporate level, problems at facilities can continue to exist if the line \ssper
does not uphold his/her responsibilities to the re safety managemenaproghis
is recognized by insurance carriers who insist upon implementing mandgemen
responsibilities’ recommendations as a basic requirement for cov@tagensures
that activities and efforts such as self-inspection programs, ensgrgi@amning, re
brigades, and re prevention procedures will be implemented. Inseraarriers
frequently will insure facilities with major re protectioproblems where evidence
exists that management is responsive to improvements and is organizeelrsinsur
tend to hesitate insuring facilities where management is ineffective aniepiieg
and maintaining basic programs.

FIRE BRIGADE

An essential part of every plant emergency organization should be the isddustr
re brigade. This organization, as mentioned, may be of an extremely sephist
cated nature. A large and valuable facility located in a rural area may require that
a sophisticated re brigade be organized. Conversely, onlyadl sra brigade that
operates portable re extinguishers may be needed in a facility located inam urb
area. A re brigade should be organized to meet the needs of a specic facility
based upon location, the response time of local re departments, and tieofal
the facility. NFPA 600: Industrial Fire Brigadess a good resource for organizing

a re brigade.NFPA 600has been accepted by the Occupational Safety and Health
Administration (OSHA). NFPA currently has a Technical Committee upgldtie
standard for Industrial Fire Brigades’ Professional Quali cations. Titerhational
Society of Fire Service Instructors (ISFSI) publishes some outstapdiformance
criteria for industrial re brigades.

A re brigade utilizes manual re ghting methods for re suppression. 3 hi
may be considered the entire re safety effort available to suppress a sedarily
stages. The rst objective is to suppress a re in the event of impairment of automati
protection and to provide extinguishment capabilities where autonratiction is
not provided. The point has been demonstrated that a re brigade will be @daniz
differently for each facility. Manpower requirements for a re brigadeusd be
established. Anticipated res should be postulated and the numbersafis deter
mined from anticipated tasks required for re suppression. Management ecick: d
how it will support the re brigade in all areas, particularly equipment aaiditrg.
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OSHA requires employers to determine what type of re brigade thkkgup-
port. The two types of re brigades delineated by OSHA are the incipient stage
for re extinguisher use and re brigades for interior structural re gigi which
requires personal protective equipment (PPE) and supplied air apparatus

The following scenarios outline the types of responses that re brigades will
anticipate for re abatement.

1. Employees evacuate buildings eriPortable re extinguishers are not
provided. Employers must provide a written emergency action plan, re
prevention plan, training in evacuation, and shut down operations.

2. Employees evacuate buildings and portable re extinguishers arédeyv
for speci c, trained employeesEmployers must meet the requirements in
Scenario 1 in addition to maintaining and testing portable re extihguss

3. All employees can use portable re extinguishers in their immewiatk
areas—Employers must provide training in extinguisher selection and use
to all employees when rst hired and annually thereafter.

4. Portable re extinguishers will be used by designated employees in
assigned areas-Employers must provide a written emergency action plan,
re prevention plan, training as in Scenario 3 and in evacuation and shut
down operations.

5. Portable re extinguishers will be used by the re brigade to ght res
in the incipient stage onk+Employers must have a re brigade organi
zational statement, provide training annually as in Scenario 3 and specic
hazards training for brigade leaders and instructors.

6. The re brigade will ght all res, including interior structural res—
Employers musthave a re brigade organizational statement and policyerequi
physical examinations of all brigade members, provide OSHA-required per
sonal protective equipment, provide training annually as in Scenario 8 and i
speci ¢ hazards for brigade leaders and instructors.

In the selection of a re brigade leader, it is important that the individual dem-
onstrate good leadership and communication abilities. It was noteer ¢éhai sue
cess depends on the ability to || management positions with people whom other
people respect. Assistant leaders should demonstrate similarakiltey are likely
to be in charge of the re brigade during the absence of the leader. Because it is
important that the re brigade be prepared at all times, it is preferable to use-mainte
nance employees and other nonproduction employees as re brigade meattsrs r
than those committed to production processes.

The re brigade organizational structure should be broken into squadsaBpe
duties should be assigned to certain squads (such as ensuring that edveschre
open or re pumps are running). In addition to extinguishing res, irtliai squads
have the responsibility for salvage and handling electricallgmeb In smaller
organizations, multiple functions can be assigned to one squad.

Cragg (1993) outlines the responsibilities and quali cations for re laégaem
bers and leaders. TH¢FPA 600standard covers the minimum requirements for
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organizing, operating, training, and equipping industrial re hiegm Additionally,
the standard covers minimum requirements for brigade members.
The re brigade’s responsibilities are to:

e Supervise department re evacuation drills

e Operate re ghting equipment (e.g., extinguishers, hoses)
e Provide emergency scene rst aid and CPR if needed

¢ Conduct inspections of particular departments

« Implement emergency shutdown procedures

Fire brigade members will satisfy the following objectives:

» Explain the function of the re plan as it relates to his or her department
¢ Work closely with other members of the re brigade during re evacuation
drills and actual emergencies
« Demonstrate the ability to extinguish or con ne re with the following:
* Class A, B, C extinguishers
e Carbon dioxide
* Hoses
e Demonstrate pro ciency in emergency scene rst aid
* Demonstrate pro ciency in CPR
e List locations of exits, stairways, alarm sirens, escape lights, puthglar
extinguishers, and hoses
e List evacuation procedures for his/her department
e Be uent in written and spoken English

The re brigade leader’s responsibilities are to:

e Coordinate the implementation of the re plan

e Make certain re brigade members have received training to satisfy quali
cations listed above

e Coordinate the re plan into the organization’s general safety plan

e Assess potential re dangers to employees

* Provide post building evacuation route maps

* Locate emergency rst aid centers, if needed

e Provide and evaluate emergency scene rst aid and CPR

¢ Schedule and evaluate monthly evacuation drills

¢ Schedule monthly inspection of equipment

e Schedule monthly inspection of physical equipment (e.g., escape lights,
doors, illuminated exit signs)

e Actas liaison between the organization and local re and police departments

* Delegate a representative in his/her absence

INDUSTRIAL FRE BRIGADE M EMBERPROFESSIONALQ UALIFICATIONS—2012 STANDARD

NFPA 1081:Standard for Industrial Fire Brigade Member Quali catigngas pre-
pared by the technical committee that | served on for the past 10 years. Since our
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committee met a number of times with the standard 10881 committee it was
adopted at the May 2001 meeting of the National Fire Protection Association. The
job performance requirements for the levels of industrial re brigadeatipas are
de ned inNFPA 1600

Since the 2012 edition 6fFPA 1081the committee has added time requirements
of 2 minutes to Chapters 6 and 7 that relate to clothing and the activation of SCBA
and PASS devices. In addition, a section has been added that addressegsthe limi
and responsibilities of industrial re brigade members in order to be tensigith
NFPA 600 The committee has also added a new chapter to address the quali ca
tions that support members would provide to the industrial re brigade NARA
1081 Standardvas approved as an American National Standard on June 20, 2011.

EMERGENCY PLANNING

Emergency planning is essential for avoiding severe losses to peaplettpr and

the continuity of business. A well developed and rehearsed emergency plant@n be t
difference for preventing a small emergency from escalating into a catestEarh
organization will have certain inherent hazards along with the usual icoisdibhat
should be considered during emergency planning. Several resoweaeadable to

the safety manager for emergency planning, in particilagrgency Management
Guide for Business and IndustBederal Emergency Management Agency (FEMA);
Hazardous Materials Emergency Planning Guitlational Response Team; and
NFPA 1620: Pre-Incident Planningnsurance carriers and local re departments
are also excellent sources of information for emergency planning.

The rst step in emergency planning is to recognize and identify the hazards and
determine facility vulnerabilities to emergencies. This can be donergucting
an assessment involving several representatives from differgatgighe facility.

As discussed previously, the goals are to provide for life safety, consepeartyro
and assure that business can continue. The potential impact of certain erasrgen
and the possibilities for long-term interruption of operations shoelldomsidered.
Emergencies and vulnerabilities should be ranked to prioritize nessolater.

The next step is to start planning for the most likely and seweeegencies. The
planning process should evaluate the interior layout, escape rousbisgoints,
accessibility to re ghting, ventilation, water supply, detiect and alarm systems,
communication methods, automatic re suppression, re department aceds
exposure protection. An emergency plan should detail the duties of pelrsom
the re brigade.

The third step in emergency planning is to ensure that the organization can imple
ment the emergency plan. Regular re drills, re brigade drills, tabjeexercises,
and full-scale emergency simulations should be conducted. etps ensure that
the organization is prepared to respond to emergencies. Rehearsals can also help to
identify and correct weaknesses in the emergency plan before an actuaremerg
Rehearsals of the emergency plan should also include outside organizatioas su
re departments, police departments, hazardous materials teamstriatirescue
teams, and local governments. After an emergency plan is developed a&uad test
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several times, it should be critically examined to uncoverfartyer weaknesses
that require improvement.

PLANT SELF-INSPECTION

Upper management is responsible for recognizing the loss potentii antbrgan
zation. Therefore, it should devise a means for identifying those pdtessias. One
way this may be accomplished is by establishing a plantrsgéction program.
A plant self-inspection program is often an important factor for obigiinsurance
coverage or reasonable insurance premiums. A self-inspectionpregoald focus
on good housekeeping, re prevention practices, proper maintenance pfotee
tion features, safe handling of hazardous materials, and other re safetylsontr

Personnel conducting self-inspections should be quali ed for ths iagolved.
Suggested quali cations might include a maintenance-oriented baakdyr famit
iarity with the physical layout of the facility; membership in the re brigade; an
working knowledge of those items, areas, or processes being insgeathdorga
nization should determine its own quali cations. Candidatesgdcbe enlisted from
the safety staff, management, supervisory staff, or hourly employees. Aty s
be the type of individuals who possess the necessary knowledge to perforrk the tas
in a reliable and effective manner, as well as personal swits as a good attitude
and responsiveness.

Once personnel have been selected to perform self-inspection haedkequency
of self-inspections must be determined. This may vary greatly dependiwhai
is being inspected. The frequencies can vary from hourly, to weekly, tolgnnua
This will depend on the potential re severity, cost, delay, history of p#atda,
manufacturer's recommendations, or specic codes and standards. &uaplex
the recommended frequency for inspecting a sprinkler system is weeldly,imh
an organization with no xed protection system, monthly inspectioasuaually
suf cient. A sample monthly inspection report is shown in Figure 3.4.

Several types of inspections are available for inclusion in a selfdtisperc
gram. Each type can be systematic and ef cient. The four types of inspection are
periodic, intermittent, continuous, and special. Periodic,imtéznt, and continuous
inspections are particularly useful when incorporated into preeentaintenance
programs. Special inspections can be done when new equipimstaiked or during
promotional campaigns such as the National Fire Prevention Week. lnogdectns
are available from many sources in varying detail for diffepemposes. Insurance
carriers, the NFPA, and consulting organizations all have inspectios railable
for self-inspection. Many organizations have found that their needstéee et by
designing their own forms using other organizations’ forms as models.

Upon identifying de ciencies, it is necessary to notify appropriatsgeel to
correct the de ciencies. Any impairment should also be reported. A systedefor i
tifying equipment that is out of service for repair should be developel.s&Bsystem
might involve tagging. One part of a tag is left on the equipmesding service.

It should be a noticeable color such as red, yellow, or orange. The seconfl part o
the tag is sent to the insurance carrier. The third part of the tag is kept by the safety
department to indicate that a correction is needed.
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Loss Prevention Inspection Report

Facility: Inspection to Be Made at Least Once a Month
Inspector:
Location: Date:

Identify de ciencies, if any, in the following programs. Make appropriate comments concerning location,
speci ¢ de ciency, and corrective action taken or required. Major changes in occupancy or construction,
as they affect programs, should also be described.

De ciencies

Program Overview None  Noted Comments

[N

. Impairments to Protective Systems

. Smoking Regulations

Maintenance

. Employee Training

. New Construction

. Review of Insurance Recommendations
. Pre-Emergency Planning

. Hazardous Materials Evaluation

. Cutting, Welding, and Other Hot Work

. Fire Protection and Security Surveillance
. Fire Protection Equipment Inspection

. Process Hazard Evaluation

13. Proper Housekeeping

© 0N U WN
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Additional Comments (Identify by Program Number):

Report reviewed by: Position:

(signed)

FIGURE 3.4 A sample Monthly Inspection Report. (Permission to reprint granted by HSB
Industrial Risk Insurers, Copyright © 1982.)

CUTTING AND WELDING

Numerous large-loss res have been caused by portable cutting and weldipg equ
ment. Cutting and welding activities can produce sparks, ames, hot slagt or ho
pieces that ignite nearby combustibles. Susceptible combustibles arg roo
materials, wood, paper, plastics, liquids, and gases. Respityddailsafe cutting
and welding rests with the cutter or welder and supervisor (Planer, 183R$. that
involve cutting, welding, or brazing are often ternted work

Management should establish procedures for approving hot work: desgyaati
individual responsible for authorizing it, requiring the use of appt@guipment,
and training personnel in hot work procedures. Contractors shouldbjeteal
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to an organization’s hot work procedures also. The supervisor is redpdiosib
assuring that hot work is conducted safely. A typical method for assuring that ho
work is conducted safely is through a hot work permit system. Prior to dimgluc
hot work tasks, the cutters or welders must obtain a permit from an authorizing
person. Issuance of the permit requires that a pretask inspection of thereark a
be conducted by the authorizing person. The pretask inspection inchstsiog
conditions and housekeeping in the area, protecting combustibles finétionig
and assuring that a re watch will be posted. A re watch during hot work is essen
tial. This involves a second person spotting the cutter or welder with djeore
extinguisher. The idea is that if a small re is ignited by aatidthen the spotter
can quickly extinguish the re before it spreads into a large re. The hot work area
should also be inspected one to two hours following the hot work task to assure that
a re is not smoldering.

NFPA 51B: Fire Prevention in Use of Cutting and Welding Procegsesides
further precautions for hot work operations. Figure 3.5 is an example ofpatiios
form for general re prevention and protection requirements for weJdintting,
and brazing.

HAZARDS WHEN WELDING

There are a number of hazards of welding operations that include toxic gasés, meta
fumes, and infrared radiation and ultraviolet exposures. The advertedfésits of
overexposure to welding fumes and gases include chronic or acute systéson

ing, metal fume fever, and pneumoconiosis (lung disease) due to the acaamuflat
mineral or metallic particles and irritation of the respiratory tract. You mage

sure that your employees avoid the adverse effects of exposure to fumedtion add

to the health hazards of metal fumes and toxic gases, welding operations imelude t
hazard of burns from ame, arc, molten metal, and heated surfaces and also that of
metal splatter. Additionally, welding operations should require faee,and neck
protection for all welders against sparks, splatter of molten metal, aiadioacdf

the arc or ame, which is the reason why welders should wear a welding hood or
helmet, though in other cases gas welding may be properly done with the proper
goggles, gloves, and other protective clothing to protect the arms and neck.

REGULATING SMOKING AREAS

Every year, re statistics reveal that smoking in the workplace causes seeere r
losses. Regulating smoking areas is typically one of management’s moreltdif ¢
employee relations challenges. An employee’s desire to smoke is usuedly ict

with management’s serious concern for re safety and production ef ciéneyost
cases, complete prohibition is unrealistic, however, careful régulean achieve
the desired results.

Smoking regulations should be speci c. They should clearly state whereyempl
ees can smoke and when. Smoking should be prohibited in the presence-of am
mable liquids or gases, combustible dusts, combustible bers, andstidgdsttorage
or processing of combustible materials. The enforcement of no smoking igetglati
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(Side 1)

Permit for Cutting and Welding with Portable Gas or Arc Equipment

Date:
Building:
Dept: Floor:

Work to be done:

Special precautions:

Is re watch required:

The location where this work is to be done has been examined, necessary precautions taken, and permission
is granted for this work. (See other side.)

Permit expires:

Signed (Individual responsible for authorizing welding and cutting.)
Time started: Completed:
Final Check

Work area and all adjacent areas to which sparks and heat might have spread (including oors above and
below and on opposite side of wall(s) were inspected 30 minutes after the work was completed and were
found re safe.

Signed (Supervisor or Fire Watcher)

FIGURE 3.5 An example of a Hot Work Inspection Form. (Reprinted with permission from
NFPA 51B:Fire Prevention in Use of Cutting and Welding ProcesQesncy, MA: National
Fire Protection Association, Copyright © 1994. This reprinted materiabi the complete
and of cial position of the National Fire Protection Asso@ation the referenced subject,
which is represented only by the standard in its entirety.)
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(Side 2)

Attention: Before approving any cutting and welding permit, the re safety supervisor or appointee
shall inspect the work area and con rm that precautions have been taken to prevent re in accordance
with NFPA 51B

Precautions
Sprinklers in service

Cutting and welding equipment in good repair

Within 35 Ft of Work
Floors swept clean of combustibles
Combustible oors wet down, covered with damp sand, metal, or other shields
No combustible material or ammable liquids
Combustibles and ammable liquids protected with covers, guards, or metal shields
All wall and oor openings covered

Covers suspended beneath work to collect sparks

Work on Walls or Ceilings
Construction noncombustible and without combustible covering

Combustibles moved away from opposite side of wall

Work on Enclosed Equipment (Tanks, containers, ducts, dusts collectors, etc.)
Equipment cleaned of all combustibles

Containers purged of ammable vapors

Fire Watch

To be provided during and 30 minutes after operation
Supplied with extinguisher and small hose

Trained in use of equipment and in sounding re alarm

Final Check
To be made 30 minutes after completion of any operation unless re watch is provided.

Signed (Supervisor)

FIGURE 3.5 Continued)
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easy. Although most smokers are careful, a policy on smoking must be astblis
with the careless smoker in mind. The following are some suggested guidelines.

Focus attention on storage areas. More res are ignited from careless
smoking in storage areas than in any other location. Cartons, packaging,
and other combustible materials furnish the fuel needed to initiate a re.
Modern stacking methods favor rapid re spread thus exposing highly con
centrated values.

Where smoking is permitted in of ces, it should be con ned to rooms.
Smoking in corridors or open spaces should not be allowed. A policy should
also be imposed that smoking must cease 30 minutes before the of ce or
room is vacated for the night and smoking materials must be disposed of in
proper receptacles.

Shipping or receiving areas are other locations where carelessngmoki
starts many res. No smoking should be strictly enforced. Wrapping and
packing materials such as carton ats, newspapers, excelsior, burlap, shre
ded paper, wood bracing, and wooden containers are used in large quanti
ties and provide the fuel for easy ignition.

All areas should be clearly designated as to whether smoking is prohibited
or limited in any way. Where smoking is permitted, such as mergdly
noncombustible plant areas, cafeterias, restrooms, and of ces, gasd h
keeping should be emphasized. Ashtrays, sand- lled containet ik

lar receptacles should be convenient to smokers. They should be designed
to prevent contents from falling out and should not be used for the disposal
of general rubbish.

Study Guide Questions

1.

9.

10.

What are the eight program elements that should be included in detg sa
management program?

. What are the responsibilities of each management level to the re safety

management program?

. Discuss the formation of emergency plans.
. What are some speci c areas that are inspected where pumps or sprinkler

systems are concerned?

. Who is responsible for safe cutting and welding practices?
. What speci ¢ work areas of an industry should be focused upon when con

trolling smoking?

. What are the goals of an effective loss control program?
. What effect does the organizational structure have upon the re safety

management program?

List some of the responsibilities of a re brigade, re brigade membeds, an
the brigade chief.

List some of the items included in the protocol for welding and cutting.
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Case Studies

1. Develop an action plan for implementing a re safety management program
for your employer or university.

2. Develop an emergency plan for the building in which you work or attend
classes.

3. Develop a set of program guidelines for a mock re nery, chemical plant, or
other high-hazard facility.

4. Form a group of four persons and develop a complete, written, re safety
management program for a facility.
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|denti cation and
Control of Materials
Considered Hazardous

L 0]
After completion of this chapter, the reader should be able to:

1. Recognize and identify hazardous materials.

2. Understand the three basic physical hazards of chemicals.

3. Explain what oxidizing chemicals are and how they intensify the cstinhu
of other materials.

4. Describe the termash pointandignition point

5. Explain why you should read labels and Material Safety Data SheetMSD
forms prior to starting any task involving a hazardous chemical.

6. Be able to explain re loading.

7. Describe the number system used by the United Nations and Department of
Transportation (DOT) in classifying hazardous materials.

8. Explain the four conditions indicated by the National Fire Protection
Association’s re diamond.

9. Explain the problems with combustible dust and the Otiaunad, Health,
and Safety Administration (OSHA) focus on this critical problem.

IDENTIFICATION OF HAZARDOUS MATERIALS

In the past, chemical manufacturers labeled their products with the warnings
“Caution,” “Danger,” and “Handle with Care.” The terms were vague and did no
indicate speci ¢ hazards associated with particular chemicals. The U.S. Depéart
of Transportation labeling systed@®(CFR 172 contains requirements for the ship
ping, marking, labeling, and placarding of 1400 hazardous materials. The objec
tives of this standard are to (1) provide an immediate warning of potentisdrdang
(2) inform emergency responders of the nature of the hazard; (3) state emergency
spill or release control procedures; and (4) minimize potentiali@sjdirom chemi
cal exposure. The standard contains a hazardous materials table listingcasbsta
by name, prescribing requirements for shipping papers, package maakielind,
and transport vehicle placarding.

Table 4.1 shows a comparison listing of United Nations and DOT classinsatio
for hazardous materials. The classes of hazardous materials that must be labeled and
placarded are as follows: explosives, ammable and combustible matexigizers,
corrosives, poisons, compressed gases, etiologics, and radioaaterials.

37
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TABLE 4.1
United Nations and Department of Transportation Classi cation
of Hazardous Materials

United Nations Class DOT Classi cation
1 Explosives: Class A, B, and C
2 Non ammable and ammable gases
3 Flammable liquids
4 Flammable solids, spontaneously combustible substances, and water reactive

substances

5 Oxidizing materials and organic peroxides
6 Poisons: Class A, B, and C

7 Radioactive I, I, and Il

8 Corrosives

9

Miscellaneous materials which can present a hazard during transport, but are
not covered by other classes

The United Nations organization has established a number dygsfanther clas
sify hazardous materials. This class number appears at the bottom of each DOT label
Table 4.1 lists these numbers and classi cations.

Of particular use to safety managers in a re loss control program is the U.S.
DOT's Guidebook for Initial Response to Hazardous Materials Indigi@ublished
annually. The guide’s purpose is to provide instructions for initigmtd be taken
to protect emergency services personnel (including re brigade meminethe
handling of incidents involving hazardous materials. Table 4.2 frorGthdebook
presents a discussion of evacuation (isolation) distances involvingrécethspill.

TABLE 4.2
Table of Evacuation (Isolation) Distances

1. Determine if the accident involvesmallor large spill and ifday or night Generally, amall spill
is one which involves a single, small package (i.e., up to a 208 liter [55 U.S. gallon] drum),
a small cylinder, or a small leak from a large packadarde spillis one which involves a spill
from a large package, or multiple spills from many small packages.

2. Determine the initiakolationdistance. Direct all persons to move, in a crosswind direction,
away from the spill to the distance speci ed in meters and feet.

3. Next, determine the initigrotective action distancéor a given dangerous goods, spill size,
and whether day or night, try to determine the downwind distance—in kilometers and miles—for
which protective actions should be considered. For practical purposes, the Protective Action Zone
(i.e., the area in which people are at risk of harmful exposure) is a square, whose length and width
are the same as the downward distance.

4. Initiate protective actions to the extent possible, beginning with those closest to the spill site
and working away from the site in the downwind direction. When a water-reactive PIH producing
material is spilled into a river or stream, the source of the toxic gas may move with the current
or stretch from the spill point downstream for a substantial distance.
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The Guidebookcautions its users that it

... should not be used to determine compliance with DOT hazardous mateyidss re
tions.... This guidebook can assist you in making decisions, but you cannateronsi
it to be a substitute for your own knowledge or judgment. The distinction is iamort
since the recommendations it contains are those most likely to apply to aynafjori
cases. Itis not claimed that the recommendations are necessarilytadeaaplica

ble in all cases. While this document was primarily designed for the use arddez
materials incident occurring on a highway or a railroad, it will, with cerlianita-
tions, be useful in handling incidents in other modes of transportation saullities
like terminals and warehouses.

Initial Isolation
Zone

K

Spill

Initial Isolation
Distance

The shape of the area in which protective actions should be (thkeRrotective
Action Zone) is shown in the gure. The spill is located at the center of the small
circle. The larger circle represents théial Isolation zone around the spill.

Wind Diredion

v

Protedive _ - ‘
Action Zone - 1/2 Downwind

Distance
Initial d

Izsolation —> y Downwind Distance
one - 1/2 Downwind

-

~~ _ Distance

-
-
-~
~

Spill

Note See “Introduction to the Table of Initial Isolation and Protective Action
Distances” in thd996 North American Emergency Response Guidetoodictors
which may increase or decrease protective action distances (1996).

Call the emergency response telephone number listed on the shipping paper, or
the appropriate response agency as soon as possible for additional iiefoonahe
material, safety precautions, and mitigation procedures.

DOT requires that tank trucks carrying hazardous materials display a num
bered placard. The identi cation number is based on a system created byitdte Un
Nations Committee of Experts on the Transportation of Dangerous Goods. The
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When approaching a reported or suspected dangerous goods incidéringneo
placarded vehicle, the following precautionary measures shoulhisalered:

1. Approach the incident cautiously from upwind to a point from which you
can safely identify and/or read the placard or orange panel information.
If the wind direction allows, consider approaching the indidierm uphill.

Use binoculars, if available.

2. Match the vehicle placard(s) with one of the placards displayed on the
following pages.

3. Consult the numbered guide associated with the sample placard.atse th
information for now.For example, aammable (Class 3) placard leads to
Guide 127. Acorrosive Class 8) placard leads to Guide 153. If multiple
placards point to more than one guide, initially use the moseoeats/e
guide (i.e., the guide requiring the greatest degree of protectieag)cti

4. Remember that the guides associated with the placards provide rlhe mo
signi cant risk and/or hazard information.

5. When speci c information, such as ID number or shipping name, becomes
available, the more speci c guide recommended for that mateniest m
be consulted.

6. If Guide 111 is being used because onlydheger/dangerouplacard is
displayed or the nature of the spilled, leaking, or burning niahtis not
known, as soon as possible, get more speci ¢ information concerning the
material(s) involved.

FIGURE 4.1 Recommended procedure for rst responders to potential Hazmat spin (F
the 1996 North American Emergency Response Guideld®86.)

four-digit number identi es a speci ¢ hazardous material and has no otherimgean
(e.g., 1090 represents acetone).

To use th&uidebookidentify the material by nding its four-digit number on the
placard, shipping papers, or package. The material can be foundGuitdhebook
by number or name. Material name and number refer to a two-digit guialeen.

The two-digit guide number refers to a detailed instruction sheet iGufdebook
TheGuideboolkalso offers instruction to emergency responders in situations where the
materials being transported cannot be identi ed by ID number or name (Figure 4.

DOT requires color-coded, diamond-shaped labels on shipping cenrstdiold
ing an amount of hazardous material, which could cause a hazardwlioocoin
transportation (see Figures 4.2 and 4.3 on pages 41 and 42Guittebookunder
Transportation). A DOT label indicates the container or package holds a-hazard
ous material. However, because of exemptions based on the size of inner tontaine
placed in outer shipping containers, a package without a DOT label magst#irc
signi cant amounts of hazardous materials.

We noted in Chapter 3 that an effective re loss control program requiresman eli
ination of the causes of re by education, housekeeping, and maintenance. By iden
tifying potential hazards we can minimize what safety prajesss callhazardous
contacts(i.e., incidents resulting in losses to personnel, prgpartd production).
NFPA 704: Identi cation of the Fire Hazards of Materials for EmergencypBese
is used for laboratories, chemical processing facilities, warehousestpaage areas.

The system is designed to enable re ghters to protect themselves from irfuery w
ghting res in these areas. Obviously, it is necessary for an in-house redwiga
recognize hazards that exist in their facility (Figures 4.2 and 4.3).
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'SPONTANEOUSLY
COMBUSTIBLE

o)

OXIDIZER
5.1

(Label Only)

CORROSIVE

8

FIGURE 4.2 Placard examples. (From tNerth American Emergency Response Guidepook
1996.)
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AGENTS

FLAMMABLE

3

FIGURE 4.3 Placard examples. (From tNerth American Emergency Response Guidebook
1996.)
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TABLE 4.3

Classes of Flammable Materials

Hazardous Class De nition Examples
Flammable Liquid Any liquid with a ash point below 37.8°C (100°F). Gasoline, pentane
Flammable Solid Any solid material, other than one classi ed as an  Phosphorus,

explosive, which is likely to cause re by self-ignition sh meal
through friction, absorption of moisture, chemical

changes, or retained heat. Can be ignited readily

and burn vigorously.

Flammable Solid Same de nition as above, with the additional fact that Magnesium scrap,
(Dangerous when wet) water will accelerate the reaction. lithium silicon
Flammable Gases Any mixture or material in a container having an  Methane,

absolute pressure exceeding 40 psi at 70°F or any  methyl chloride
liquid ammable material having a vapor pressure
exceeding 40 psi at 100°F.

Combustible Liquid Any liquid with a ash point at or above 37.8°C (100°F) Pine oil, ink,
and below 93.3°C (200°F). fuel oil

HAZARD ANALYSIS/CAUSAL INVESTIGATION

This approach is a system-safety effort in the identi cation and evaludtalh e
loss exposures. Flammable materials are ammable liquids, solidsses.gahe
distinctions are drawn in Table 4.3.

Management's role is to predict, identify, decide, execute, and evaluatazhe h
ards based on sound principles and to be able to understand the nature of the hazards.
Since this re safety handbook’s primary purpose is management orieniestiein s
safety concept to hazard analysis is to identify all physical hazards cedaeith
the facility. According to Willie Hammer (1989), “a hazard analysis is used e ide
tify any dangers that might be present in a proposed operation, the types aed degr
of accidents that might result from the hazards, and the measures that can be taken to
avoid or minimize accidents or their consequences.” This proactiveagbpantici
pates unsafe actions and conditions.

Hazard analysis/reduction should follow the 10 elements of a managemeanprogr

. Identi cation of Hazards

. Hazard Inventory

. Descriptive Information

Fire Plan

. Training Program

. Inspection Program

. Scheduled Fire Drills (monthly, annually, etc.)

. Risk Evaluation

. Responsibility/Accountability of Management

. Recommendations at All Levels of Management

©ONOUTAWNRE
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Flammability signal
(Red)

Health signal Reactivity sigal

(Yellow)

Special or additiona
information
(White)

FIGURE 4.4 NFPA 704 diamond. (Reprinted with permission frodfkPA 704-1990:
Identi cation of the Fire Hazards of MateriglQuincy, MA: National Fire Protection
Association, Copyright €©990. This reprinted material is not the complete and of cial
position of the National Fire Protection Association, on the referencedcsubjhich is
represented only by the standard in its entirety.)

NFPA 704

NFPA 704provides an easy method of recognizing hazardsNHRA 704 Diamond
indicates the health, ammability, and reactivity (i.e., stabilityzdrds of chemicals
by placing numbers in the three upper squares of the diamond (see Figure 4.4).

Health Hazards Are Indicated in the Left Square, Color-Coded Blue

4. Materials which on very short exposure could cause death or majer resid
ual injury.

3. Materials which on short exposure could cause serious temporary or
residual injury.

2. Materials which on intense or continued, but not chronic, exposule: cou
cause temporary incapacitation or possible residual injury.

1. Materials which on exposure would cause irritation but only minor
residual injury.

0. Materials which on exposure under re conditions would offer no hazard
beyond that of ordinary combustible material.

Flammability Hazards Are Indicated in the Top Square, Color-Coded Red

4. Materials which will vaporize rapidly or completely at atmospheris-pre
sure and normal ambient temperature, or which are disperaddyrand
which will burn readily.

3. Liquids and solids which can be ignited under almost all ambient tamper
ture conditions.

2. Materials which must be heated moderately or exposed to relatively high
ambient temperatures before ignition can occur.

1. Materials which must be preheated before ignition can occur.

0. Materials that will not burn.

Reactivity (Stability) Hazards Are Indicated in the
Right Square, Color-Coded Yellow
4. Materials which in themselves are readily capable of detonations or of
explosive decomposition or reaction at normal temperatures andnaessu
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3. Materials which in themselves are capable of detonation or explosive
decomposition or reaction, but require a strong initiating source, ichwh
must be heated under con nement before initiation, or which react-explo
sively with water.

2. Materials which readily undergo violent chemical changeesatdd tem
peratures, or which react violently with water, or which may form explosive
mixtures with water.

1. Materials which in themselves are normally stable, but which can become
unstable at elevated temperatures and pressures.

0. Materials which in themselves are normally stable, even under re expo
sure conditions, and which are not reactive with water.

Special Information Is Indicated in the Bottom Square, Color-Coded White

1. The letter W with a bar through it indicates a material may have-a haz
ardous reaction with water. This does not mean “use no water,” but rather
“avoid the use of water.” Note that some forms of water (e.g., foqher
spray) may be used. Because water may cause a hazard, it is advised that
water be used very cautiously until re ghters have proper information.

2. The radioactive “pinwheel” indicates radioactive materials.

3. The letters “OX” indicate an oxidizer.

SAFETYDATA SHEETS(SDS)

The OSHA Hazard Communication Stand&® CFR 1910.1200equires Material
Safety Data Sheets (MSDSs) in addition to labels and warnings on contatmers. T
standard assigns responsibility to the chemical's supplier for the tarftehe
MSDS. Employers are required to do the following:

1. Make SDSs available to all employees, designated representathM@SHA.

2. Instruct employees to label all portable containers contairaegrtious
substances not intended for their immediate use.

3. Train employees about the main features of the Hazard Communication
Standard: labels, MSDSs, the company’s written program, list of hazard
ous materials, and required training. The employer is required to instruct
employees in how to recognize, understand, and protect themselves from
hazards they will encounter in the workplace.

It is the employer’s responsibility to con rm that the SDSs supplied with chemi
cals are adequate. If not, the supplier must be informed and any inadequate or
incomplete information corrected. The information must be written ini§ingrhe
following minimum information is required on a Material Safety Data Sheet:

1. Specic identity of each hazardous chemical or mixture ingrediemt an

common names.
2. Physical and chemical characteristics of the hazardous materials such as:

a. Density or speci c gravity of liquid or solid
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b. Density of gas or vapor relative to air
c. Bailing point

d. Melting point

e. Flash point

f.

Flammability range
g. Vapor pressure

3. Physical-hazard data such as stability, reactivity, ammapiibyrosiv
ity, explosivity.

. Health-hazard data including acute and chronic healthteffex target
organ effects.

. Exposure limits such as OSHA Permissible Exposure Limits (PELS).

. Carcinogenicity of material.

. Precautions to be taken including use of personal protective equipment

. Emergency and rst aid procedures, including spill cleanup riméition
and the Environmental Protection Agency’s (EPA) reporting requirament
in the event of a spill.

9. Supplier or manufacturer data including:

N

(S BE NN )|

a. Name

b. Address

c. Telephone number
d. Date

No blanks are allowed in any section of an MSDS. Note that the OSHA Hazard
Communication Standard is performance oriented, that it, is the resfigneftihe
employer to develop the speci cs of a HazCom program. Because of this there is no
standard format for Material Safety Data Sheets. Mansdorf (1993) notes that

...for 20 different suppliers you will nd 19 varied formats for MSDSs. Theldy
orientation, type fonts, order of information, categories, compedieness, length

and almost any other attribute are widely variable. Some MSDSs are endjcliope
treatment and may run to 20 pages while others will be only one or two pages with
very brief information.

Keep in mind that information must be imparted from MSDSs to eaplogee so
that he/she learns at least the following about each chemical in his/her workiaeviton

. How hazardous is it? (a) Flammable? (b) Toxic? (c) Poisonous? (d) Eeplosi
. Will it cause cancer?

. What organs does it affect (e.g., lungs, skin, etc.)?
. Will it evaporate readily?

. Will the liquid oat or sink in water?

Will the gas vapor rise or fall in air?

. What are the exposure limits?

. What protective equipment must be used?

. What rst aid measures are required if exposed?

. What to do if there is a spill.

. How to handle a spill.

. Whom to phone or write to for more information.

©ONODUTAWNER
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Making an MSDS available does not satisfy the need for necessary traineng. On
loose-leaf notebook of MSDSs is inadequate where multiple cladésrare used at
multiple workstations. It is wise to keep alphabetical les of tlwstmecently avail
able MSDSs for particular chemicals used in each department. A permaneatlindex
le should contain all MSDSs for all materials. Only MSDSs for materials used in a
particular department should be made available to the employees of thatepart

GLOBAL SAFETY AND HEALTH ADMINISTRATION

The completion of the Globally Harmonized System (GHS) for the Classi catidn a
Labeling of Chemicals is a signi cant achievement carried on by the World Health
Organization (WHO). In 2003, the UN adopted the GHS of classi cation as well as
safety data sheets. The United States was an active player in developing the GHS and
today is a very active member of the UN Committee to maintain and coordinate the
implementation of the system.

With many of the placards stated earlier in this chapter currently being-imple
mented, but based on the fact that the GHS system is currently in effect, having
an internationally harmonized system should not rest after developindotied g
system and must continue toward implementation, maintenance, and devaiop
of the program.

There still needs to be a great deal of research for GHS to pedalized as it
was conceived in 1992. However, the strength of the initial idea has sustaned t
development of GHS through many years and with a great deal of success. In 2010,
GHS was implemented in various stages in 67 countries.

GHS is a key factor for the hazardous materials industry, which is very-impor
tant to the United States, even though it is an idea that came before OSHAs Hazard
Communication Standard. This gave momentum and exposure potentialtity iden
broad and effective control programs.

By June 1, 2016, all employers must fully comply with the revised Globally
Harmonized System, and complete training of employees and newheidérgtzards
and/or new updates to workplace hazard programs.

EMERGENCY RESPONSE MUTUAL AID NETWORK

Because many jurisdictions and in-house re brigades are not equipped tattieal w
hazardous materials incidents, the Chemical Manufacturers Associddbhisted
the Chemical Transportation Emergency Center (CHEMTREC). CHEMTREC was
created in 1971 in response to a growing need for information and assistance by
emergency responders and carriers of hazardous materials. The center was devel
oped as both a resource for obtaining immediate emergency response ioformat
and as a means by which rst responders (i.e., local re departments and in-house
re brigades) could obtain prompt technical assistance from chemicabtiyd
experts during emergencies.

CHEMTREC is in operation 24 hours a day, seven days a week, and can be
reached through its toll-free emergency number, (800) 424-9300, frprhare in
the United States, Puerto Rico, the U.S. Virgin Islands, and Canada. CHEMTREC
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can be reached from outside the United States and Canada and from ships at sea by
calling collect the international and maritime number, (202) 438-7The emer
gency number is displayed on tank trucks and rail cars to assist rst respamde
the emergency scene.

In addition to CHEMTREC, the Chemical Manufacturers Association operates
an emergency response mutual aid network made up of emergsponse teams
of member companies and commercial contractors. The network is activated whe
CHEMTREC noti es a member company that an incident involvingadries prod
ucts has occurred and expert assistance may be needed at the scene. If a shipper
that is a member of the network is unable to respond in a reasonable time because
of distance or other circumstances, CHEMTREC links the shipjlera response
team closest to the scene that can provide assistance. The team, which could be
another chemical company’s or that of a private contractor, responds on féhalf o
shipper and provides assistance until the shipper’s personnel arrive

CHEMTREC has a reference library of 1 million MSDSs and has several mutual
aid programs for speci ¢ products such as chlorine, phosphorus, leydnegride,
hydrogen cyanide, vinyl chloride, sulfur dioxide, hydrogen pe®xcompressed
gases, and swimming pool chemicals. CHEMTREC's public servicewengency
number provides health, safety, and environmental information. ddflee from
anywhere in the United States, Monday through Friday, 9:0Q¢0 6:00. . eastern
time, (800) 262-8200.

Cote and Bugbee (1988) caution that “... releases of hazardous substanees creat
incidents with a wide variation of consequences, ranging from insidetit little if
any impact to those affecting thousands of people and with the potentialdoe se
environmental effects.” Because of this, “.. plans for responding to hamardo
material incidents should be prepared in advance. To respond safelyestigedif
appropriate equipment should be available, personnel should beltraimteneces
sary resources should be readily available. Advance plans sietdgiewed, tested
and kept current.”

ISOLATION OF HAZARDS

When involved in the planning stages of an industry, it is important to plan for the
control or protection of hazardous materials. These hazardous materials should b
isolated from other areas such as power supplies, storage areas, or emetitency e
of the plant. The planner must determine if the hazardous material, regardless of
whether it is to be stored or used for processing, can be locatedpemarea away
from the worksite, or if it can be placed in a detached structure (Meidl, 1978). Cos
is an important factor in any decision made. Purchasing land for adtisimma
age or processing could be quite costly for an enterprise. Additionaiusalucosts
for storage or processing will also be a factor. For the more volatile and dangerous
operations, however, the need for greater re safety will frequently be settiff
factor to economic considerations. Also, the laws and codes efatiffcities and
states may require certain speci cations.

Where space is limited, enclosures that physically separate the hazard from other
areas should be provided. The enclosure must be of a suf cient re resistdimge r
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to separate or con ne the re in case of ignition. In order to determine the re resis
tance needed for walls or other structures, it is necessary to know the amount of
combustible or ammable material within an area. This is knasmre loading.

In Class A materials, measurements are determined by obtaining the totdalameig
dividing by the area to obtain an average in pounds per squaresfjoMpst Class

A materials have heats of combustion from 7000 to 9000 BTU/Ib, while ammable
liquids have approximately twice that amount. The British have conductesitier

able research over the years on re loading. They have developed threeatiassi

low, moderate, and high. The design of structures can be related to the calorit conte
of materials stored within. By using this system, the severity of the re camgklyo
determined. The re resistance ratings as listed by Planer (1979) are:

Low Fire Loading—Not exceeding 100,000 BTU#ft1-hour re resistance.

This classi cation will generally apply to schools, of ces, hotels, andtmos
areas of hospitals.

Moderate Fire Loading-Between 100,000 and not exceeding 200,000 BT,U/ft
2-hour re resistance. This category will encompass most industriat occu
pancies such as machine shops and assembly areas. The assembly area is
where a collection of parts are assembled into a complete product, ready
for shipping.

High Fire Loading—Exceeding 200,000 BTUAtbut not in excess of 400,000
BTU/ft?2, 3-hour re resistance. Generally, this classi cation will cover
warehousing of various products.

There is also a special class for those occupancies havingddadaxcess of
400,000 BTU/ft. Flammable liquids will most likely tinto this particular classi @a.

As stated earlier, the economics of re-resistive walls can be quite pieaibit
As a consequence, more reliance is placed upon protective systemsniitiete
automatic extinguishment systems. When addressing the subject ofuezslts
con ne ammable liquid hazards, consideration must be given to opeiings
walls or re barriers which could allow the substance to escape from the emclosur
to the surrounding area. Several measures can be taken to prevent the estape. Firs
regular maintenance can be conducted on the area to repair or replace any holes,
cracks, and so on, that may appear. Drainage trenches across algspamralso
be considered. The safe handling of ammable liquids also needs to be cedside
Liquids must be con ned whenever possible. There are various sizes and shapes o
safety containers, and these are used. The use of “special devices” when loading o
unloading tank cars so that a “closed system” is maintained is also recommended
(Factory Mutual Engineering Corp., 1967).

It is, of course, desirable to isolate hazards and con ne abienkiquid spills
to the hazard area. The safest method of handling ammable liquids is by-enclos
ing piping systems properly so that in case of physical damage to the piping which
causes leakage, the liquid will not continue to ow either by gravity, by a pressur
izing agent, or siphoning. Pumps properly designed provide a safefsbygdvent
siphoning when not in operation. Table 4.4 provides the NFPAs classircatio
ammable and combustible liquids.
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TABLE 4.4
Classi cation of Flammable and Combustible Liquids (NFPA-30)
Class | Flammable Liquids—Flash point below 100°F (37.8°C)

Volatile Class | Flammable Liquids
Class IA Most hazardous, having ash points below 73°F (22.8°C) with boiling points below 100°F
(37.8°C)
Class IB Same ash point range but with boiling points at or above 100°F (37.8°C)
Class IC Flash points between 73°F (22.8°C) and below 100°F (37.8°C)
Class Il Combustible Liquids—Flash points at or above 100°F (37.8°C) and below 140°F (60°C)
Class IlI Liquids are included in the combustible liquid classi cation and are further classi ed
Class IlIA  Flash point between 140 and 200°F (60-93.4°C)
Class llIB  Flash point 200°F (93.4°C) or above

Emergency shutdown systems also have to be considered. These shou&d includ
designing for both human and mechanical failure. When using positivecdispat
pumps, a relief valve of adequate capacity must be used to prevent sserize
ing the piping. When pumps are handling ammable liquids, they must be located
outdoors away from main buildings unless designed for indoor use. If thig is n
possible, they could also be located in a separate pump house or cutoff room. These
areas must be constructed of noncombustible materials.

The material used for the actual piping must be resistant to the corrosive proper
ties of the liquid handled. Also, gaskets, anges, and joint compounds$dsheu
selected with care to avoid weak points in the piping and pump system.

In addition, the location of the piping system is important. It should not be located
in main building areas. Pipes can be run outside either undeidjor along the side
of the building. If the piping system is installed inside a building, vitalsineust be
covered with sprinkler systems and cutoff valves should be located in arceasy a
area away from the vital areas.

When storing large amounts of ammable liquids, special care is needed decaus
of the potential of large losses. The tanks should be located away from main areas,
should be easily accessible, and should be properly ventilated in ato®nddh
nationally recognized standards.

Storage tanks are usually constructed of steel. Other materials can be used
depending on local codes or if the liquid is a corrosive element to the steel. The tanks
should be of noncombustible construction when used above ground andrctmfor
nationally recognized standards.

Tanks are classi ed according to pressure, either atmospheric, low-heprieigsure
vessels. The design of horizontal tank supports should be such that it wili oot ti
collapse under re conditions. Firm foundations are necessary.

Outside storage tanks should be located away from property lines or other impor
tant buildings.NFPA 30lists these minimum distances. In some cases, however,
additional space should be required.

In above ground tank farms, the tanks should be located on ground that drains
away from important buildings. If possible, a slope of not less than 1% awaylie
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tank toward the drainage system should be provided. In lieu of drainage trenches for
protection, a dike could be constructed around the tank. Dikes can be madh,of ear
steel, concrete, or any material that will resist the penetrating msoge nature of

the liquid. Heights of the dike should be restricted to an agenaght of six feet
above the interior grade to prevent entrapment of personnel.

All tanks should allow for ventilation as well as equalization of the pressure
changes created by variations in temperature. How much venting is neededssdepe
upon lling and emptying pumping rates. Speci ¢ requirements can be found in
the American Petroleum Institute’s Venting Atmospheric and Low-Pre&torage
Tanks(Standard 2000).

The more volatile ammable liquids require venting devicesiclv are normally
closed except when tanks are under vacuum and pressure. In Class | liquids, the
venting devices should be provided with ame arresters except when catidans
crystallization, or freezing make the use of ame arresters impractical. Thega
of the ame arresters is to prevent ashbacks of re to tanks where the vapor mixture
may be in the explosive range.

There should also be provisions for emergency relief ventihg.t@ink can be
constructed with a weak seam on the top to allow for venting. For calculation of
adequate emergency relief venting, chRgiPA 30

Perhaps the safest way of handling ammable liquids is the outside stor&ge tan
Good judgment must be used in the location of these tanks.

Because they are dif cult to ventilate, tanks should not be lodatéde build
ings. If there were ever an explosion or re in one, it could destroy the buildthg an
perhaps cause other tanks to catch re.

As stated earlier, the safest way to handle ammable liquids is with an esclose
piping system. However, this is not always possible or fleb&Vhen liquids are
stored in drums or other types of portable tanks, the preference is to store them in
separate building at least 50 feet away.

When storing containers of a 30-gallon or more capad¢fpA 30recommenda
tions should be evaluated. When dispensing the liquid from a drum or portagle ta
approved pumps or a self-closing faucet should be used.

When storing several drums or portable tanks indoors, the need for exjpésd
building design should be considered. This prevents a second enpfosie see
tion or drum explodes. It should also be kept in mind that tanks or vessels used
for processing should be provided with re-resistive or protected sigpports.
Otherwise an exposure re of suf cient duration could cause the ®@lag the
tanks or vessels.

IGNITION SOURCES

Ignition is a means of either an intentional or unintentional source that sdoid

the initiation of self-sustained combustion. Limitations must be set on & typ
ignition. There are many different ignition sources. Some sources tibigimclude
heated surfaces, open ames, smoking, frictional heat, static, radiant heatittand ¢
ting and welding that is a heat-producing actiNfFPA Fire Codes1995). There
are basically four categories consisting of electrical, chemimathanical, and
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nuclear sources of ignition. Electrical ignition sourceskased on resistance, static
electricity, arcing, sparking, and lightning. The chemical procesgnifian can

be categorized into combustion, spontaneous heating solution, andpasdan.
Generally, chemical ignition is when something is burning; this is cedietbustion

and it is generated by heat. Mechanical ignition sources occur in two waysnfrict
and compression. The friction process is generated when the action of tveesurfa

in motion creates a heat buildup and eventually the heat produces sparks that ignite
combustibles that are close by. The last of the four categories, nuclear, ocaurs whe
the heat is generated by ssion (atoms are split apart) or fusion (joined) of more than
one nuclei. During nuclear explosions, the high pressure is created bygthguan

tities of heat produced by ssion and fusion.

FLASH POINT AND IGNITION POINTS

Flash point is the temperature at which a ammable liquid prodecesgh vapors
to be ignited in the presence of air. This is the most signi cant property of all. The
ash point determines the ammaubility of a liquid more than any other singterfa
The reason ash point is so important is that ammable liquidsnateordinarily
ammable; it is the vapors they produce that ignite or explode. NFPA de nes ash
point as “the lowest temperature of the liquid at which it gives off vapor suf cien
to form an ignitable mixture with the air near the surface of the liquid or within the
vessel used.” The liquid will not support continuous combustion until ifgeeature
has reached the re point. The re pointis usually a few degrees higher than the ash
point. Since some liquids can generate explosive vapors at theaast, both points
are important to the re ghter.

In summary, if the temperature is high enough, every ammable liquid wil pro
duce vapors within the ammable range. If an ignition source of suf cieehisity
is present, the vapors will ignite or explode. Methods used to combat the hazards of
ammable liquids must be based upon the answers to the following questions:

1. What is the ash point of the liquid?

2. Is the liquid or vapor soluble in water?

3. What is this liquid’s speci ¢ gravity?

4. What is the vapor density of this vapor or gas?
5. Where are the ignition sources located?

Liquids with ash points at or below ambient temperature are easy to ignite, an
burn rapidly. Liquids with ash points above ambient temperatures lesgedf a
risk based on the fact that they must be heated in order to ignite.délias deter
minations give rise to hazard classi cation systems, the most severe hazayd bein
afforded to those liquids with the lowest ash points.

IGNITION TEMPERATURES

Ignition is the process by which self-sustaining combustion is initiatddai -
mable liquids, solids, and gases have an ignition temperature. NFPAsdhis as
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“the minimum temperature required to initiate or cause self-sustained dwnbus
independently of the heating or heating element.” (In other words, anything am
mable will burn at a certain temperature without an additional ignitiorcegurhis
differs from the ash point in that the ash point only tells us when suf cient vapors
will be present to burn. They still require a source of ignition.

Considering rst a ammable gas or vapor-air mixture, piloted ignit@an be
achieved by the introduction of an ignition source, such as a ame or sparkvétpwe
if the temperature of the mixture is raised suf ciently, the mnigtwill undergo auto
ignition, in which the onset of combustion is spontaneous.

STATIC ELECTRICITY

In some cases grounding may help prevent surface charges. All equipmeint-conta
ing Class | ammable liquids should be electrically grounded. This idcodatly
necessary at points where the liquid is transferred from one containerheranot

There are other ways to dissipate static charges. One method used in hospital
operating rooms is humidi cation. This is by no means foolproof.

lonization is another method used. This method is used on nonconducting objects
such as rubber or leather conveyor belts, or on paper or cloth in coating ogeration

GASES

Flammable gases have many of the properties, as well as problems, of ammabl
liquids. Fire ghters know that burning gases under pressure must not, aimge
circumstances, be extinguished unless it is possible to control the gas ow

Many types of gases are shipped in a liqgue ed form under low temperanhdes a
higher pressure. With higher temperatures or a release of pressure, tlegl lgase
will return to its gaseous state. Also, gases stored in this sealed, liquatedvit
occupy a smaller volume of space. In the instance of lique ed natural gas, itsevolu
would be 600 times greater in its natural form.

VaPor DENSITY

This can be de ned as the relative weight of the vapors of a liquid as compared with
air. This property is an important factor to consider when designing datienti
system to remove hazardous vapors from a work space. All ammable liquies hav
vapor densities that are greater than one. This means that the vapors willwettle lo
and may travel along oors and accumulate in pits and trenches. Therefore, to be
effective, the ventilation systems must be designed to remove heaviaaithapors.

LiQueriED PETROLEUMGAS (LPG)

Liqui ed petroleum gases are derived from oil re nery gas. It is compobedrtain

speci ¢ hydrocarbons which can be lique ed under moderate pressure atlnorma
temperatures but which are gaseous under normal atmospheric condgras (|
and Carlson, 1980).
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LPG is liquid under pressure, but vaporizes upon the release of pressGre. LP
is stored and transported as liquid and is stored and handled with the use of lower
temperatures and higher pressures. LPG is stored in pressure vesselIUeES in
propane, butane, propylene, and butylene.

Propane has a very high vapor pressure, which at 70°F is 124 psi and at 100°F
is 192 psi. It can be stored under pressure without refrigeration or with odrmo
ate refrigeration. Propane lique es at —44°F and supplies 2% of the'saieergy.
Propane is a ammable, compressed gas that is also the most commonly used LPG
in the industry today. Class B- and C-rated extinguishers can be used to control or
extinguish this type of re.

Butane has a lower vapor pressure than propane. It has a vapor pressure at 70°F
which is 31 psi and at 100°F is 59 psi. Butane lique es at —31°F and is the second
most commonly used LPG today. Class B- and C-rated extingsisheralso be
used to control or extinguish this type of re.

LPG is pressure-stored at 10°F and warmer. A single-wall tank is require@ for us
when storing LPG at this particular temperature. Temperatures coldeiGttamay
require a double-wall tank. Storage containers for LPG Aaapacity in the range
of less than 125 gallons to 90,000 gallons and should meet design requsrefment
the American Society of Mechanical Engineers (ASME). Eighty- ve perddr® G
is stored under pressure in underground salt domes of mined caverns. LPG can also
be stored in bottle-type gas system containers, construction of whapipiioved by
the Department of Transportation (DOT).

Regulators or pressure-reducing valves are used to control distniltytiutiliz
ing pressure. They should be located as close to a container ddepasdi should
be installed inside buildings.

The excess ow valve has a pressure differential that is produced by an ettreas
ow through the valves. This valve is a spring-loaded type, with a small bleed
hole to permit pressure equalization. Excess ow valves are designeadst atl
150-200% of a normal ow. They must be installed in the correct posiictose
with the direction of ow and should be tested at ve-year frequencies forgprop
closing action.

Back pressure check valves should be provided on Il connections. They are a
spring-loaded-type valve or weight-loaded-type valve with an m4iming action,
which is designed to close when ow is either stopped or reversed.

Some safety relief valves are also spring-loaded types, which are sdbject
clogging. To prevent this, a safety relief valve with a three-way valve tisllat
beneath two safety relief valves, permitting one valve to be open at all tinobs. Ea
safety relief valve must be plainly and permanently marked as requiieeR 58:

Lique ed Petroleum Gas Cod@ational Fire Codes, 1998).

Department of Transportation (DOT) cylinders are gas-type, bottledinens
that have a fusible plug. These cylinders are also spring-loaded types.

Vaporizers are needed for LPG having a low vapor pressure such as butane. They
should be located outside or in nhoncombustible vaporizer houses. Ifstet
types of vaporizers should be located a minimum of 20 feet from openings in walls
of buildings.
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Direct- red vaporizers should be located a minimum of 50 feet from openings i
walls of buildings. They should also be a minimum of 75 feet from storage container
relief valves. The National Fire Protection Association regguihat direct- re-type
vaporizers be a minimum of 10 feet from a container, 15 feet from contaireff shu
valves, 20 feet from point of transfer, and 25 feet from the nearest building.

ACETYLENE

Acetylene is used extensively as a raw material in the chemical industry. It is also
used in welding and cutting. Acetylene is colorless and odorless and has-an ig
tion temperature of 571°F. The explosive range of acetylene is 2.5-100%vena gi
volume of air (Planer, 1979).

Acetylene generators are sometimes found in industry. Generally, these gen
erators are ofcarbide-to-wateror water-to-carbidetypes. For safety reasons,
carbide-to-water-type generators are generally used. In the event of derecet
resulting from wet calcium carbide, extinguishment is recommended by using d
powder or carbon dioxide extinguishers. No water or water-based foams are to be
used in such situations.

The sensitivity of acetylene to explosion is resolved in cylinders byldisg
compressed acetylene with a special porous ller. Acetylene cyBndéren used,
must be properly marked and shall be legibly marked with the name of the gas in
accordance with ANSI 248.B{andard Method of Marking Portable Compressed
Gas Containers, NFPA 512313They should be stored and secured in an upright
position. Cylinder valves should be closed on empty cylinders whilerags or
shipment. Acetylene cylinders should be kept at least 20 feet from comdustibl
materials, and caps to protect valves should be used while not in serviagivBefe
cylinders should be removed from service. Warning signs shouldibedpin areas
where acetylene is used, and proper re ghting equipment should always be con
spicuous and readily available (NIOSH, 1976).

OXYGEN

Oxygen is colorless and odorless. Although non ammable, oxygen ispoitap

of combustion to such an extent that certain materials, such as oils and other com
bustible lubricants, may ignite explosively at ordinary temperatures in ¢senme

of pure oxygen. Materials thought to be only slightly combustible will buterin

sively in oxygen. The use of oxygen and other fuel gases such as acetylene, natural
gas, lique ed petroleum gas, hydrogen, and methylacetylenagieme (MAPP) is
common during welding and cutting operations. To a lesser degreey¢heyeal in

heat treating and other processing.

The National Fire Protection Association has developed what is knewn a
Standard 51: Oxygen-Fuel Gas Systems for Welding and Cu@i8glA also
requires compliance to the mandatory section of the standard.

NFPA Standard 5ldeals exclusively with oxygen-fuel systems. It prescribes
procedures and designates safe handling, usage, and maintenance offumlygen-
systems. Among the topics discussed are the following:
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1. Limiting the amount of fuel available when handling or storing oxygen.

2. Proper storage of fuels, including special features of storage areas.

3. Types of equipment to be used in oxygen-fuel systems.

4. Protective equipment and special safety features of requipused with
oxygen-fuel systems.

MONTHLY SAFETYINSPECTIONREPORTFOR COMPRESSENGAS CYLINDERS

1. Are compressed gas cylinders free of dents, cuts, and damaged valve
cover threads?

2. Are compressed gas cylinders legibly marked to clearly identifctihrgents?

3. Are compressed gas cylinders stored in areas that are protectedt&gmm ex
nal heat sources such as open ames, intense radiant heat, electrical arcs, or
high-temperature surfaces?

4. Are compressed gas cylinders located or stored in areas where they will not
be struck by passing traf c or falling objects?

5. Are compressed gas cylinders protected against corrosion duestarmoi
and chemical contact?

6. Are compressed gas cylinders effectively secured in thghtygsosition
during storage and use?

7. Are compressed gas cylinder valves closed before the cgiademoved,
when the cylinders are empty, and upon completion of each job?

8. Are compressed gas cylinder valve protectors always placed onithe cyl
ders when the cylinders are not in use or connected?

9. Are compressed gas cylinders transported in a manner to prevengcaeat
hazard by tripping, falling, or rolling?

10. Are compressed gas cylinders of oxygen and fuel stored at least 25 fee
apart or separated by a ¥2-hour-rated re wall at least 5 feet in height?

THE USE OF CHEMICALS

The chemical re problem affects a wide range of activities, including the use, pr
cessing, production, handling, storage, transportation, andsdispb hazardous
materials. Unfortunately, there is no single publication or series of publisatiat
could answer every conceivable question about dangerous chemicals. jEoecfub
chemicals is so wide and vast that it requires special in-depth treatment.

More than 3000 chemicals have been classi ed as dangerous in one respect or
another, so it would be impractical to attempt to learn the properties of eveal seve
hundred of the most hazardous chemicals. One approach to the problem might be
to learn what the dangers are and then determine what group of chemicals has been
included in the various classes of hazards. This is not as easy as it appears. Some
chemicals may have more than one hazard, all of which can be equally dangerous.
A chemical may be more dangerous in one state than in another. As an example,
powdered aluminum is more hazardous when damp than when it is either completely
wet or dry. There are many ways to group chemicals. The following arrangement has
been chosen for this chapter.
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TABLE 4.5

Classes of Oxidizing Materials

Hazardous Class De nition Examples
Oxidizer A substance that yields @adily to stimulate the Silver nitrate

combustion of organic matter.

Organic Peroxide An organic derivative of the inorganic compound, hydrogenLauroyl peroxide
peroxide.

Oxygen An odorless, colorless, gaseous chemical element that Oxygen
supports combustion. At low temperatures the gas lique es.

ComBusTIBLE CHEMICALS

This group comprises those chemicals, which are not dangerdwezardous to

health from the standpoint of being violently reactive or explosive. ThHegwrn and

yet are more hazardous than charcoal but less hazardous than nitro methane; more
hazardous than compressed air, but less hazardous than vinyl chlorideis@ibie
chemicals include a wide variety of substances, which, in addition to cahbiliiyst

are also susceptible to spontaneous ignition (e.g., charcoal and linkeed oi

OxipiziNg CHEMICALS

The oxidizing chemicals are those solids, such as sodium nitrate, whiclifinteas
combustion of other materials but are not as hazardous as other ammable ssbstance
often classi ed as oxidizing materials. Liquid chemicals includethis group are

those such as nitric acid, which can cause ignition of combustible mateutzdseb

not as hazardous as perchloric acid and other unstable chemicals. This group also
includes gases such as nitrous oxide, which support comhustipare not as reac

tive as ozone. Table 4.5 presents the classes of oxidizing materials.

AIR-REACTIVEAND WATER REACTIVECHEMICALS

These chemicals may heat spontaneously, ignite, yield toxic or ammable gases, o
react violently when exposed to air or water. Included are chemicals such aesarbid
and phosphides.

UNSTABLECHEMICALS

These chemicals (such as acetaldehyde, nitromethane, and others) areolikely t
decompose or polymerize violently when in an unstable condition, or whalaadv
in a re. A major hazard connected with these chemicals is the possibility that their
containers may rupture and explode.

Another chemical, hydrogen cyanide, is both ammable and poisonous, and the
liquid can polymerize explosively. The ash point is 0°F, and the explosivgeran
is from 5.6 to 40%. Styrene polymerization reaction increases as the tamperat
increases and eventually the reaction can become very violent unless fitoexbn
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TABLE 4.6

Classes of Explosives

Hazardous Class De nition Examples
Explosive Any chemical compound, mixture, or device, the purpose of

which is to function by explosion, that is, with substantial
instantaneous release of gas or heat.

Class A A detonating or otherwise maximum hazard. Black powder,
dynamite,
blasting caps

Class B Function by rapid combustion rather than detonation. Special reworks,
ash powders

Class C Materials that do not ordinarily detonate in restricted Flares, small arms

quantities—minimum explosion hazard.

EXPLOSIVES AND BLASTING AGENTS

This group includes those chemicals intended to be used as explosivesngnclud
blasting agents. Examples are dynamite or smokeless powder. An axphisis
place with a sudden release of a large amount of energy in a destructive.manner
No attempt should be made to ght a re that cannot be contained or controlled
before it reaches explosive materials. Table 4.6 contains a listing obmeptlasses.
Today, re and explosion incidents are a real concern to the owners and operato
of petro-chemical re neries, offshore facilities, and gas procgssinjects. In an
industrial setting, res and explosions can pose a number of hazards for the ente
prise, the employees, and the people in the surrounding cotmsunihich can end
up with many different types of problems. Most of the monetary losses are due to
res and explosions in the re nery industry. According to theistas, 65—70% of
res and explosions take place in containers. Most of these incidentsaged on
mechanical problems and operator errors. The ammable materials discadsad e
may result from such things as ash res, reballs, ares, and so forth, by vapo
cloud explosions. In addition, soot particles and hazardous chemicals us&yaca
health problem due to inhalation and eye irritation caused by smoke.
The manufacture, transportation, and possession of explosive nsai@réa
closely regulated by local, state, and federal laws. Anyone conductingeeatiop
or activity requiring the use of explosive materials should review appicaglla
tions before obtaining the proper permit from the state marshal’s of ceratid
U.S. Department of Transportation. When no legal restriction governs tlagesto
of explosives, the recommendations of the Institute of Makers of Explotivakls
be adhered to. These specify quantities of explosives that may be storgdtafel
various distances from inhabited buildings, passenger railwagispaviic high
ways, as developed by the Institute of Makers of ExplosNE®A 495: Explosive
Materials Codg
Blasting agents should be stored, transported, and used in the same manner as
other explosive materials. Blasting agents consist of an oxidizedmith fuel and
are manufactured so that the nal product is relatively insensitive. Becaidszeox
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TABLE 4.7

Classes of Corrosives and Poisons

Hazardous Class De nition Examples
Corrosive A liquid or solid that causes visible destruction or Sulfuric acid,

irreversible alterations in human skin tissue, or liquid that nitric acid
has a severe corrosion rate on steel.

Poison A Poisonous gases or liquids—a small amount of the gas orBromacetone,
vapor of the liquid mixed with air is dangerous to life. cyanogen

Poison B Poisonous liquid or solid, which is known to be toxic to Potassium arsenate
humans, so as to afford a hazard to health during
transportation.

Irritating A solid or liquid substance which upon contact with air or Bromide, tear gas

when exposed to air gives off dangerous or intensely candle
irritating fumes.
Chlorine A greenish yellow gas, which is an element. Chlorine

are sensitive to heat, impact, friction, and impurities, they should begsed and
stored in accordance with the manufacturer's recommendations.

CORROSIVES

There are a great many chemicals that will produce serious burns whenrtiein
contact with the skin; some are liquids and others are solids. Some corrasde lig
will react violently with water, while others are combustible liquids suchcetic
acid. This acid also gives off vapors that can cause nose, throat, and eye irritation.
The classes of corrosives and poisons is shown in Table 4.7.

A corrosive material is a liquid or solid that causes visible destruction eeiisre
ible changes in human skin tissue at the site of contact, or a liquid that has a severe
corrosion rate on steel and aluminum. This falls undemMNdRBA 471 (Class 8):
Recommended Practice for Responding to Hazardous Matenaldehts An
example of Class 8 materials includes nitric acid, phosphorous trivdl@ulfuric
acid, and sodium hydroxide.

TOXIC CHEMICALS

Many toxic chemicals, such as carbon tetrachloride, have severe nexaloffgicts

when inhaled. Some, such as cresol and methyl bromide are also toxic through skin
absorption. Toxic solutions may be formed when water soluble poisons such as
uorides and cyanide react with water during re ghting operations whemnagfe
containers made of berboard are weakened by soaking in water. Some gases and
vapors, such as chloropicrin (vapor) and diazomethane (gas), whidglayegotent

toxins, are immediately dangerous to life and health at very low concerdriatiain.

The Environmental Protection Agency (EPA) uses the texit chemicalfor

chemicals whose total emissions or releases must be reported annually by owne
and operators of certain facilities and those who manufacture, processerwise
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use a listed toxic chemical. Based on a variety of environmental laws mandated by
Congress, the U.S. EPA has developed a variety of regulations and polinigteto i
ment congressional intent. The list of toxic chemicals is identi ed ile Til of the
Superfund Amendments and Reauthorization Act (SARA).

HALOGENS AND HALOGENATED HYDROCARBONS

The ordinary halogens are four chemical elements: uorine, chlorine, beomin
and iodine. The introduction of a halogen into an organic compound is called
halogenation With metals, the halogens form compounds cdilelies Fluorine

leaks can cause spontaneous ignition of most materials, while chlorine légaks no
only create a poisonous gas hazard but can also corrode unprotected metals as well.

It should be noted that halons remain in the atmosphere for a very long time.
The “atmospheric life” of halons 1211, 1301, and 2402 is 300 years. As these com
pounds reach the stratosphere (15-50 km above the earth), they release ahtbrin
bromine. These elements deplete the ozone layer as CFCs do, by combining with
one atom of oxygen from ozonejObreaking the ozone apart. Ozone screens out
ultraviolet radiation. The “hole” in the ozone layer allows UV radiation tohr¢he
surface of the Earth. Prolonged UV exposure results in melanomas, catamnacts
immune system failure in addition to alteration of aquatic and terdestoaystems.

As a result of these potential risks, in 1987, the United States was one of 24
nations to sign the Montreal Protocol on Substances that Depée@zbne Layer.

The document called for production and consumption of halons 1211, 13040éhd 2

to be frozen at 1986 levels. Production and consumption were to be cut in half by
1998. Beginning in 1990—and at least every four years thereafter—on thebasi

the latest scienti ¢, technical, and economic information, as the evidéruzioe
damage accumulated, new chemicals could be added or dropped, additional uses
could be banned, and the phaseout schedules tightened accordingly. Intéte Uni
States, the EPA has enacted additional rules regulating the production, daghan

and depositing of halons. In 1989, the Omnibus Budget Reconciliation Aeasext

the federal excise tax on halons.

In 1992, NASA concluded that “the rate of destruction to stratospheric ozone may
be greater than seriously believed.” President George Bush called for thieteomp
phaseout of halons by December 31, 1995. EPA published a list of prohitbited su
stances and acceptable alternatives, making it unlawful to replace hitlorssibv
stitutes that may present adverse effects to human health or the environnreabhwhe
alternative has been identi ed and is currently or potentially availdtzt reduces
the overall risks to human health and the environment.

Halons and halon alternatives are discussed in greater detail in Chapter 7.

RADIOACTIVE CHEMICALS

Radioactive chemicals include both naturally occurring chemicals, suchiasrad

and radioactive isotopes produced from such elements as cobalt. A samaityqof

these chemicals creates a signi cant danger not only of radiation, but in some cases
explosions. Classes of radioactive materials are listed in Table 4.8.
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TABLE 4.8

Classes of Radioactive Materials

Hazardous Class De nition Examples
Radioactive | Packages that may be transportedPackage containing any radioactive

in unlimited numbers and in any  material-measurement of 0.5 millirem or
arrangement, and which require  less per hour at each point on the external

no nuclear criticality safety surface of the transportation package.
controls during transportation.
Radioactive Il Packages that may be transportedPackage containing any radioactive material

together in any arrangment, but in measuring more than 0.5, but not more
numbers which do not exceed a  than 50 millirems per hour, and not
transport index of 50; no nuclear  exceeding 1.0 millirem per hour at 3 feet.
criticality safety control by the
shipper during transportation.

Radioactive IlI Shipments of packages that do notPackage containing any radioactive
meet the requirements of Class | materials which (1) measures more than
or Il and which are controlled to 50 millirems per hour at each point or
provide nuclear criticality safety ~ exceeds 1.0 millirems per hour at 3 feet
in transportation. on external surface; (2) contains a large

quantity as de ned by DOT.

DETERMINATION OF HAZARDS

In addition to knowing the chemical properties of materials, a determination of the
re and explosion hazard involves an extensive knowledge of:

1. The nature of raw materials and how these materials are combined (any
chemical processing involved, including such operations as oxidation,
hydrogenation, nitration, etc.).

2. The physical operations involved, known as unit operations, whialdécl
Itration, distillation, and so forth.

3. The ability of operating personnel to avoid errors, which can lead teeunsaf
conditions and their ability to affect a safe shutdown when unsafe sitiation
occur (the human element of training and experience).

4. The actual physical plant layout, including site, climatic factois paotee
tion features.

Table 4.9 summarizes the potential hazards and emergency respons factio
explosions and/or res involving hazardous materials.

A very real problem today in the chemical, petroleum, and petro-chemicad indus
try where pressures and temperatures are used with highly volatile and -amma
ble liquids is the occurrence of BLEVES. This refers to boiling liquid-edipan
vapor explosions. Mainly, this is a large release of energy under exptosiditions
(Isman and Carlson, 1980).
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TABLE 4.9

Potential Hazards and Emergency Action for Hazardous Materials

Explosive Class “C” and “B”

Potential
Fire or Explosion—May burn rapidly. Single

Potential
Fire or Explosion—Container may explode in heat

containers may explode, without causing mass of re; mixtures with fuel may explode;

explosion
Emergency Action

materials may ignite in oxygen vapor
Emergency Action

Fire—Extinguish by conventional methods (water)Fire—Small res Dry chemical or CQ

Large res: Foam or water

Explosive Class “A” Oxidizer

Potential

Fire or Explosion—May explode from heat,
ame, or shock

Emergency Action

Potential

Fire—May ignite combustibles (wood, paper,
etc.); reaction with fuels may be violent
Emergency Action

Fire—Extinguish by conventional methods; cannofire—Small res Dry chemical or CQ

be properly handled from maximum distance

Non ammable Gas
Potential

Large res: Water spray or fog

Oxidizer (Corrosive, Self-Reactive,
or Thermally Unstable)

Fire or Explosion—Container may explode in heaFire—Small res Dry chemical or CQ

or re

Emergency Action

Fire—Small res Dry chemical or CQ
Large res: Foam or water

Flammable Gas
Potential
Fire or Explosion—May be ignited by heat,

Large res: Flood with water
Poison, Radioactive Corrosive
Fire—Small res Dry chemical or CQ

Large res: Foam or water

Pyrophoric Liquids
Potential
Fire—May ignite itself if exposed to air, ames;

sparks; ammable vapors may spread away from may reignite after re is extinguished; may burn

spill; containers may explode in heat or re
Emergency Action
Fire—Small res Dry chemical or CQ

Large res: Water spray or fog

Combustible or Flammable Liquid
Potential
Fire or Explosion—May be ignited by heat,
sparks, ames; ammable vapors may spread
away from spill
Emergency Action
Fire—Small res Dry chemical or CQ
Large res: Water spray or fog

rapidly with are-burning effect
Emergency Action
Fire—Small res Dry chemical or CQ
Large res: Flood with water

Flammable Solid
Potential
Fire—May be ignited by heat, sparks, ames;
may burn rapidly with are-burning effect

Emergency Action
Fire—Small res Dry chemical or CQ
Large res: Foam or water
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TABLE 4.9 Continued)
Potential Hazards and Emergency Action for Hazardous Materials

Combustible or Flammable Liquid Poison,

Self-Reactive or Water-Reactive Flammable Solid
Potential Potential
Fire or Explosion—May be ignited by heat, Fire—May ignite itself if exposed to air; contact
sparks, ames with water produces ammable gas; may burn
rapidly with are-burning effect
Emergency Action Emergency Action
Fire—Small res Dry chemical or CQ Fire—Do Not Use WateSmall res Dry chemical
Large res: Dry chemical or CO,

MINE SAFETY AND HEALTH ADMINISTRATION (MSHA)

Fire protection under Subpart L has established minimum requiremehtstgpe,
quality, and quantity of suitable re ghting equipment that is adaptedHersize

and conditions of an operating mine. Water lines shall be capable of dgiverin
50 gallons of water a minute at a nozzle pressure of 50 pounds per square inch.
A portable water car shall be of at least 1000 gallons capacity and capable of provid
ing a ow through the hose of 50 gallons of water per minute at a nozzle pressure of
50 pounds per square inch.

Each working section of coal mines producing 300 tons or more per shift shall
be provided with two portable re extinguishers and 240 pounds of rock dust in
bags or other suitable containers. All re ghting equipment shall be miaietkin
a usable and operative condition. Also, chemical extinguishers shall lectedp
every six months and the date of the inspection should be written on a permanent
attached tag attached to the extinguisher.

OTHERAREASOF SUBPART L—FRE PROTECTION

» Deluge-type water spray systems

e Water sprinkler systems; arrangement of sprinklers

e Dry powder chemical systems

* Automatic re systems

e Automatic re warning devices

e Approved conveyor belts

e Guards and handrails; requirements where re suppression devices are
employed

There are statutory provisions that operators of coal mines shall have in a re
proof repository located in the area on the surface of the mine and selected by the
mine operator to minimize the destruction by re.
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COMBUSTIBLE DUST

One of the hazards in the workplace is dust. Dust can be formed from a wide range
of sources such as in the construction industry or from machinery in metal. plant

A combustible particulate that presents a re or de agration hazard when sespend

in the air or by some other oxidizing medium over a large range of concentrations,
regardless of particles size or shape, is an area that we must be familiar with at all
times. Some types of dust, such as asbestos and silica, might cause permanent scar
ring in the individual's lungs. This is better knownla®sis. Dust from asbestos can
cause cancer. Some of the ner dust particles, which can enter deep into the lungs are
de ned asrespirable dustlt is important for all sources of ignition to be removed

and kept away from these areas (welding, slipping of belts, and staticcaigctll

electric equipment in the various locations should i ignition proof rated

Training and safety procedures are key elements to control the hazards of dust.
There should be standardized working procedures, warning signs, ahti@oe
keeping procedures discussed in your safety meetings. Alsmvepprespirators
that t properly and the training on how to use these respirators with spot-checks by
maintenance personnel should be implemented. In order to protect the hdalth an
safety of workers, exposure measurements should be carried out by represent
samples of actual worker exposure.

A new National Combustible Dust Program was reissued by OSHA to increase
activities and to focus on speci ¢ industry groups that have experiendea &t
quent combustible dust incidents or combustible dust incidents with optaistr
consequences. OSHA initated its previous Combustible Dust National Eisipha
Program on October 18, 2007. As a result of a recent catasteauiient involving
a combustible dust explosion at a sugar re nery, OSHA decided to intensifguts f
on this hazard.

Combustible dusts are often either made up of organic or metal dusts that are
nely ground into very small particles, bers, chips, chunks, or a smaktuné
of each one. Other types of dust include magnesium, aluminum, wood, plastic,
biosolids, organic dust such as sugar, paper, soap, dried blood, axd tExtiles.
Combustible dusts found in grain handling are covered®¢FR 1910. 272f a
workplace is not covered by ti2® CFR but where combustible dust hazards exist
within dust control systems or other containers, citations may geneealgsibed
for de agration, other re, or explosion hazards. The NFPA standards located in the
directive should be consulted to obtain evidence of hazaofynition and feasible
abatement methods.

Dust de agration, other res, and explosion hazards are covered by sevétal OS
standards and the general duty clause. Currently, OSHA is initiating the Nationa
Emphasis Program to address the de agration, other re, and explosiondhaza
associated with most combustible dusts. This was initiated relative to a maimbe
combustible dust accidents, which resulted in a number of deaths and s¢uites. in

In the scal year 2011, OSHA cited the Black Mac LLC Corp., ColekrdNew
Hampshire (OSHA Region 1), on an explosion that killed two workers who had
been manufacturing a gun powder substitute. The workers were on the jobyfor onl
one month and were feeding powder into operating equipment with no pretecti
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controls. OSHA also accused the employer of failure to implement remote-sta
procedures, isolate operating stations, establish safexciistia and erect barriers
or shielding. There were four major citations issued for failure to traim efaihe
workers involved in the manufacturing aspect of the job. This was one of GSHA
Top 10 most cited violations for 2011. The monetary penalty was $1.23 million.

NFPA (Numeerg PusLicaTions RELEVANTTO ComBusTIBLEDuUsT HAzARD CONTROLS

e 61: Standard for the Prevention of Fires and Dust Explosions in Agrieliltu
and Food Processing FacilitiesCurrent Edition 2008

e 70: National Electrical Codes-Current Edition 2008

e 484: Standard for Combustible MetaisCurrent Edition 2009

e 654:; Standard for the Prevention of Fire and Dust Explosions from the
Manufacturing, Processing, and Handling of Combustible Particulate
Solids—Current Edition 2006

e 655: Standard for Prevention of Sulfur Fires and Explosieirrent
Edition 2007

e 664: Standard for the Prevention of Fires and Explosions in Wood Pro
cessing and Woodworking FacilitiesCurrent Edition 2007

The NFPA and the U.S. Chemical Safety Board have been in a number of discus
sions to recommend and regulate combustible dust in industry and mitigafette ef
of res and explosions in the near future. Most of this came about when the Chemical
Safety Board (CSB) recommended that OSHA develop a comprehensive rggulator
standard for combustible dust, based on existing NFPA consensus standards

INSPECTIONS

Industries that may have combustible dusts hazards shall have a number ohguesti
and answers appropriate to the NFPA standards during the course of ingpection

COMBUSTIBLE SOLIDS

Many of the principal problems in re protection arise from the chemical and-phys
cal properties of combustible solids. When ordinary wood constructios,bioxic
smoke and hot gases are given off; thus, a surface cooling is required befous co
tion can be halted. If the wood is coated with paint or varnish, a differenbfype
control problem results. The problem of dust explosions must be given higitypri
because of their potential for causing extensive property damage and employee i

The only general statement that can be made about the combustion mechanism
of common combustible solids is that almost all of them must be heated by some
external means, such as a ame or an impinging spark. The procesiofheith
subsequent burning of solids may occur even in the absence of initiation by a ame
or a spark. If a solid is steadily heated by contacting (or being irradiated by) a sur
face having an elevated temperature suf ciently high to cause decoropositi
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vaporization of the combustible solid, the exposed surface of the solid mhyitseac
spontaneous ignition temperature.

An important consideration concerning the combustion cheriatits of solids
is the fact that the ease of ignition and the rate of burning of all combustible solids
is governed by their physical shape or their geometric con guraidhen a match
is applied to wood shavings, ignition will occur almost immediately; if thetmiat
applied to a 2-inch cube of wood, no ignition will take plageneafter the match is
burned to the end. An analysis of this situation reveals two factors that cbetrol t
speed of ignition and the ame propagation in solids: their heat conductivity and
the extent to which each combustible surface is surrounded by air or oxyge so th
burning can proceed.

When combustible solids are pulverized into a ne powder and are completely
surrounded by air, they form a dust, which is highly combustible. Dust expsasio
infrequent, but when they do occur, heavy property loss and even employidedatal
and injuries may be encountered. The ignition and intensity of any dussiexpi®
in uenced by or dependent upon the nature of the materials, the size and shape of the
particles, the concentration of the material in the air, ignition tempeyaase of
ignition or energy required to initiate ignition of the dust cloud, rate of presse
of the material, and the maximum pressure developed from the explosion.

Dust explosions can be prevented, or most certainly the impact lessenddreons
ably, by good engineering design, elimination or control of ignitioncgs,elimina
tion of dust accumulation by ventilation and good housekeeping, and projagr des
of the structures and equipment to withstand or relieve the force of an emplosio

COMBUSTIBLE METALS

Metals can be toxic or corrosive. No less than 20 metals are radioactive. Most metal
have another hazard that is important: they will burn. The ammable poteh8al o
different metallic elements varies as widely as would the same number of ipdraca
Perhaps the single most important condition that regulates the comtyiftal
metal is its form and shape. Some metals, dif cult to ignite in a solid massive form,
burn readily as thin sheets or shavings. As the division becomes ner and ner, the
ignition temperature of the metal lowers. As the surface area grows, so does the haz
ard. An industrial establishment that stores or creates metal powders or catsts cre
ingredients for an explosion on its premises. Some metal powders can igmite sp
taneously in air. When a material does this at ordinary temperatures, it is said to be
pyrophoric Some moist metal powders are capable of producing an explosion more
violent than one caused by TNT. Many metals will react violently with water in one
way or another no matter what their form, massive or nely granulated (Plan@y, 197
Fire ghting methods must be considered carefully when metals, particularly
metal powders, are involved. All of the common extinguishers—water, fogm, d
chemical, and some of the inert gases—may either stimulate the burning process
or cause an explosion. A great deal of thought about alternatives and conssquenc
must go into the size up and decision, especially if the re also involves other types
of combustibles, such as ammable liquids. The extinguishing agent reended
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for a ammable liquid may cause a disaster if it meets a metal powder. (For example,
certain metals react exothermically with some inert gases—such as nitrtigen

may be used in extinguishing ammable liquids. So the only @atde inert gases

for these metals are helium and argon.)

PLASTICS

The American industry is busily creating and using an enormous gfougnomade
materials that are also ammable, such as plastics. De ned in simplest tepastic

is a material that becomes moldable at least once because of cheesitaknt,
heat, or pressure, and subsequently hardens into a new shape. Whatevepireir pro
ties or form, however, most plastics fall into one of two groups—thersiaggeor
thermosets (Planer, 1979).

Thermoplastic resins can be repeatedly softened and hardened by heating and
cooling, without a chemical change taking place. Thermoplastics usuvaliy the
form of pellets or granules.

Thermoset resins, once polymerized or hardened, cannot be softened ky heatin
without causing a chemical change that would degrade the resin.

Additionally, there are two other classi cations used in descriplagtics in re
protection today. These groups involve the use of the terms low or high deithity, w
low-density plastics referring to foam or cellulosic foam. The lowsitigfioams are
of considerable concernto re protection personnel as they arg bsed extensively
throughout the construction industry primarily for insulation and al&ariiture in
the form of upholstery materials. These materials in large quantities shoulddbe use
with caution because of their ammability and low melting points. Currenarebe
is available for treating foam (polyurethane) to be re retardant.

Although when in a solid massive form many plastics can be dif cult to ignite and
will not continue to burn with the removal of an exterior heatamunearly all will
burn rapidly in the form of dust, and if dispersed in the air canflesixely ignited
by a spark, ame, or metal surface about 700°F.

Good re protection starts with the re safe design of the plant or warehouse and the
inspection and modi cation of the existing facilities, if necessaryin®far-protected,
noncombustible construction is appropriate for buildings occupiesdtérage, pro
cessing, and manufacturing of combustibles or ammables, such as tivobed
in the plastics industry. Automatic sprinklers, standpipe and hosemsystand
water-type portable extinguishers should be supplemented by re eidirggs and
special automatic systems suitable for ammable liquid res and @attrres,
where these hazards exist. Consideration should also be given to the provision of
roof vents, particularly in large one-story warehouses of manufiagtplants.

Sprinklers are the most important single system for automatic controésfinr
plastic plants. Among the advantages of automatic sprinldettsei fact that they
operate directly over the re and that smoke, toxic gases, and reducedityjsibil
often associated with res in plastics, do not affect their opmrafiutomatic sprin
klers, standpipes, and re hose connections depend upon an adequate pyyer su
delivered with the necessary pressure to control res.
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SOURCES OF ADDITIONAL INFORMATION

Chemical Institute of Canada
130 Slater St.

Ottawa, Ontario KIP 6E2
(613) 526-4652

Chemical Manufacturers Association
2501 M St. N.W.

Washington, DC 20037

(202) 887-1100

Chemical Transportation Emergency Center (CHEMTREC)
2501 M St. N.w.

Washington, DC 20037

(800) 262-8200 (800) 424-9300 (Emergency)

(202) 483-7616 (International and Maritime)

Chlorine Institute

2001 L St. NW.,, Suite 506
Washington, DC 20036
(202) 775-2790

National Agricultural Chemical Association
1155 15th St. N.W., Suite 900

Washington, DC 20005

(202) 296-1585

Study Guide Questions

1. What are the major reasons for placing labels and placards on packages

and vehicles?

2. Discuss what risks should or should not be taken to identify a hazardous

material that is being released.

3. Why is it important to consider isolating or con ning ammable licgfid
What are some means of accomplishing this?

. What is considered to be the safest method of handling ammable liquids?

. Name some sources of ignition.

. What are oxidizing chemicals? Cryogenic liquids?

. Explain the role of physical shape or geometric con guration as it relates
to the ease of ignition and rate of burning of all combustible solids. Give
some examples.

. Explain the termsash pointandignition point

9. What is theGuidebook for Initial Response to Hazardous Materials

Incidentsand what information within it can be useful for re brigades?

N o oA

oo
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10. What four conditions are indicated by the National Fire Protection
Association re diamond?

11. List three or four industries that handle combustible dust problems. A
example is the textile industry.

12. (True or False) Combustible dust is a particulate solid that presents a re or
de agation hazard when suspended in air or some other oxidizing medium
over a range of concentrations, regardless of particle size or shape.
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5 Building Construction

L @]
After completion of this chapter, the reader should be able to:

1. Indicate the factors that should be considered in a plant layout.
2. Describe the Life Safety Code requirements that are located in thed mod
building codes that are used throughout the United States.
3. Explain how the Americans with Disabilities Act (ADA) is implenasht
within the Life Safety Code requirements.
4. Describe how the accepted terms and requirements alidgatder those
individuals unfamiliar with the Life Safety Code requirements.
5. Explain how a quali ed person conducts a baseline safety inspection.
6. Explain the International Building Code and the many benets that are
provided, which cover the model code for international consistency.
7. Describe the ve types of building constructiofiFPA 220 that have Fire
Resistance Requirements.
8. Explain what makes up the different explosion suppression systems.
9. List the three different classi cations of re retardant roof cavgs accord
ing to the Underwriters Laboratories, Inc.
10. Explain re loading and how this concept is determined.
11. Explain the concept of a compartmentalizing facility.
12. Describe how to evaluate building construction with a thermal imager.

The reports of major res involving loss of life, heavy progedtamage, or business
interruptions often indicate clear evidence that defects in the originsiraotion

or in later additions were major causal factors. Such situations can be addnesse
safety professionals with a broad understanding of what re safety in wofistr
means and how to obtain these goals.

Fire protection in building construction starts at the drawing board,ewher
safety errors in the original design can be corrected much more easily and atless co
than can be done after construction is completed. The next action is to makasure t
actual construction complies with the code requirements. Finally,letedbuild
ings should be checked for signi cant changes in the construction or oayupan
If changes have been made, the safety professional must take comesas@res to
ensure compliance with re safety codes and regulations.

To accomplish this, the safety professional must have a working knowledge o
safety in construction, the tools available to him to achieve this, uaddrebw to
use those tools, and understand their limitations.

FACILITY LOCATION

When a facility system is being designed, certainly one of the initial desisd
be made concerns its location. It cannot be overemphasized that the aixadalili
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amount of water in reserve is very important when determingitg docation. Such
information can be attained by contacting local or state public of cials and from
testing the water system itself.

The quantity of water required is generally determined by the design denfiands o
protective system utilizing water. NFPA standards contain desigegua rates,
and storage quantities for water needed in speci ¢ systems (NFHRARrotection
Handbook 1995). Selection of the water supply source or sources is the next step in
planning the location. Potential sources are municipal supply mairs, lekers,
on-grade and buried reservoirs, wells, gravity tanks, and pressige tan

When available, a municipal water supply is usually the least expeasd
most reliable source. A current dependable ow test that redbedsapability of
an available municipal supply is a necessary rst step in evaluating theipalnic
supply source. Water supply information is vital because costly expessslinay be
required in the event that the municipal supply is inadequate.

There are several methods of conducting water tests (Planer, 1979). &anepl

1. Measuring ow from an open butt of a hydrant by attachingesure
gauge directly to the hydrant. The only accessory is a hydrant cap with a
threaded tting for attaching the pressure gauge by holding a pitot tube
rmly in the center of the water ow just outside the butt or nozzle with the
blade at right angles to the nozzle exit. This device is used tsungethe
total pressure of a uid stream.

2. Laying hose from hydrants and measuring ow from nozzles. (When using
hose and nozzles, it is necessary to convert the residual pressures at the
hydrant to nozzle pressure by considering the ow through the hoses.)

When conducting a water test, the exact diameter of the nozzle or orice dis
charging the water must be obtained and accurate gauges must be used. Tests should
be made at ows which approximate the facility’s water demand.

Pumps can be used to improve a municipal supply when it is deicignessure,
but they will not improve a municipal supply that is de cient in volume. In many
cases, the municipal of cials will be aware of the de ciencies in their system and
may have plans in progress for improvement, or the economic impact of a new
facility might provide incentive to the municipality to provide watepiiavement.

When the municipal water system is found to be inadequate, then a secondary
water supply will be required. Lakes and rivers, when available, shouldha®d
for continuity of supply and for water quality. Reservoirs are another wayhtmee
the municipal supply. Once sized, they are developed by pumping. Aeaitsbl
ervoir variations include buried steel or concrete; on-grade steeginorete and
on-grade, plastic-lined, earth-formed ones. In some instances, thalitgliaf a
reservoir water source may be developed by dividing or otherwise pantifithe
source, and sometimes this will serve to provide the equivalent of two wateesour
Wells are sometimes developed as a water supply for a vertical re pump.

Gravity and pressure tanks are also very reliable. They are practicatlyditai
an installed height of about 150 feet above grade or 50 feet above a building. Thus
they are not used when high pressure is needed.
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Evaluating the water supply is the primary input of the safety professional in
site selection. However, there are other factors of concern that involveféihye sa
professional in the nal site selection. These factors are:

e Type of re protection
* Hazardous exposures
* Probability of ooding
e Earthquake likelihood

LAYOUT OF FACILITIES

The layout and arrangement of a plant or industrial undertaking is an inportan
factor to be considered in the safety function. If the maximum ef ciencyeraing
safety is to be reached and maintained, it must rst be planned into the orgarszati
physical layout. An excellent illustration of this is made through a webjated

de nition of good plant layout as: (1) placing the right equipment, (2) eauplith

the right method, (3) in the right place, (4) to permit the processing of a product uni
in the most effective manner, (5) through the shortest possible distépae tlfe
shortest possible time.

PLANNING

There are several factors to be considered in planning a facility layou. §dhese
factors include location; spacing and arrangement of power plantssprooés,

tanks, and other structures; the products that are to be mageotiesses that are

to be used in making the products; the size and shape of the buildings; the kinds of
machinery required; and the size, or approximate size, of the workforoeulid &fe

noted that failure to recognize these factors as well as other factors pnegent i
tinent industries will result in economic losses sustained by an organizate to
changes in construction before actual construction is complatedrece construc

tion is complete. The point that should be stressed is that changes in the blueprint
stage are relatively cheap as compared to changes made during aoreftaration

(Smith and Harmathy, 2000). This is determined in accordaitbethve test proce

dures set forth in ASTM E119, International Building Codes (2000).

During the planning stage, it is essential that considerations for styshé
included. Also, during the planning stage, it is vitally important that theyspfo
fessional draft a list of items pertinent to his or her type of industry that should be
checked against any such plans or blueprints. This is important in case any items
or design considerations are excluded in the initial planning processcHradist,
there will be a number of major items, each of which will include many minor.items
An example of a list of major items is as follows:

e Site

e Transportation facilities
e Personal service facilities
e Walkway surfaces
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e Lighting, heating, and ventilation

e Elevators

* Boilers and pressure vessels

e Electrical wiring

¢ Fixed machinery and equipment

e Portable equipment

* Provisions for servicing plant and equipment
» Fire prevention and protection

« Provisions for health and safety

Another approach used by some safety professionals is to draft a list of possible
exits, hazardous areas, and vertical openings that may exist in the industmnt.or pla
This list of possible re hazards may then be examined to determine the desgn aw
made during the initial planning steps.

F.oor DEsIicGN

Fire protection of building elements is provided for two reasons. The rstlisit

the spread of re within a building or prevent the spread into the building during a
re exposure, and the second is to ensure that, even under postes, the build

ing frame or elements of that frame will not collapse for a reasonable period of time.
Such collapse or even the threat of collapse will render re ghting measisgs le
effective than they might otherwise be.

It should be recognized, though, that some building designs, such aseste=| fr
and sided buildings, have essentially no re resistance. This lack oésistance is
intentional, and will likely result in an early collapse of the structurendwa re.

There are two groups of building elements: (1) load bearing, and (2) nonload
bearing. Load-bearing elements are those that support loads other thaowthei
weight. Nonload-bearing elements will have no effect on the structuraVioeof
the building as a whole.

Building codes provide requirements for both structural loads andisygesed
live loads. The code requirements are such that building “failures” aré&teuwetural
failures are generally the result of the application of unanticipated ¢gadima re
situation, “loads” are induced by heat, which may cause thermal stressestrElsess s
may be increased if the members are in any way restrained against expansjon. Also
heat may cause a loss of strength, if not actual consumption, of the structubermem

FRow SHEETS

Flow sheets are just as they sound, they are diagrams of the actual ow of operations
and processes in an organization. A detailed ow sheet is an extremely usdiul gui

in laying out plants, particularly those using dangerous materials andicateqb
processes. A ow sheet made in suf cient detail to include hazard points dtthbu
provisions, with the types of potential res in mind, can be a useful tool used for
planning. A ow sheet should be drawn to show the plant layout plan for the entire
facility, and should show relationships between buildings and stas;troadways,
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water lines, services lines, traf ¢ ow, and the location of bulk storage fasslfor
hazardous substances. In some cases, where it is necessary to bring attgrgion to s
cial procedures or hazards, supplemental sheets (such as buildingnid)epay be
included with the ow sheet.

The nature of the materials and processes in each manufacturing stage can be stud
ied through the ow sheet and provisions made to control or eliminate re hazards.

LIFE SAFETY

Assuring the life safety of workers in the event of a re or other emeygsrecpara
mount responsibility of employers. Fires and other emergencies odturegular
frequency in the workplace. Employers must be prepared by ensuring thatessploy
are warned when an emergency is discovered and can safely escape from a building.
Codes and standards have been prepared and adopted by national staratairds org
zations, all levels of government, and insurers. These standards outkutations
concerning life safety ranging from generalized performance atdsado more rig
orous speci cation standards. In either case, assuring that life safety igeacimes
facility is a dif cult task for the employer. This discussion will identifetrelevant
life safety standards, explain their fundamental concepts, and desaitmgen
ment approaches that can be implemented to assure that life safety is achieved on an
ongoing basis.
Assuring life safety should be a paramount safety concern for any empliogs
and other emergencies can occur at any time and in any part of a facility. Fires,
especially in industrial occupancies, have a high likelihood of ocgui®nce more,
res can quickly become severe. A small re can rapidly progress into a major catas
trophe within a few minutes. Large numbers of occupants can become exposed.
Therefore, ensuring that the layout and contents of a facility are con guiadtbév
for rapid and unobstructed egress from the re or emergency area is a paramount
safety concern.
On September 3, 1991, 25 workers died and 56 were injured in a chicken pro
cessing plant. They could not escape a re that quickly involved a pandg®sn of
the plant within 2 minutes of igniting. Among the many factors that coigdbto
this tragedy were locked exit doors and unmarked escape routes. The empkoyer w
held criminally responsible for not assuring the life safety of workers in #ré pl
(Klem, 1992). The personal liability suits and potential damages agfagnsmployer
are immense. A basic re safety awareness and a small investment in planrieg by t
employer could have prevented this outcome. This incident triggeredia qutiory
for better re safety awareness, as well as improved government enfortceme
Assuring life safety is also important to government agencies and isistlirer
following organizations regulate life safety in the workplace.

e The Occupational Safety and Health Administration (OSHA) enforces
standards in the Code of Federal Regulations (CFR).

» State and local authorities having jurisdiction (AHJ) enforce modelibgil
codes, re codes, and/or alife safety code adopted by the individualgtioadi
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e Insurers require their insured to abide by nationally recognized standard
and government regulations.

e The courts in uence employers’ actions by awarding punitive and compen
satory damages for regulatory violations and personal liability judgment

Assuring life safety is both a legal and moral responsibility of emgdoyer

Several standards exist related to life safdfPA 10: Life Safety Codés pre
pared and published by the National Fire Protection Association (NFPA).drhis ¢
sensus standard is the most widely referenced and adopted standarthgerdifie
safety. Thelife Safety Codeontains fundamental life safety requirements; classi
es occupancies; details requirements for means of egresardeatf re protee
tion, building services, and re protection equipment; and providggirements
for speci c types of occupancies (NFPA, 2004). Tiike Safety Codés written so
that it can be adopted by state and local governments for regulatory purposes. It is
reviewed, revised, updated, and reissued every three years by the NFPA.

Life safety requirements can also be found in the model building codes used
throughout the United States. Model building codes identify both peaioce-based
and speci cation requirements for means of egress, re protecéatufes, and
construction features. Model building codes are typically revievesised, and/or
updated on a three-year cycle. Four model building codesriamandy utilized in
the United States. Figure 5.1 identi es the four model building codes amdpioai
soring organizations.

In the United States, nearly every jurisdiction has applicable standardedes c
for re safety. To develop a re safety plan successfully, knowledge ackbbaund of
the subject, as well as resourcefulness, are necessary. Howevergbuile different
in design and structure. In researching the literaturé\ERA 101: Life Safety Code
is the only code that has speci c chapters covering both new and existinigndmild

States and local governments typically adopt a model building code to emforce i
their respective jurisdictions. A combination of enforcement methods adeause
can include a building permit process, an occupancy permit processndgpydlans
review, and on-site inspections. These methods bring life safety to tlergots
level. They provide some assurance to the public that buildings are re safeatind th
a degree of life safety is achieved.

OSHA regulates life safety in the workplace through its own standards con
tained in29 CFR 1910 speci cally, 1910.35-37. OSHA incorporated portions of
the 1970Life Safety Coddy reference, which were not fully adopted until 1980.

Dwelling Code Title Sponsoring Organization

National Building Code  Building Of cials and Code Administrators (BOCA)
Standard Building Code  Southern Building Code Congress, International (SBCCI)
Uniform Building Code  International Conference of Building Of cials (ICBO)

One- and Two-Family ~ Council of American Building Of cials (CABO)

FIGURE 5.1 Model building codes.
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The employer utilizing OSHA' life safety standards should do so with cafaio
two reasons. First, OSHA only adopted portions of the 19é0Safety Codespe

ci cally, performance-based criteria that are open to interpretafiew details are
provided to the employer regarding the layout and con guration of a facilitisor i
contents. Second, thgfe Safety Codéas undergone eight revisions since 1970.
This suggests that more current information has been included in recémsedit
For example, the 1970ife Safety Cod@ermits a means-of egress travel distance
of 100 feet in an industrial occupancy. The 1994 edition permits a travelatisth
200 feet (Carson, 1993).

OSHA now has a policy that reads: “compliance with an app&caBIPA stan
dard will be considered to be one means of compliance with the performdada cri
in the OSHA standard” (Carson, 1993). Safety managers are encouraged to use the
most recent edition of theife Safety Codas the basis for assuring life safety in
their facilities. Complying with thé&ife Safety Codéor any other NFPA standard)
will be considered compliance with the equivalent OSHA standard.

The Americans with Disabilities Act (ADA) also contains life safety require
ments. The ADA requires that facilities be accessible to the disabled, as well as
providing for adequate egress during emergencies. When edngidife safety
assurance, the ADA contains a major aw. It is enforced after the fact. The ADA
is a civil rights law and is not linked to model building codes adopted by states an
local jurisdictions. This means that a company could constrietilding ignor
ing the ADA's provisions. The company could then be sued after the building is
constructed for not incorporating the ADAs provisions. This would igewo life
safety assurance to the disabled in the meantime. Recognizing this aw, the NFPA
incorporated egress provisions for the disabled in its 1994 edition bifehBafety
Code (Cummings et al., 1993). This is another justi cation for utilizing thest
recent edition of theife Safety Codas the basis for assuring life safety.

EVALUATING LIFE SAFETY

Every facility is unique in some manner.ohe-size- ts-alllife safety inspection
checklist could not meet the needs of every facility. However, armed with a basic
knowledge of life safety concepts, an employer, its supervisors, apthjtloyees
can identify and abate many common types of life safety hazards. Through edu
tion and training, workers are more likely to recognizeddéety hazards and less
likely to create them in the rst place.

Life safety hazards can also be identi ed by conducting regular inspseciioo
types of inspections are recommended for facilities. First, a spidtisn program
should be developed and implemented. This encompasses supervisen oy
ees regularly inspecting their work areas for life safety hazardsnSpHdtion pre
grams are effective because supervisors and employees are regdonsissuring
life safety in their work areas. They can see the results of their efforts, which can
increase motivation, pride, and productivity. Next, managementgbonduct quar
terly life safety inspections of the facility. During quarterly ingjmers, management
can con rm that the self-inspection program is achieving results. It is a th&tho



78 Fire Safety Management Handbook

hold supervisors accountable for life safety assurance in their wark &eth types
of inspections should analyze the factors that in uence life safety assura

The following accepted terms and requirements are provided for thoseilisnfam
with Life Safety Codeequirements.

¢ Means of Egress-A continuous and unobstructed way of travel from any
point in a building to the public way must be maintained. It has three parts:
the exit access, the exit, and the exit discharge. All three parts should be
properly con gured and maintained.

e EXxit Access-An exit access should be protected by construction with a
1- to 2-hour re rating depending on how many stories a building is.

e Exit Discharge—An exit discharge must terminate in a public way.

¢ Number of Means of EgressAll buildings must contain at least two sepa
rate means of egress. Each means of egress should be as far remotely as
possible from the other. Buildings with an occupant load of 500—-1000 must
have three means of egress and an occupant load greater than 1000 requires
at least four means of egress.

e Egress Width-The means of egress must maintain a minimum clear width.
The minimum clear width permitted is 28r existing buildings and 36
for new buildings.

e Door Width—EXxit doors must maintain a minimum door opening. Door
openings must be 3Zor new buildings, 28for existing buildings, and a
single door cannot exceed 4i& width.

< Impediments-Impediments that obstruct a means of egress, prevent passage,
or reduce passage are not permitted.

e Locked Doors—All exit doors must be kept unlocked while a building is
occupied. Where security is a concern, panic hardware and other special
devices are available to make an exit door open only from the direction
of egress.

¢ Occupant Loag-The number of occupants permitted in a building at one
time should be closely monitored. Occupant load is determined by mrultipl
ing the building’s gross or net area by an occupant density. The permitted
occupant load should be conspicuously posted in a buildirgiritended
to prevent overcrowding and panic in case of a re.

e Exit Capacity—The total exit capacity of a building must exceed the
building’s occupant load. Exit capacities are determined for specicu
pancies. It is determined by multiplying the exit allowance (persons per
inch) by the width of an exit.

e Travel Distance—Maximum travel distances are regulated by occupancy
type and the installation of automatic sprinkler systems. They should not
be exceeded.

e Lighting—A means of egress must be illuminated so occupants can
safely evacuate.

e Emergency Lighting-A redundant means of illuminating the means of
egress must be provided if the means of egress will be left in total or partial
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darkness upon failure of that primary illumination source. Emergency
lighting must be provided for 90 minutes following the activation of a re
alarm and should be tested regularly.

e Marking the Means of EgressThe means of egress must be marked by
approved signs. Any portion of the means of egress that changes direction
must be clearly marked. Exit signs must be illuminated.

e Stairs—Two protected stairwells should be provided in multistory build
ings. Risers, treads, and stair slope must maintain minimum speci cation
Stairs must not be obstructed and storage is not permitted on or under stairs.
In some cases, stairwell pressurization is required to creatssupralif
ferential that prevents smoke from entering a stairwell.

e Hazard Contents-A building’s contents are classi ed according to com
bustibility and smoke production. Hazard contents are regulated faircert
occupancies usually based on expected occupant loads, occupast egres
ability, and re protection features.

¢ Occupancy—Buildings and portions of buildings are categorized accord
ing to what the building is used for. Specic provisions are required for
certain occupancies.

e Fire Alarm System-All buildings must have an approved automatic re
alarm system to warn occupants. These systems must be properly designed,
installed, and maintained.

e Compartmentation-Verifying the integrity of re barriers such as re-rated
walls, separation walls, partitions, and oor construction is important
These re barriers subdivide building spaces into smaller areas. dShoul
a re initiate, the re-rated barriers are intended to limit re spread to a
single compartment. Penetrations in re barriers must be protected.

e Interior Finish—The materials that comprise the exposed interior surfaces
of a building are regulated. Interior nishes that will propagatgidly
spreading res or produce excessive smoke must be avoided.

e Headroom—Headroom for occupants must be maintained. The minimum
permitted headroom is& and projections from the ceiling must leave a
headroom of & .

When inspections are conducted it is necessary to ensure that the reqeired lif
safety features are present and properly maintained, as well. Safetgtors will
need a thorough understanding of the concepts and requiremiffBAf101: Life
Safety Codgto conduct a thorough inspection.

Figure 5.2 will show the unusual conditions you will identify and the specic
observations that you will have to make when inspecting special strudiaes
inspection is worthy of your best professional expertise and judgment.

EVALUATING BUILDING CONSTRUCTION

There are a number of methods of evaluating building construction becawuse stru
tural collapse is one of those problems. Structural ca@kpse responsible for many
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Property Name:
Owner:
Address:
Phone Number:

OCCUPANCY
Occupancy Classi cation: Change from Last Inspection: Yes No
Occupant Load: Egress Capacity: Any Renovations: Yes No

Vehicle or Vessel:
Windowless High Rise Water Surrounded Pier Underground Other

BUILDING SERVICES

Electricity Gas Water Other Are Utilities in Good Working Order: Yes No
Emergency Generator: Yes No

Size: Last Date Tested:

Date of Last Full Load Test: In Automatic Position: Yes No

Fire Pump: Yes No

GPM: Suction Pressure: System Pressure:
Date Last Tested: Date of Last Flow Test:

In Automatic Position:  Yes

No Jockey Pump: Yes No

EMERGENCY LIGHTS

Operable: Yes No

Tested Monthly: Yes No

Properly llluminated Egress Paths: Yes No
In Good Condition: Yes No

EXIT SIGNS

llluminated: Internally Externally Emergency Power: Yes No
Readily Visible: Yes No

FIRE ALARM: Yes No

Location of Panel:

Coverage: Building Partial Monitored: Yes No Method:
Type of Initiation Devices: Smoke Heat Manual Water Flow Special Systems
Date of Last Test: Date of Last Inspection:

Noti cation Signal Adequate: Yes No
Fire Department Noti cation: Yes No

FIRE EXTINGUISHERS

Proper Type for Hazard Protecting: Yes No
Mounted Properly: Yes No

Date of Last Inspection:

Adequate Number: Yes No

FIGURE 5.2 Special Structure Occupancy Fire Inspection Form. (Reprinted with per
mission fromNFPA 101-2004 Life Safety CddeQuincy, MA: National Fire Protection
Association, Copyright © 2004. This reprinted material is not the cdéenpled of cial
position of the National Fire Protection Association on the referenced subjeich is
represented only by the standard in its entirety.)
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FIRE PROTECTION SYSTEMS
Type: Sprinkler Halon C©O Standpipe Water Spray Foam Dry Chemical Wet Chemical

Other Coverage: Building Partial Date of Last Inspection:
Cylinder or Gauge Pressure(s): 1 psi., 2 psi., 3 psi., 4 psi., 5 psi.
Valves Supervised: Electrical Lock Seal Other Are Valves Accessible: Yes No

System Operational: Yes No
Sprinkler Heads 18 in from Storage: Yes No

FIRE RESISTIVE (FR) CONSTRUCTION

Stairway FR: Yes No

Hourly Rating: Corridors FR:  Yes No

Hourly Rating:

Elevator Shaft FR: Yes No

Hourly Rating: Floor-Ceiling Assemblies FR: Yes No
Hourly Rating:

Major Structural Members FR: Yes No

Hourly Rating:

Floor-Ceiling Assemblies FR: Yes No

Hourly Rating:

All Openings Protected in FR Walls and Floor-Ceiling Assemblies: Yes No

HAZARDOUS AREAS
Protected by: Fire-Rated Separation Extinguishing System Both Door Self-Closures: Yes No

HOUSEKEEPING

Areas Free of Excessive Combustibles: Yes No Smoking Regulated: Yes No

INTERIOR FINISH

Walls and Ceilings Proper Rating: Yes No
Floor Finish Proper Rating: Yes No

MEANS OF EGRESS

Readily Visible: Yes No

Clear and Unobstructed: Yes No

Two Remote Exits Available: Yes No

Travel Distance within Limits: Yes No

Common Path of Travel within Limits: Yes No

Dead-Ends within Limits: Yes No

50% Maximum through Level of Exit Discharge: Yes No

Adequate lllumination: Yes No Proper Rating of All Components: Yes No
All Exit Enclosures Free of Storage: Yes No

Door Swing in the Direction of Egress Travel (when required): Yes No
Panic/Fire Exit Hardware Where Required: Yes No  Operable: Yes No

Doors Open Easily: Yes No Self-Closures Operable: Yes No
Doors Closed or Held Open with Automatic Closures: Yes No

Corridors and Aisles of Suf cient Size: Yes No Stairwell Re-Entry:  Yes No
Mezzanines: Yes No Proper Exits: Yes No

FIGURE 5.2 Continued)
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VERTICAL OPENINGS

Properly Protected: Yes No

Atrium:  Yes No

Properly Protected: Yes No

Are Fire Doors in Good Working Order: Yes No

HIGH RISE

Central Control Station \oice Fire Alarm Panel: Yes No

Fire Department Two-Way Telephone Communications: Yes No
Fire Alarm System Annunciators: Yes No

Elevator Floor and Control Annunciators: Yes No

Emergency Generator Status Annunciator: Yes No

Fire Pump Status Annunciator: Yes No

Telephone for Fire Department Use: Yes No

EMERGENCY POWER

Emergency Lights: Yes No

Fire Alarm System: Yes No

Electric Fire Pump: Yes No

Central Control Station Equipment and Lighting: Yes No
At Least 1 Elevator Serving All Floors:  Yes No
Transferable: Yes No

Mechanical Equipment for Smoke Control: Yes No

OPERATING FEATURES

Fire Drills Conducted: Yes No
Employees Trained: Yes No

FIGURE 5.2 Continued)

re ghter deaths and even close calls. There is no way that we can predict collapses,
however, there usually are warning signs such as recognizing and undieigthe
type of construction from the start.

In the size up of the re in the building and prior to entering the structure, the use
of the thermal imager can assess the problem from outside by locating the seat of the
re and observing changing or spreading conditions to the integrity of tifairim
Fire ghters must be trained to continue to evaluate all parts of the buildingyas the
move through with the thermal imager.

Today, there are many re ghters alive based on the fact thdtcalapses have
been identi ed with the training program of assessing the building steietith
the thermal imager.

MANAGEMENT APPROACHES FOR ASSURING LIFE SAFETY

So how does an employer ensure that life safety standards are followedal Sever
management approaches are available. However, combining several martageme
approaches into a process is recommended. A management process for assuring
overall life safety in a facility is outlined below.
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A quali ed person conducts a baseline life safety inspection that @ssure

The reliability of building construction features as re barriers.

The number of exits provided is adequate for the occupant load.

The exit capacity exceeds the occupant load.

The condition and adequacy of the means of egress and its protective features.
Building contents and interior nishes will not create an exoee re load.

The readiness, operability, and maintenance program of re detect®sn,
alarm, re suppression, and smoke management systems.

That panic conditions will be avoided in the event of a re.

The effectiveness of warning procedures and an emergency action plan.

De ciencies should be noted in a written evaluation.

. Prioritize de ciencies according to the risk to occupants.
. Establish corrective actions that mitigate de ciencies with bagineering

and administrative controls permitted by thfe Safety Code

. Assign corrective actions to supervisors and establish melesunde

stones for implementation.

. Educate and train workers about how to identify, report, aneat life

safety hazards in the facility.

. Implement a self-inspection program that requires superviscegutarly

inspect their work areas for life safety hazards.

This process will help assure that life safety hazards are identi ed an@itaitig

BUILDING CODES

Local re safety codes provide minimum standards. Building codes arecwa
with structures to be built. After construction, a building may never contbet
attention of local building inspectors. Codes may not dedi wiimplex design
considerations of the following:

1.

4,

5.

6.

Shopping malls contain stores of various sizes with goods of varying com
bustibility, all under one roof, and each opening into a covered mall.€Egres
is usually by way of the covered mall.

. Industrial buildings can be large and undivided. Dividing the bgtdimto

compartments may be impractical and distance to exits is likely to be extreme.

. Schools with open and exible layouts, “commons” areas, are ubkitea

compartmentation and access to exits may be varied and obstructed.
Membrane rooted structures (i.e., domed stadiums) require theeyad
ation of large numbers of people.

Hotel exhibition halls involve heavy re loading and contain numerous
ignition sources.

Windowless buildings make entrance for re ghting and rescuecdif.
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7. High-rise buildings with mixed occupancy present plagpiroblems and
make rescue dif cult. Local re departments may not have the resources
necessary to effectively control high-rise res.

Local codes require that all buildings be structurally stable. Bugdihgertain
sizes are required to b resistive—they should be able to withstand collapse dur
ing res. Brannigan (1982) comments,

If a building is not required by law to be re resistive, the designabtgequiredto
give any consideration to its potential collapse in a re [emphasis addadke 8on
re-resistive elements, such as sawn wooden ‘I’ beams, have histpidesmhonstrated
certain resistance to collapse. If a builder chooses to substitute tdeshbterally no
re resistance, such as fabricated ‘I' beams, which will carry normal Idedcaodes
do not object.

To ensure containment of re to the building of origin, local codes include:

e Regulation of wood shingles

¢ Requirements for masonry exterior walls

< Distance between buildings, or alternatives (i.e., re-resistiterex walls,
rolling shutters, exterior sprinklers)

To contain the re to speci ed areas within the building, local codes include:

¢ Gypsum board sheathing in combustible buildings

e Fire-resistive oors

e Fire walls to subdivide oor areas

¢ Closure devices on openings in barriers (i.e., re doors, enclosed/ayai
with self-closing doors)

To ensure safe egress of occupants, local codes include:

¢ Qutside re escapes

¢ Enclosed interior stairways

e Exit ways based on the number of occupants permitted

e Limited ame spread in corridors (Brannigan, 1982; Cote and Bugbee) 1988

The safety manager must be particularly astute in facility design. Buildoesc
are guidelines for con ning re to ananageablgwhatever that might be) area
where it can be extinguished by re ghters, and for enabling the safe evacuation
of the building’s occupants. Brannigan (1982) offered the followingngent on the
de ciencies of building codes.

Even the best building codes can have technical de cienciesisins are handed
down from code to code, often without any valid basis. Others are based on the inu
ence exerted on code-making authorities by proponents of one material acgranoth
Building code provisions are voted on in meetings at various levels and thbea by t
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appropriate political body. All these votes are subject to the politicakgs in all its
rami cations. It is not inaccurate to state that building codes are @bliather than
technical documents. It is disturbing to hear a re of cer say, “This bogdian't have
any problems. It was built to the latest code.”

The most important consideration in building design is the providing o exit
based on the number and characteristics of occupants, the maintenants ahdxi
the ability of occupants to reach exits quickly.

When designing a system of egress, it is necessary to consider the physical dimen
sions of a building’s occupants. From this, safety engineers havedctbateody
ellipse The majority of adult males do not exceed a width of 20.7 inches (52.8 cm)
at the shoulders. For Americans, the body ellipse is given a major axis of 24 inches
(60.9 cm) and a minor axis of 18 inches (45.7 cm). The additional width added
is a result of clothing in colder climates and a propensity of Americans to estab
lish a buffer zone between themselves and others. The body ellipse has an area of
2.3 square feet (0.21 square meters) and represents the area of a standing pers
(Cote and Bugbee, 1988). While walking, lateral movemestaryingoccurs. The
sway can vary, as a result of crowding or moving on stairs, from 1.5 inches (3.8 cm)
to 4 inches (10.2 cm). A total width of approximately 30 inches (76.2 cm) is needed
for a single le of people moving up or down stairs. As crowdimcreases, move
ment decreases. Walking speed slows to a shuf e and nally stops.

Success in re safety management depends on an effort of managers and person
nel to identify and correct re hazards. As might be suspected, when a re occurs
safety consists of having the occupants leave the building before oosdigcome
life threatening. Cote and Bugbee (1988) stress several requirenteaadoations
to work safely.

e The reis detected and the alarm is promptly activated.

e The occupants recognize the alarm signal.

¢ The occupants immediately proceed to evacuate the building.

e The occupants proceed toward the exits in an orderly and ef cient manner.

« The means of egress are adequate to accommodate the number of occupants.

« The exits have been properly designed, constructed, and maintained to pr
vide a safe environment.

¢ The last occupant is out of the building before the re develops life-threaten
ing conditions.

In a perfect world, all occupants would be successfully evacuated biééere |
threatening conditions developed. Certain facilities (e.g.,itads@nd jails) do not
present unrestricted means of egress. It may be necessary to defendtyhefpoit
vide protection for its occupants. A defensive re safety plan conthesetpoints:

e The size of any expected re is controlled. This is accomplished by control
ling the combustibility of interior nish and furnishing to limit the speethwi
which a re would develop and spread. Automatic sprinklers normally are co
sidered necessary to ensure that any res that do start are quickly cdntrolle



86 Fire Safety Management Handbook

e The building is compartmented. Dividing the building with re barriers
limits the number of people exposed to a re. Those in the area exmosed t
the re can move horizontally through a re barrier to an area of refuge.

e Exits are provided. Adequate exits must be maintained in case building
evacuation is required. Evacuation is generally a last resort (Cote and
Bugbee, 1988).

Building codes contain minimum requirements for design and constiuaft
buildings. Speci cation codes describe what materials can be used in caonstruct
the building size, and how to assemble the structure’s components.niRaréer
codes contain objectives and criteria for satisfying thosetgs. Remember that
building codes contain minimum requirements. In the real world an optiexeh |
of safety is weighed against cost. Alternate materials and methods may betsabstit
if they can be shown adequate under minimum code requirements. Minimum code
requirements include speci cations for structural stability, restsice, means of
egress, sanitation, lighting, ventilation, and safety equipneemt @larms and re
suppression systems).

Because building codes are laws, many local and state jurisdictions write their
own building codes. Municipalities may have dif culty instihguishing what
should be contained in a building cod&,jfe Safety Codeor a re prevention code.
Model building codes are developed by three organizations and are uscetlya
rated by reference into local and state statutes.

INTERNATIONAL BUILDING CODE

The International Building Code (IBC) was drafted by a committee in 1997-1998
for adoption and implemented by jurisdictions internationally. The IBC okiept

up to date based on a review of proposed changes submitted by code enforcement
of cials, industry members, and other interested parties. The purpose cbtle is

to develop minimum requirements in order to safeguard the public healtly, aatét
general welfare through structural strength, means of egressidacitinitation,
stability, adequate light and ventilation, energy conservation, dety ¢a life and
property from re and other hazards. There is an exception when discussing one and
two family detached homes. The provision under these guidelines state thailyou sh
comply with thelnternational ResidentiaCode.When involved with any specic

case, different sections of the code specify different materials, methoatsstrfus

tion, or other requirements; the most restrictive shall govern.

Building Of cials and Code Administrators (BOCA) publishes tBOCA
National Building Codgissued every three years. It has been incorporated into local
codes primarily in the Midwest, New England, and Mid-Atlantic states. TheABOC
National Fire Prevention Code is a supplement designed to eliminate conitists w
building code requirements. The International Conference of Buildingalf
(ICBO) publishes th&niform Building Codeand theFire Prevention Cod (issued
every three years with supplements issued annually). It has be@ponated into
local codes primarily in the Paci c and Mountain states. The Southern Building
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Code Congress International (SBCCI) publishesStiaedard Building Codéssued
every three years with supplements issued annually). It has be@padnated into
local codes in the South.

The content of the building code is important to safety managers when consider
ing plant design and layout. Adequate space, light, and ventilation eraklersvto
ef ciently perform work and maintenance tasks, and to safely storeraguaipand
supplies. As management style moves toward mutually agreed upon deegikichs
allow the organization to operate successfully, those responsiblesf@rotection
can provide input to those responsible for building design.

A facility’s location will determine its design. The response time of emeygenc
service providers (including the re department) is an important factoesigd.
Traf c congestion and limited-access highways may slow the responseBtiritaing
design can prevent the facility from being easily approached by re apparatus.
In rural and congested urban areas, the number, location, and spacing ofaiaser m
and hydrants may be inadequate for re apparatus, sprinklers, and standpipe

ENGINEERING DESIGN CONSIDERATIONS FOR PLANT LAYOUT

When planning the layout of a plant, several engineering design corisidgrat
should be taken into account. If the planner is familiar with existing tonsliand
applies re prevention principles, he will not overlook the following:

e Adequate SpaeeAdequate space must be provided for the completion of
the employees’ jobs. Also, adequate space should be provided for storage of
equipment and supplies.

e Safe Access-Safe access must be provided for an employee to success
fully ful Il his job requirements. Safe access must also be provided for an
employee to which his or her job requires them to go.

» Safe Maintenanee-Safe working conditions should be provided to employ
ees performing maintenance functions.

¢ Adequate Air and Light-Adequate air and light must be provided to
employees so that they may carry out the functions of their respective jobs.

e Services—Provisions are made for the arrangement of machinery and
equipment and provisions must also be made for the servicing of those areas.

« Expansionr—A farsighted planner allows for expansion. If this is properly
done, the need for rearranging departments, at a later date, to overcome
congestion is avoided.

LOCATION OF BUILDINGS AND STRUCTURES

One of the basic fundamentals of plant layout is segregation. The segregation can
take place in various ways, but the most common is by raw matstaaégie, pro
cessing buildings, and storage of nished materials. In planning the locdtion o
various units in a plant, the codes of the National Fire Protectiorcidiso and
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of local and state authorities should be followed. Some general rules thiak lseou
followed in the layout of buildings and structures are as follows:

* Ample space should be provided between segregated units and ame
sources. Plants using and storing ammable materials should conform to the
speci cations developed by thational Fire Codes, No. 30: Flammable
and Combustible Liquids Codes

« Types of retardants used in relation to the distance between buildings of
frame, brick, and re-resistant construction should conform tdNemgonal
Fire Protection Association Code, No. 80A: Protection of Buildings from
Exterior Fire Exposures

* Power plants and employee amenity areas should be placed where they have
minimum exposure to the operating unit.

e Loading and lling installations of gases such as propane should be located
several hundred feet away from ignition sourt#sPA 58requires distances
and requirements for propane. Propane must be emphasized as a dangerous gas.

e Processing units should be grouped according to the type of materials
being handled.

Where no legal restriction governs the storage of explosives, the recommenda
tions of the Institute of Makers of Explosives should be followed. This spebe
guantities of explosives that may be stored safely at varistendies from inhabited
buildings, passenger railways, and public highways, as developéé hystitute of
Safety during Construction.

There are many safeguards that should govern the workers and the adjacent public
and private properties during construction. The contractors’ equipand materials
should be placed in an area where an inventory and usage make it very easy for the
workers to retrieve on the job. The material and equipment should be stored in the
vicinity so as to not endanger the public. There are a number of practices and pro
cedures presented in the training classes that will prevent accidents ofkezsw
are trained in everything from handling heavy equipment to many other presed
such as shoring, trenching, roo ng, and many others. During the trainengydrk
ers are involved in how to use personal protective equipment (PPE), housgkeepi
practices, and surveying with an emphasis on the safety function. Whermgaho le
restriction governs the storage of explosives, the recommendations oftitutd s
Makers of Explosives should be followed. This speci es the quantitiespisves
that may be stored safely at various distances from inhabited buildingsnpes
railways, and public highways, as developed by the Institute of Makergplfdises
(NFPA 495: Explosive Materials Code

SELECTION OF BUILDING MATERIALS

Fire protection begins on the drafting board where full considerdtmrdbe given

to heights, areas, egresses, construction and nish materials, sttiagsemblies,
occupancy factors, private and public re protection, exposure groite and limi
tations imposed by building codes, state re codes, and other legal requiseme
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All of these factors are interrelated in the building construction. Apmabely
75 to 80% of building codes involve re safety requirements (Egan, 197&yM
buildings re ect the practice of design without regard for re protectio

Selecting the appropriate materials and assemblies to meetexkpeccondt
tions in a structure requires familiarity with re properties of buifglimaterials
and structural assemblies. These properties are divided into two ba&sgjors:
combustibility of materials and re resistance of materials. Combusyilslifurther
divided into three categories: ame spread, fuel contributed, and smailepi@ment.

e Brickis quite re resistant, but brick or mortar may deteriorate.

< Stone of many types may spall (i.e., lose part of its surface when heated).

e Cast Ironhas good re characteristics. The casting method determines
whether it is good or bad. This cannot be determined by examination. Poor
connections (rivets or welds) are the chief cause of failure.

e Steelelongates substantially at about 1000°F. If restrained, it will buckle.
It fails at about 1300°F. Water does not cause failure. It cools steel. Cold
drawn steel (e.g., cables and wire ropes) fails at 800°F.

¢ Reinforced Concretis a composite material. Failure of the bond between con
crete, which provides compressive strength, and steel, which gsdeidsile
strength, causes failures of reinforced members. Concrete nayrhddted
to perform its intended function under re conditions within certaimits.

¢ Gypsumabsorbs heat from the re as it breaks down under re exposure.

e Plasticshave a wide variety of properties. Some ignite and burn readily.
Others do not. Some burn with heavy smoke production. Others do not
(Brannigan, 1982).

Local re departments and building inspectors, the state re marshal’s cdioe
building contractors can provide assistance to safety professionaldimdp design
and construction. Our objective is to reduce losses from re by makingraotisn
decisions based on standards of prudent design and selection of materials.

The type of construction selected is dictated by the type of occupancy,ezkpect
occupancy hazards, and threats from exposure hazards. There are ve typlels of bu
ing constructionFPA 220 from which to make a selection. These are:

e Type —Construction is that type in which the structural members, includ
ing walls, columns, beams, oors, and roofs, are of approvedamobus
tible or limited-combustible materials and have re resistance ratings.

e Type II—Construction is that type not qualifying as Type | construction in
which walls, beams, columns, oors, and roofs are of approved nencom
bustible or limited-combustible material and have re resistance ratings

¢ Type Illl—Construction is that type in which exterior walls and structural
members which are portions of exterior walls are of approved nencom
bustible or limited-combustible materials and interior structural mesnbe
including walls, columns, beams, oors, and roofs, are wholly or partly of
wood of smaller dimensions than required for Type IV construction or of
approved noncombustible materials, limited combustibles, or othenagap
combustible materials.
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* Type I\\—Construction is the type in which exterior and interior walls and
structural members, which are portions of such walls, are of approved non
combustible or limited-combustible materials.

e Type V—Construction is that type in which exterior walls, bearing walls, oors,
and roofs and their supports are wholly or partly of wood or other approved
combustible materials smaller than required for Type IV construction.

In addition, all ve types of construction must have structural membexs th
have re resistance ratings not less than those set forth in NFPAs Table Bor Fi
Resistance Requirements. The table also provides information relatiem® s
exceptions. There are many combinations of these general types.

A building is composed of various types of structural members that are atrange
and joined together so as to support a given load or loads, or to shelter. The various
components that make up the building are (1) the general framing (foundatibns
umns, beams, girders, etc.), (2) walls and partitions (exterior anoijted) various
types of oors and roof assemblies, and (4) various oor and roof coverings.

For effective re protection, the building construction componentstrbe able
to support normal structural loads during a re, contain theapof smoke and re
gases, and prevent excessive heat ow for a reasonable time period.

FrAMING

Structural framing members are usually composed of one or more of the fgllowin
materials: reinforced concrete, prestressed concrete, staehliuminum, and wood.

The presence of noncombustible materials such as structural steel and iron in
a building of otherwise masonry construction does not mean that the building is
classi ed as re resistive. If exposed iron and steel structural mesvdrerpresent,
the entire building is open to danger from unequal rates of expansion of theynason
and metal members. Structural steel and iron will expand and distort atefglativ
low re temperatures (at 1200°F, steel has loss of strength) untgssriyrprotected.

Covering of structural members with a protective material is thereforesnec
sary to insulate them against a rise in temperature, which would impair orydestro
their strength or usefulness by softening or expansion. This protelsmpravents
transmission of dangerous temperatures through walls and oors to oth&ropar
the building.

It is necessary to have an understanding of the various types of materials used to
produce re-resistive construction. Before this, it should be ndtatino construc
tion material in existence can totally resist impairment from a re. This is hdy t
materials used to re protect steel are ternredesistive, not reproof.

Many of the types of materials used to produce re-resistive constructquear
of an encasement system. Gypsum is one such material. It delays the transfer of heat
to steel by releasing water by crystallization, which is evaporated. @yipsised in
a plaster and can be applied or precast onto steel. Portlandtasiays heat trans
fer in the same manner as gypsum. It is used to encase steel and to decrease spalling
when applied to concrete. Portland cement plaster has lessivff re resistance
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than gypsum plaster, but is used where direct exposure to humidity and the&lemen
is unavoidable.

Perlite and vermiculite are lightweight aggregates with higdrmhal qualities.

They are products of volcanic rock and are used as a substitute for sand in concrete
or plaster. Plaster or cement with perlite or vermiculite are usuallyeapiithe
underside of ceilings or roofs.

Mineral ber, as it used to be, contained concentrations of asbestos oryists cr
line silica. Now it contains neither of these for health reasons. Mineraisbght
weight and is used as a spray coating on steel.

There are also coatings and treatments that can be applied to wood. One of these
is a wood glue lamination. This process allows the wood to char partially but not
burn all the way through.

Safety managers should be familiar with the types of materials used to design
re-resistive structural buildings so they can communicate with amdsitand
engineers in discussions concerning re-resistive design.

WALLSAND PARTITIONS

There are four basic materials used for wall construction. These are raindoree
crete, masonry, steel frames, and wooden frames. There are various typéarmdwal
partition assemblies that use different variations of these materialsaferz@77).

FL.oor AND RooF ASSEMBLIES

There are various types of oor and roof assemblies commontyingbe construc

tion of buildings. Some oor assemblies and their supports are similar tofthat o
roofs and their supports. The factors that determine the selection ro&rabroof
assemblies are:

1. The loads to be supported

2. Durability and weight of the system

3. Suitability for the installation of utilities

4. Fire resistance requirements

5. Temperature and sound insulating properties

The determination of the suitable re resistance of a roof or oor is generally
based on the re resistance of the building as a whole. The re resistance of a oor
or roof may be inherent in the type of construction used, or it may be applibd
addition of re resisting materials. A reinforced concret@bsbn concrete beams
represents a type of construction that has inherent re resistance. Anmmuntble
roof deck or a reinforced concrete oor slab on unprotected steel has fétl
resistance because the exposed steel would fail early under theseonenéitie
resistance may be provided for such assemblies by encasing the steel Bisre re
tance materials or protecting it with a suspended ceiling, whichdwwovide the
desired re resistance.
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The reader may refer to the Underwriters Laboratories, Inc., and the Bureau of
Standards for lists of the various types of oor and roof assemblies for their re
resistance in accordance wiirPA 251

Roor anD FLoor CoVERING

There are many different types of roof coverings. These roof coverings firang

highly ammable wood shingles to built-up coverings that are highly sistant.

The particular hazards of each separate roof covering must be researched to see
which best ts the need of a particular organization.

The Underwriters Laboratories, Inc., has set up three different cléssesstardant
roof coverings. They are classi ed as A, B, and C. Class A coverings are the highest
ranking possible. Roof coverings in this classi cation are effectivénagaevere
res. Roof coverings of this class are not readily ammable and do not spread
They give a fairly high degree of re protection for the roof, do not slip from-posi
tion, possess no ying-brand hazard, and do not require very much maicgetoan
maintain re retardant roof coverings.

Class B coverings are roof coverings that provide medium re protec@iass B
coverings are not readily ammable and do not help the spread of re. Also, like
Class A coverings, they will not slip from position and possess no yingebra
hazards, but, unlike Class A coverings, they require periodic repairsién tor
maintain their re-retardant properties.

Class C coverings are the lowest rating possible for roof coverings. These cov
ings are effective only in light re exposures. Similar to Class A and B awygri
these coverings are not readily ammable, do not spread aeal slip from posi
tion, and possess no ying-brand hazard. But unlike Class A and B covethigs, t
classi cation requires occasional repairs or renewals to niaiitea re-retardant
properties. Most building codes require A or B coverings when these lysilde
within the city limits and whenever re-resistive buildings are spetimthe build
ing codes. In some codes Class C coverings are permissible. In many codé&s Clas
coverings are listed as the minimum speci ed coverings allowable. Itgeriant,
when considering which covering to put on a building, to consult all agptepr
building codes to see which coverings are permissible and which ayveria not.
There are two main types that roof-covering classi cations fall into: peeband
built-up coverings. Built-up coverings, as the name implies, consisvefings that
are built up layer by layer to form the roof covering. A built-up roof covering can
come in many different fashions. A simple tar and gravel roof is a built-up roof
covering. An example of the layers that might be applied in a built-up roofiegver
process might be:

e Layer 1—Wood deck

e Layer 2—Sheathing paper

e Layer 3—Layers of felt

e Layer 4—Mopping of asphalt

e Layer 5—Alternating layers of asphalt and felt

e Layer 6—Gravel or slag embedded in the pouring of asphalt
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Prepared roof coverings consist of shingles or sheathing. These coverings ca
only be applied to roofs where nails can be driven. Prepared roof coverings must also
have a severe enough incline so that water is not allowed to stand.

When combustibility of a roof is determined, the aspects that are looked at are the
physical characteristics of the roof deck and its supports. Usually, s@egation
is given to the combustibility of the covering and insulation. These factoreare t
important to be overlooked. Insulation and coverings that are combkudtbhot
usually affect the classi cation of the roof. In some large-scale re testing &,ribo
has been proven that some metal roofs can contribute to the spread of res.

One of the most important factors in the limitation of re damage is the design
of oors to resist the passage of heat, smoke, gases, and watesténgnio story.

Fire usually spreads upward faster than downward; therefore, the undérsiole o
construction is more important than the upper surface. Thus, woodemgoisri
commonly used over a concrete slab or other re-resistive oor congiruetith

little detrimental effect on the re safety of the building. A hazard is presetit if i

is laid so that a concealed space can form through which re may spread under the
nished oor. Floor surfacing of highly combustible types, which are lgagnited,
ordinarily do not, in themselves, contribute to the spread of re unless the combus
tible contents of the interior nish are involved in a re that produces teaipegs

suf cient to cause a ashover.

Carpeting may contribute to re spread depending on the length and density of
the nap, the chemical structure of the material, and other factors. The test procedure
now accepted by all jurisdictions for determining carpet acceptai¢ER# 253
ThelLife Safety CodéNFPA 10) uses this standard.

The tightness of wood oor surfacing is an important factor in buildings of co
bustible construction. Small sparks or cigarettes lodging in crackede boards
may cause ignition much more readily than when resting on top of a tight oor. Any
cracks or holes are a source of obvious hazard.

FRrE LoaDING

In order to determine the re resistance needed for walls and oors, it is agegess
to understand the quantity and characteristics of the combustibled withien the
structure, and of the structure’s building materials. Brannigan Y18@&s this
discussion of re loading:

The re load is the potential fuel available to the re. To the extent that theibgilgl
combustible, the building is part of the re load, as are all combustible centegfwe)
con ne the term “ re load” to simply the amount of fuel present and use the terendfat
heat release” (RHR) to describe the intensity of the re, the rate at whicheheufrns.

The basic measurement of the re load is the British thermal unit (Btu), theramo
of heat it takes to raise one pound of water one degree Fahrenheit (metric: 1 Btu =
1 kilojoule)...

Each pound of combustible material has its own caloric value in terms of Btu
per pound. For estimates, two rules of thumb are used. For wood, paper dad simi
materials, 8000 Btu per pound is the caloric value; for plastics and cabibligtids,
16,000 Btu per pound is the caloric value.
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The weight of the fuel is multiplied by the appropriate Btu value and divided by
the area to arrive at Btu per square foot, the measure of the re load. You may nd re
load expressed in pounds per square foot... i.e., wood and paper, estindai@o Btu
per pound.... Plastics are converted into ‘equivalent pounds’ on the basiswfd gfo
plastic equals 2 pounds of wood.

A re load of 80,000 Btu per square foot or 10 pounds per square foot is taken to
be the equivalent of the 1-hour exposure to the re standard of the AmericatySo
for Testing and Materials E 119 Fire Endurance Test, 16,000 Btu per squiig foo
equivalent to 2 hours, and so forth.

Itis only recently (the 1970s), that the concept of calculadtiagre load in advance
has gained acceptance even in re protection circles. Yet, the absorptieatofyh
water is the essence of re suppression by re departments.

Many pre- re plans note that a building is sprinkled. How many contain any-anal
sis of whether the sprinkler system is capable of delivéhe@mount of water needed
to absorb the heat that must be absorbed if the re is to be stopped from spreading?

It should be noted that the re load is a measure of the maximum heat that would
be released if all of the combustibles in a given area burned. Maximum hesérelea
is the product of the weight of each combustible multiplied by its heat of canrbust
In a typical building, the re load includes combustible contents, interieghn oor
nish, and structural elements. Fire load is commonly expressed in terine avér
age re load, which is the equivalent combustible weight divided by the ea &r
square feet (A).

Equivalent combustible weight is de ned as the weight of ordinary coriblbest
having a heat of combustion of 8000 Btu per Ib (18,608 J/kg) that would release the
same total heat as the combustibles in the space. For example, the eguizigletof
10 Ib per sq ft (48.8 kg/Mof a plastic with a heat of combustion of 12,000 Btu per Ib
(27,912 J/kg) would be:

10 Ib per sq ft x 12,000 Btu per Ib = 120,000 Btu per sq ft

120,000 Btu per sq ft + 8000 Btu per Ib ordinary combustibles = 15 Ib per sq ft

COMPARTMENTALIZING FACILITY

To prevent the spread of re throughout the facility, it should be separatedamt
partments. Screens and curtains will do little to prevent re spreadsiap@among
easily ignited goods and objects. The most common, and most certain veatioa
technique in compartmentalization is the use of a re wall. This will serve taderov
reasonable assurance that a re will be contained to a speci c area (Egan, 1978

According to the NFPA, all re walls and their supports shall be designed to
withstand a minimum uniform load of 5 psf from either direttapplied perpen
dicular to the face of the wall. In addition, all re walls shalimonload bearing. The
structural framing within the plane of the wall shall be pelditb be load bearing.
The best way to protect re wall openings is to minimize the number of openings
that exist within the structure. Fire walls are rated based on the total hours they are
designed to withstand exposure to a re, and the reason foistthat re walls are
designed to provide separation between the various building areas so thdt re w
not spread to other sections of the building.
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FreE Doors anD WINDOWS

Fire doors are the most widely used and accepted means of protection of both
vertical and horizontal openings in a building’s structure. They arefactored to
speci cations designed to produce a door capable of withstanding varigtesede
of re exposure.

Fire door and re window classi cations are located in Appendix E ofNR@A
Fire Codes 20Q1T he scope of theFPA 80standard for re doors and re windows
designates the following:

“This standard shall regulate the installation and maintenance of as=® anui
devices used to protect openings in walls, oors and ceilings against ttasl sre

re and smoke within, into or out of buildings.”

Fire doors, whether new or existing, are classi ed by the fallgwesignation system:

1. Hourly rating designation; or

2. Alphabetical letter designation; or

3. A combination of 1 and 2; or

4. If a horizontal access door, a special listing indicating the re-rated o
oor-ceiling, or roof-ceiling assembly for which the door may be used.

Fire windows are also classi ed by an hourly rating designatioifall under the
NFPA 257: Fire Testing for Windows and Glass Block.

The following alphabetical letter designation was one methodoga® to
classify the opening for which the re door is considered suitable. Ogerdre
classied as A, B, C, D, E, and F in accordance with the charaogkifocation of
the wall in which they are situated. In each of the following classes, the minimum
re protection ratings are shown. Doors, shutters, or windows havirgehigtings
are acceptable. Class A openings are walls separating buildings or dividngiea s
building into re areas. Doors for the protection of these openings have aotegr
tion rating of 3 hours. Class B openings are in enclosures at vertical comnmmicati
through buildings (stairs, elevators, etc.). Doors for protectidmesitopenings have
a re protection rating of 1 or 1.5 hours. Class C openings are in corridor and room
partitions. Doors for protection of these openings have a re proteciiimgrof
.75 hours. Class D openings are in exterior walls, which are subject to severe
exposure from outside of a building. Doors and shutters for the protettibase
openings have a re protection rating of 1.5 hours. Class E and F openings are in
the exterior walls, which are subject to moderate or light n@oskre, respectively,
from outside of the building. Doors, shutters, or windows for the protecofithese
openings have a re protection rating of .75 hours.

There are several types of re door construction that have been approved, and
generally follow the terminology of the industry and testing laboratosgiatations,
and are offered for descriptive identi cation of available doors. Some sé thee:

e Composite Doors-Composite doors consist of wood, steel, or plastic
sheets bonded to and supported by a solid core material.
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¢ Hollow Metal Doors—Hollow metal re doors are of a ush or panel
design with not less than 30-gauge steel faces. Flush door designs include
steel stiffeners or honeycomb core material to support the faces. The voids
between stiffeners may be lled with insulating material. Panel doogagsi
are a stile-and-rail construction with insulated panels.

¢ Metal Clad or Kalamein Doors-Metal clad re doors are swinging type only
and are of ush or panel design consisting of metal-covered wood cores and
stiles and rails and insulated panels covered with steel of 24 gauge ar lighte

¢ Sheet Metal Doors—Sheet metal re doors are formed of 22 gauge or
lighter steel and are of corrugated, ush steel, or panel design.

* Rolling Steel DoorsRolling steel re doors consist of steel or stainless
steel interlocking slats to form a curtain of not less than 22 gauge, attached
to an overhead barrel mounted on brackets for attachment to walls. The
complete assembly includes the operating counterbalance enclo$ed in t
barrel, automatic closing mechanism, the door guides, metal hoad encl
sure, and ame baf e.

e Tinclad Doors—Tinclad re doors are of two- or three-ply wooden
core construction, covered with 30-gauge galvanized steel or teatee pl
(maximum size 14 in by 20 in) (.36 m by .51 m) or 24-gauge galvanized
steel sheets not more than 48 in (1.22 m) wide. Face sheets shall be vented.

e Curtain-Type Doors-Curtain-type doors consist of interlocking steel
blades or a continuous-formed spring steel curtain installed in a steel frame

* Wood-Core-Type Doors\Wood-core-type doors consist of wood, hard
board, or plastic face sheets bonded to a wood block or wood particle board
core material with untreated wood edges.

e Special Purpose DoorsSpecial purpose doors such as acoustical re
doors, and frame assemblies are available in single swings and pairs that
are furnished complete with sound seals.

e Single-Unit-Type Doors- Exit access, that portion of a means of egress
that leads to an exit.

When selecting windows, common glass or plate glass has no re resistance
classi cation, as the glass cracks and falls under the in uence of evegratedheat.
Wired glass windows in metal frames have a fairly high degreesigtance to re,
but their use is restricted by the inherent limitations of the glass, which ttansmi
radiant heat and ows at temperatures often reached in res. Wired glass windows
are recommended for use in moderate or light exposure. The period of resistance ca
be greatly enhanced when used in combination with a sprinkler system.

FRrEe ProTECTION RATING

“The National Fire Protection Association does not approve, inspect,tiy caty
installations, procedures, equipment, or materials nor does it approvaltate
testing laboratories’Hire Safety Code, Standagb7, NFPA, 1995).

The National Fire Protection Association$-PA 80: Fire Doors and Fire
Windows standard is the determination (in minutes or hours) that re doors, shutters
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or windows have withstood a re exposure as established in accordance witb-the p
cedures oNFPA 252: Fire Tests of Door Assembliedich could be considered a
re protection rating category.

SviokE AND HEAT VENTING

There has been a general trend, since the end of World War I, toward lglgesia,
one-story buildings to use light construction to gain an increase@ptygiin assem
bly line operations. Production-minded industrialists do not faiasidn walls as
they restrict the mobility of conveyor lines and make operational changespane e
sions more dif cult. The result, from the re protection viewipt, has been the very
vulnerable exposure of high values, within large, single re areasténg&xe re
loss with accompanying production interruption of staggering ptiomor

This has increased the dif culty of re ghting, since the re department must
enter these buildings to combat re in the central sections of #r.gf unable to
enter the building, because of heat and smoke, efforts may be reduced to gain appli
cation of hose streams to the perimeter areas, while re consumes the vast interi
of the plant.

Fire extinguishment is normally accomplished by absorption of heat by water
applied by sprinklers or hose streams with resultant reduction of theeri@mp
ture of the burning material below its ignition point. The release of heat from its
con nement within a building, through proper venting equipment, resiute
amount of required cooling and generally retards spread of the re (NFRA,
Protection Handbook1995).

Vents are not a substitute for sprinklers or other extinguishing fesiliTheir
purpose is to relieve smoke and heat from the building and to improve acitgssibil
for the re department so as to permit a close approach and direct action against the
seat of the re.

APPLICATION AND SCOPE

These provisions are intended to offer guidance in the design of facititiesef
emergency venting of heat and smoke from uncontrolled res. They do not attempt
to specify under what conditions venting must be provided as thep@dent upon
an analysis of the individual situation. However, venting is paetity desirable in
those situations where manual re ghting may be unduly handicapped or where
automatic protection may be overtaxed as, for example, in large-anestriad
buildings or warehouses, windowless buildings, undergrounctstes; or in areas
housing hazardous operations.

This guide does not apply to other ventilation (or lighting, as may be the case with
monitors and skylights) designed for regulation of temperatwithin a building,
for personnel comfort, or production equipment cooling.

Venting may be desirable in either sprinkled or unsprinklediings. A serious
re may occur during a period when all, or a portion, of the automatic sprinkler
protection may be out of service for repair or changes. In addition, a re, in con
centrated operations involving highly combustible materials and wasattp may
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spread rapidly and overtax the sprinklers. Because of this, the combinéeraotin

ing effect of heat and smoke relief and re department action may be essential to
check its spread. Building construction of all types is iretlydalthough it is to be
recognized that superior re-resistive construction has inhed¥atreages.

PriNCIPLESOF VENTING

There are so many variables that can apply to the burning of combustible material tha
no exact mathematical formula is possible for determining precise veatjoge

ments. The rate of combustion varies appreciably according to the nature, shape,
size, and packaging of the combustible material, the size and height of pilihg, an
other factors; the volume of heat and smoke to be vented differs accordingly. Vent
sizes and ratios have therefore been developed from tests and experiagamlys
theory for guidance. If severe damage to exposed structural steel is tadsel avo

the temperature of the vented heat must not be suf cient to overhestethethus
materially reducing its strength (Whitman, 1979).

The height of a column of hot gases has a direct relationship to the volume of hot
gas that will be discharged by thermal updraft through an opening of a given size
Curtain boards, or their equivalent, increase the column effect, whicteisties to
good venting.

CLassIFIcATIONOF O CCUPANCIES

Tests and studies provide a basis for division of plants into classes ifgpepdn

the fuel available for contribution to a re. There is a wide variation in the giesnti

of combustible materials in the many kinds of industrial plants, and between var
ous buildings and areas of most any individual plant. Classi catimuld take into
account the average or anticipated fuel loading and the rate of heat release antici
pated from the combustible materials or ammable liquids contained therein.

1. Low Heat Release Occupanciékhis class includes those buildings or
portions of buildings containing scattered, small quantities of caiblus
materials. Such areas might be found in:

Metal stamping plants

Machine shops, with dry machining and like operations
Foundries

Breweries

Dairy products processing plants

Bakeries

Meat packing plants

2. Moderate Heat Release OccupanciBisis class includes those buildings or
portions of buildings containing moderate quantities of combustiaterial,
which are fairly uniformly distributed. Such areas might be found in:
Automobile assembly plants
Leather goods manufacturing
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Printing and publishing plants
Machine shops using combustible oil, coolant, hydraulic uids, or irirgl
similar hazards
3. High Heat Release Occupancidsis class includes buildings or portions
of buildings containing either hazardous operations or concentrateti-quan
ties of combustible materials or both. Such areas might be found in:
Painting departments
Oil quenching departments
Chemical plants
Paper mills
Rubber products manufacturing plants
General warehouses

It should be recognized that many plants will have buildings or areas thatdal
each of the above classi cations. An automobile plant, for example, migtaino
stamping presses and dry machining (low heat release); upholstery andaddet (
ate heat release); and large paint spraying and dipping operations, andtingbbe
storage (high heat release). Accordingly, venting facilities shoulddignael for the
different classi cations.

VENTS

The following are types of vents.

1. Monitors—This type usually depends upon the breakage of ordinary glass
(not overYs-inch thick) in the side walls to provide venting, although, where
light is unimportant, metal panels may be used in lieu of glass, and arranged
to open automatically in event of re. Where conservation ofdiog heat
is not a factor, louvers are often used. Wired glass is unacceptable unless
the sash is arranged to open automatically. Both sides of a monitor should
be designed to vent to ensure that wind direction, at the time of a re, will
not impede its effectiveness.

2. Continuous Gravity VentsThis type of vent is a continuous, narrow slot
opening, with a weather hood above, similar to those frequently used along the
gable or a pitched-roof, foundry-type building. If movable shuttersravidpd
to control temperature, they should automatically open in the event of a re.

3. Unit-Type Vents-This type of vent is of a relatively small area, usually
4 by 4 feet to 10 by 10 feet, and is distributed about the roof according to
the occupancy requirement. Generally, they are lightweight metal rame
and housing, with hinged dampers, which may be operated manually or
automatically opened in the event of a re.

4. Sawtooth Roof SkylightsSince wired glass in a xed sash is generally
used in sawtooth skylights, it offers no value as a venting facilityssinle
a plain glass is used or it is a movable sash equipped with devices to open
automatically in case of a re.
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5. Exterior Wall Windows-These may be considered as effective vents pro
vided the windows are along the eaves. Lower windows are of very limited
venting benet since heat will bank up against the ceilings. In multiple-
story buildings, exterior windows may be the only practical means of vent-
ing of all but the top oor.

ReLeasBVIETHODS

It is essential that release of the venting facility be automatic in operatiimte e
nate the uncertainty of the human element. The release should be relatively simple
in design and independent of electrical power since electrical servigdsennater
rupted by the re.

Automatic operation is best secured by a simple linkage with a fusible link in
connection with counterweights, and associated equipment, ngilthie force of
gravity for opening the vents. It is permissible to utilize the vents of noreméilas
tion by means of motor-driven or manually operated shutters, dampezss,cand
like equipment.

However, an automatic release is still essential and must be capable afgeleas
the vent independently of any other device.

Release devices which permit automatic opening from intpraeasure are unede
sirable over occupancies which are susceptible to water daWeags.so equipped
may open as a result of pressure differential during wind and rain storthsrifias
having jurisdiction should be consulted.

VENTING RATIOS

The following ratios of effective area of vent openings to ooeasr should be
provided for the various occupancy classi cations:

1. Low Heat Release Content: 1:150
2. Moderate Heat Release Content: 1:100
3. High Heat Release Content: 1:30 to 1:50

ExpLosioN HAZARDS

In any proposed use of a suppression system where there is a possibility-that per
sonnel will be in locations receiving a suppressant discharge, suitdbtpiards

shall be provided to ensure prompt evacuation. These may include, but are not
limited to, personnel training, warning signs, discharge alarnt,tlaa use of
breathing apparatus.

DETERMINATION OF D EFLAGRATION CHARACTERISTICS

The design of a suppression system is based upon the (a) rate of pressure rise, and
(b) rate of burning, and so forth, of a de agration during its incipient stagéngive
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testing has been accomplished on a wide range of materials, but as new materials and
processes are developed, tests shall be performed on them.

DETERMINATION OF HAZARD TO BE PROTECTED

A thorough hazard analysis shall be performed to establish the type and degree of
explosion hazard inherent in the process. Such factors as the type and ratie of com
bustible and oxidant, total volume to be protected, critical operatingticomsg and

so on, shall be reviewed, as well as possible malfunction situations thaffawty a

the extent of the hazard. It is vital that this analysis be as extensive and complete as
possible to ensure that maximum protection is provided by the suppresstiam.s

EXPLOSION PREVENTION SYSTEMS

Detecting an incipient de agration can be done by sensing either the pressure
increase or radiant energy from the combustion. Temperature sensoosraa#iyn

too slow for use in a suppression system. Under unusual circumstanceggrhowe
this method of detection may be applicable, but tests shabdfermed to con rm

the effectiveness.

Detectors which respond to a rate of pressure rise from the incipient deoagrati
are applicable where pressure uctuations are encountered in the proaessnC
shall be exercised using this sensing mode to ensure that suf ciently edpition
is achieved over the entire ammable range.

Static pressure detectors are used where a constant pressure level isktasbal
detection response is essential, along with maximum pressureviignBiadiation
sensors are used as detection devices for suppression systems uriglecispet
stances. The complexity and extreme sensitivity of such devices requingtete
engineering analysis to ensure proper operation.

EXPLOSION SUPPRESSION SYSTEMS

Explosion suppression is a technique by which burning of a con ned reixsur
detected and arrested during its incipient stage, preventing denxsiopf pressure
which could result in explosion.

The suppression system shall be capable of sensing the predominanterier
tic of the incipient de agration. Careful consideration is necessary whagrileg
systems for facilities where chemical or other processes may induce a wat®mari
in pressure and temperature conditions to ensure that the detection degtans
correctly over the entire range of typical conditions. In taldi the selection of
the suppressant shall be made with consideration of the possible chemitahreac
between it and the materials that may be encountered. Proof of the compatibility of
the suppressant shall be established.

After the type of equipment that will comprise a system has bealisbed, the
proper location of detectors and suppressers shall be deéetniihe necessity for
rapid detection and high-speed dispersion of the suppressant requéfes stady
for the proper installation of the suppression equipment.
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Explosion suppression systems can be used where combustible gases,rmists, o
dusts are present within enclosures and where the suppressant can belgffectiv
distributed. The following may be protected by explosion suppresgtenss:

e Processing equipment, such as enclosed reactors, mixers, blentiens, p
izers, mills, dryers, ovens, lters, screens, dust collectors, and so on.

e Storage equipment, such as atmospheric or low-pressure tanks, pressure
tanks, mobile facilities, and so on.

e Material-handling equipment, such as pneumatic and screen conveyors,
bucket elevators, and so on.

e Laboratory and pilot plant equipment, such as hoods, glove boxes, test cells
and equipment indicated above.

There are limitations in the use of explosion suppression systems, whidth shou
be recognized. Such limitations involve the nature, size, and geometry ofithe eq
ment to be protected and the physical and chemical properties of the reactants.
Applications of suppression systems require careful study because of thiedakch
complexity of the hazard.

ExpLosION VENTING

Vents do not prevent the occurrence of a de agration, but are intended to limit
the damage from the pressure generated by the de agration. This guide applies to
the de agration of combustible dusts, gases, or mists when mixed with air during
manufacturing operations and storage. Typical examples of industuigh®ent to

which this applies include crushers, grinders, pulverizers, siewexns, bolters,

dust collectors and arrestors, conveyors, screw feed conveyorgt lekators,
dryers, ovens and furnaces, spray dryers, blenders, mixers, duets,lpis, silos,
spreaders, coating machines, and packaging equipment.

VENTING DEFLAGRATIONS

A vent in an enclosure (building, room, or vessel) is an opening througi whic
newly formed or expanding gases may ow. The purpose of the vent is to limit the
maximum pressure from a de agration in order to limit damage to the enclosure.
Extensive destruction may result if combustion occurs within an emeléso weak
to withstand the full force of the de agration. An ordinary building Iw@8tnch
brick or an 8-inch concrete block) will not withstand a sustained interes$ypre as
small as 1 psig (144 Ib per sq ft or 6.9 ka).

Unless the enclosure is designed to withstand the maximum pressuragesult
from a possible de agration, venting should be considered to miniminage due
to rupture. The area or the vent opening must be suf cient to limit pressuregbuild
to a safe value. Combustion venting of an enclosure normally implies tthéonemt
in such a manner that the maximum pressure development is low. The maximum
pressure should be lower than the pressure which the weakest buildingturatru
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member can withstand. The weakest building member may be a wall, roof, or oor
of the enclosure if it is elevated. On equipment, the weakest section may be a joint.

DEescripTiONOF VENTSAND VENT CLOSURES

The vents described in this section have been designed or developed &bedke r
of pressure effective only in de agrations in which explosions of dusts esgaay
occur. In most cases, the described vents are effective only in de agratiohi&n w
the rate of pressure rise is moderate and where, in large enclosures, only a part is
involved in the de agration. The devices described are not geystatable for pre
tection of pressure vessels, which is outside the scope of this guide, notdatipn
against pressure.

Some types of vent closures are commercially available and may be purchased
ready to install in buildings or equipment. The following descriptionslsibe used
as the basis for development of suitable vents and vent closures, whictowidlepr
the desired protection.

Open or unobstructed vents are the most effective vents for the release-of de a
gration pressure from enclosures. They provide an unobstructed gpidoimever,
there are comparatively few operations with inherent de agration hazardsihze ca
conducted in open equipment installed in buildings without walls. Ottere $orm
of vent closure must be provided to protect against the weather, to conserve heat,
to bar unauthorized entry, to preclude dissemination of the combusigerial,
or to prevent contamination of the product by the entrance of dirt or moistuare fro
the outside. Open equipment is recommended wherever a more serious de agration
hazard is not created through dispersion or dissemination of the material aed wher
closed equipment is not necessary to prevent contamination of the material.

Louvers—Although openings containing louvers cannot be considered com
pletely unobstructed vents, they do provide a large percentégespace
for the release of de agration pressure and have served effectively as vent
They are recommended especially as wall vents where windowsotare n
required to maintain controlled atmosphere conditions within the -enclo
sures. Louvers can be used effectively as vents where it is necessary or
desirable to prevent unauthorized entry or egress. However, compensat
for pressure drop must be considered.

Hanger-Type Doors-Large hanger-type or steel curtain doors installed in
side walls of rooms or buildings can be opened to provide unobstructed
vents during the operation of any process or equipment in which there is an
inherent de agration hazard. Such doors can be closed to prevent unauthor
ized entry when the equipment is unattended or not in operationtyjta
of venting has been effective and is highly recommended, but strict super
visory control is essential in cold climates to ensure that employees do not
sacri ce safety for comfort by keeping the doors closed during operation.

Open Roof VerntsLarge roof openings protected by weather hoods can serve as
de agration vents on one-story buildings or the top story of a multipleg-stor
building. This type of venting is effective particularly where ligtitem-air
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gases may escape from processing equipment and create a hazard near the
ceiling of the enclosure. In addition to serving as vents for the release of
pressures, such roof openings reduce the possibility of a dd@yhst pro
viding a channel through which the gas can escape from the building.

Closed or Sealed VertsNhere large openings cannot be permitted in a
building, the most desirable arrangement is an isolated single-staday bui
ing. Such a building can be most easily designed for explosion resistance
and venting. Equipment which requires venting should be located close to
outside walls so that ductwork, if necessary, can be short.

Building vent closures are necessary in air-conditioned plants oeiest is
provided for the comfort of occupants during all or part of t@ryVent closures
are required on processing equipment whenever it is necessary to retaingasst o
or where processes are conducted under pressure, vacuum, or otheledaatimmb
spheric conditions. The fundamental principle in the design of vent ciosutieat
the vent will open at as low a pressure as possible. It should have no countstweigh
counterweights add to inertia.

INSTALLATION OF UTILITIES AND SERVICES

Most building codes de ne building utility systems as those systemsrinasaen

tial to the functioning of a building for its designed purpose and that ngrreaikin

with the building if the owner or tenant moves out with or without his machinery or
other equipment. Building utilities include all parts of the utilities upnibiaclud

ing the tie-ins to the corresponding utility systems that have been or willtabads

to serve particular equipment or operational needs. Building utilitgersgsdo not,

in general, include any part of the auxiliary systems.

All building utility systems have one re safety requirement in common.
Whenever the utility design requires piercing a necessary re barridis,(wors,
roofs), the design should be such that the essential integrity of the re barrier i
maintained. You should be careful to see that poke-through assembli¢ddeanh
a re barrier.

Plant utilities and services that are to be discussed include the following:

1. Electrical installation

2. Gas piping installation

3. Elevators, dumbwaiters, and vertical conveyers

4. Rubbish chutes, incinerators, and laundry chutes

5. Electronic computers and data processing equipment

B ECTRICALINSTALLATION

With all electrical systems, be certain that the proper types of protectigumeant
have been installed and are being maintained and that adequate re pnoigcti
present. Electrical wiring and equipment installed shoulish la&cordance with the
NFPA 70: National Electrical Code
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GAs PPING INSTALLATIONS

Modern gas systems serve many types of uses, including central heatiegspro
ovens, chemical laboratories, and unit heaters. The pressure in a system may vary
from low to high, depending on operating requirements. The vargiopressure
may be great enough to require the provision of special control equipment.

Building gas systems are valuable tools in any industrial society ifletsnd
used properly and maintained with due regard to the explosive and re pbtentia
Misused, they can be the source of major disasters that could have been avoided by
proper attention to a few fundamentals.

Equipment utilizing gas and related gas piping should be installed in aocerd
with NFPA 54: National Fuel Gas Coder NFPA 58: Lique ed Petroleum Gas
Code Existing installations may be continued in service, subject to agprguae
authority having jurisdiction. Review all national re codes publishedhieyNFPA
that pertain to this subject matter, as there are several standards that mégdigeapp

B evators DumBwAITERS AND VERTICALCONVEYERS

Elevators, passenger and freight, including the power supplies tlagsetdmost always
considered 100% building utilities. Exceptions to this rule are fewatéles located in
mechanically pressurized vestibules or smokeproof towers can be used biitees g
for rescue and suppression operations and by elderly and handicapped fogrkm
ited emergency escape or movement to a refuge area. Elevators are nornggi@ddesi
to move a certain percentage of the building population during the peak 5 minutes o
elevator demand, not to move everyone when they try to leave at the same time. Under
these design conditions, complete evacuation of buildings by elevataidstake 20 to
45 minutes for of ces, 1 ¥4 to 1 % hours for apartments, and ¥ to 1 ¥ hours for hotels.
Elevators shall not be considered an exit component. (Exception: when-spec
cally permitted by individual occupancy [Chapters 7 throlgtof theLife Safety
Code, NFPA 1Q1Chapter 7: Building Service and Fire Protection Equipment:
Section 7-4, Elevators, Escalators and Conveyors], and when measures- satisf
tory to the authority having jurisdiction are taken to provide smoke ddotrthe
elevator shaft.) Elevators shall be installed in accordance witBafety Code for
Elevators, Dumbwaiters, Escalators, and Moving W&K$S| A17).
Vertical conveyers, including dumbwaiters and pneumatic conveyenng vart
ous stores in a building, should be separately enclosed within walls oioparitit
accordance with the provisions of Section &NEPA Life Safety Code 1,@@hapter 6:
Features of Fire Protection. Service openings should not open to anmiie 8per
ings, when required to be open on several stories at the same time for purposes of
operation of the conveyer, should be provided with closing devices, whiatiose
all service doors upon activation of smoke detectors, which are locatde arsi
outside the shaft enclosure in locations acceptable to the authority haisdgjion.

RuBBIsH CHUTES INCINERATORS AND LAUNDRY CHUTES

Each rubbish chute or chute to an incinerator should be separately endkbsed w
walls or partitions in accordance with the provisions of Section BFBA Life
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Safety Code 10Dpenings serving chutes and incinerator ues should be protected
in accordance with Section 6—1. Doors for such chutes or incinerator uelsl stod
open directly to an exit, corridor, or normally occupied room, but shqéd to a
separated room or closet. The room or closet should be separated from other spaces
in accordance with Sections 6-5 and 6—6 olliifec Safety Code

Laundry chutes should be enclosed and protected in the same manner as rub
bish chutes. Rubbish chutes, laundry chutes, and incinerators shonsddiled and
maintained in accordance withFPA 82: Incinerators and Handling Systems for
Waste and LinerExisting installations may continue in service, subject to approval
of the authority having jurisdiction.

B.ecTrRONICCOMPUTERED ATA PROCESSINGEQUIPMENT

With all business operations now depending much more on computers arahilect
equipment that is very expensive to purchase, this equipment should bedmstspe

ci cally designated areas. Computer and data processing equipment mayan@ge
when exposed to elevated, sustained ambient temperatures. The follawmgrszes
expected damage to computer equipment exposed to elevated temperatures

1. Damage to computer equipment may begin at a sustained ambienetemper
ture of 175°F (79.4°C), with the degree of damage increasing with further
elevations of the ambient temperature and exposure time.

2. Damage to magnetic tapes, computer disks, and other computer storage
media may begin at sustained ambient temperatures above 100°F (37.8°C).
For this reason, such computer storage media are normally stored in a sepa
rate room next to the computer room. This falls umdielPA 75: Standard
for the Protection of Electronic Computer/Data Processing Equipment
Damage occurring between 100°F and 120°F (48.9°C) can dgnleeal
reconditioned successfully, but the chance of successful reconi
lessens rapidly with temperatures higher than 120°F.

3. Damage to disks may begin at sustained ambient temperatures above 150°F
(65.6°C) with the degree of damage increasing rapidly with further-eleva
tions of sustained ambient temperatures.

4. Damage to paper products may begin at a sustained ambient temperature of
259.1°F (176.6°C). Paper products that have not become brittle willFgener
ally be salvageable.

5. Damage to microIm may begin at a sustained ambient temperature of
225°F (107.2°C) in the presence of steam or at 300°F (154.4°C) in the
absence of steam.

Because computers and other electronic equipment are susceptible to +e dam
age and the heat, steam, and combustion that follow, re protection of this equip
ment is of critical importance. Once management commits itself to a program of
dependency on any such equipment, simple economics dictates doing alwvay wit
former methods and procedures. The personnel, equipment, and facibtias a
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longer available to pick up the load assumed by the data processing equipment if it
is put out of operation by re or other unforeseen occurrences. Often, the asgjor |
caused by disruption of the computer operation is from business interrugitien r
than from the actual monetary loss represented by the equipment itselfghlthe
latter may run into millions of dollars.

Electronic computer/data processing equipment should be instaltedhain
tained in accordance witNFPA 75: Standard for the Protection of Electronic
Computer/Data Processing Equipment

HEATING, VENTILATING, AND AIR CONDITIONING

Heating appliances are causes of concern for the safety professional bechase of t
temperature at which they operate—above the ignition temperature of mani mater
als. Also, there is always the hazard of unburned fuel discharging or the explosion
of the fuel. The best approach is to keep combustible materials excluded from the
spaces to be protected. There are three methods of minimizing the risks associ
ated with combustibles: (a) containment, (b) ventilation, and (c) pur@imgously,
it is important to have a basic understanding of the fuel the business uses when
one is establishing a re prevention plan. (More information may be founilein t
Fire Protection Handboqgk18th Edition, Explosion Prevention and Protection,
Section 4/Chapter 14.)
Fuels are either solid, liquid, or gas. Some solid fuels are coal, wood pellets,
charcoal, briquettes, peat, bagasse, and sugar cane. luglgdvould include fuel
oil or alcohol. As each fuel has its own method of ring, the wise safety professio
would need to investigate the properties of the fuel being used. Additionally, he o
she must study how that fuel is stored and then transported to theylamiliance.
Explosions within reboxes are not common, but if they do oestreme damage
can follow. Therefore, one must protect against the uncontrolled ow of aebur
fuel into appliances. This may be done through the use of varipas bof controls,
which are often mandated by law. Some types of controls are:

¢ Primary safety controls

e Air fuel interlock

e Pressure regulation and interlock
e Oil temperature interlock

e Manual restart

¢ Remote shutoff

e Safety shutoff valves

e Safety control circuits

As each appliance is different, so is each control. They all have their @ositiv
and negative aspects in terms of re potential. Proper checks and maimtefanc
these pieces of equipment would be the foremost precaution in existing egfipme
Proper selection of such in a newly constructed facility would be, of &onrsst
desirable. When discussing air conditioning and ventilating, oneldsheier to
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NFPA 90A: Installation of Air Conditioning and Ventilating Systefos details;
however, a brief look at the topic follows. All systems of this satikhbe designed to:

¢ Avoid any combustibles within the duct system, including lters, dungir§,
and the duct construction itself.

* Avoid combustible exterior duct insulation.

* Prevent the passage of smoke and re through the ducts.

e Maintain the integrity of re and re-barrier walls where penetrated by ducts

e Maintain the integrity of oors where penetrated by ducts or connectors.

There are several different types of air conditioners, all which suppgnayve
air naturally or mechanically. The main system (i.e., fans, heaters, ltery, etc
is located in an area cut off from the rest of the facility by walls, oors, and ceilings
that provide a minimum re resistance rating of 1 hour. Such an arrangement will
keep a re from spreading to other areas for the speci c rating period.

Fresh air intakes of a system must be strategically located, as undesirate outs
air could be drawn in and spread throughout the building. If that is thedsspers
that can be controlled by re and smoke detectors should be installed at the.iAwke
smoke generally rises, intakes installed low lessen the possibilitsveiird) in smoke.

Air cooling and heating equipment poses two basic hazards: electrical agd refr
erant. Therefore, proper installation is a must. For furtherimdtion, refer to the
National Electrical Code and the Safety Code for Mechanical Reftigera

There are three types of air Iters and cleaners used in air conditioning and ven
tilating systems: electronic air cleaning, renewable media, andisbneedia units.

All remove particulates from the air and if not cleaned may ignite and spre&d smo
throughout the entire system. For this reason, smoke sensors shoula ltediand
proper maintenance must be a top priority.

In areas where smoke control or exhaust systems are required, they sheuld con
form to the requirements of the building code authority having jurisdidiéiA
92A: Smoke-Control Systejn

Ducts to any ventilating system can become a means of distributing smoke if pre
cautions are not utilized. As ducts probably will pass through a wall, ogeibng,
regard for re stopping must be considered. Dampers offer actefé method of
controlling this potential hazartNFPA 90A: Installation of Air Conditioning and
Ventilating System&0:440) provides whatever information one may need in order
to protect buildings in this way.

MAINTENANCE

Repair service includes periodically recurrent inspectionbstests required to keep
the heating, ventilating, and air conditioning system and its componédatfphy
operational at all times, together with replacement of the system or its components
when for any reason they become undependable or inoperable.

The key to safely operating air conditioning and ventilating systems is the imp
mentation of a maintenance program. Check the condition of the Iters and-electri
cal wiring and examine air ducts for dust and lint. Additionally, while inspgc
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the equipment, the maintenance crew should look for signs of rust and corrosion,
especially on moving partdNFPA 90A: Installation of Air Conditioning and
Ventilating Systens

SUMMARY

In order to meet the standards presented here, safety professionals must be able to
utilize various resources. It is imperative they have ready access to the N#d2A co
mentioned in this chapter and have a working relationship with various somm

nity resource personnel. The state re marshal, local re depamt, city build

ing inspector, and local building contractor each have their own area ofisgpe
Utilizing these resources can enable the practitioner to garner ineluaiwledge

on the subject.

The key to re control is, of course, prevention. Prevention can be highly ut
lized in any construction. Here, the safety professional bene ts from thehfat
the systems discussed in this chapter are required by law to ful Il certéeniari
Thus armed, the safety professional can formulate programs which will pregent
(Whitman, 1979). After a facility has been erected, careful maintenandeireed
with an effective re prevention plan is imperative.

ADDRESSES

Building Of cials and Code Administrators International Inc.
4051 W. Flossmoor Rd.

Country Club Hills, IL 60478-5795

(708) 799-2300

Council of American Building Of cials
5203 Leesburg Pike, Suite 708

Falls Church, VA 22041

(703) 931-4533

International Conference of Building Of cials
5360 S. Workman Mill Rd.

Whittier, CA 90601

(213) 699-0541

National Conference of States on Building Codes and Standards
505 Huntmar Park Rd., Suite 210

Herndon, VA 22070

(703) 437-0100

Southern Building Code Congress International
900 Montclair Rd.

Birmingham, AL 35213

(203) 591-1853
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World Organization of Building Of cials
Site 18 Box 31 SS1

Calgary, Alta. T2M 4N3

(403) 268-3441

Study Guide Questions

1. What factors should be considered in plant layout and why?

2. What factors should be considered in determining a plant location?

3. Where would the safety professional nd pertinent inforamain con

struction materials and why is this information necessary?

4. What are the three different classi cations of re retardant roof cogsrin

according to Underwriters Laboratories, Inc.?

5. What are the three classi cations of occupancies under which induséries a

categorized according to fuel available for contribution to re?

6. Plant utilities and services include computers and data pragesgiip
ment. When thinking in terms of a re prevention plan, what special fea
tures should be included for this equipment? Why?

. Floor design is an important factor in planning re safety. Why?

8. What are the classi cations for openings when considering re doors
and windows?
9. What is the one re safety requirement that all buildingtytdystems have
in common? Explain.
10. At what point in building construction should re safety be impleednt
What follow-up actions should be taken?
11. What is re loading? How does one determine re loading?

~

Case Studies

1. You are the safety professional for a manufacturing rm. The rm has pur
chased an older plant. The management wants you to make the facility re safe.
What problems might you encounter? Develop a plan of action for the facility.

2. Your company is considering expanding into a new location. Ths will
require the building of a new facility. Develop recommendations for con
struction of the new facility.

(These case studies can be discussed in groups of two or three students.)
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6 Fire Detection Systems

L O
After completion of this chapter, the reader should be able to:

. List the four elements of a re.

. Distinguish between re and non re radiation with an effective ameder.

. List the three classes of automatic re detectors.

. Determine factors necessary when selecting an appropriateectidesystem.

. Discuss why photoelectric detectors are relativelgigea to smoke from
smoldering res.

. List at least three factors a safety manager should look at when geectin
re detector for a particular structure or location.

. Explain why an air sample is drawn into a detector from the air transgternsy

. Know the reason for Underwriters Laboratories classifying theoke
detectors as either the ionization type or photoelectric type.

» O WDNE

® ~

Automatic re detection systems allow the presence of res to be detecteklyqui
Quick re detection is paramount to life safety and property conservefieveral
types of re detection systems are available on the commercial market. ygech t
of system has its own advantages and disadvantages. Thisralespws the basic
types of re detection systems.

Special hazard re protection equipment provides versatile, reliald cost
effective re protection that can help your enterprise, whielmslates to less inter
ruption to the business and to your customer base. Alarm devices such asyspecialt
alarm devices that would include horns, bells, strobes, dhstations will provide
a cost-effective reliable detection system. Last, the need is to implandetection
system that delivers the earliest detection capabilities to places winsentonal
smoke detectors are not effective.

AUTOMATIC FIRE DETECTION SYSTEMS

A re detection system is a system composed of numerous components and assem
blies. Its purpose is twofold: detect the presence of a reimitidte a warning to
building occupants. The presence of a re is detected by sensing the bytprofiuc
combustion or heat production. Once a re detection system senses the @senc
re, it transmits an audio and visual alarm (bells and ashingtfpto the building
occupants. Upon receiving the alarm, the occupants have time to evacuateefrom t
building. Some re detection systems also transmit a signal that can summon the
re department.

The most basic re detection system is a person in good mental and physical
health. People can detect the presence of a re via their senses and warn others of

113
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the impending danger. People are, however, unreliable tect®s because they
are not always present in a building when a re starts. Even when they are present,
people may be unable to comprehend and evaluate the rst signs of a re.

A more reliable re detection system is an automatic system. Automatic re
detection systems respond by transmitting signals through a pneunteticice
hydraulic, or mechanical communications system. Fire detectors aignetes
to respond to a re when the physical-chemical conditions exceed predetermin
response thresholds. Fire detection systems initiate an audibkg-gignal to alert
the building occupants and/or the local re department when the physicaladiemi
condition exceeds the predetermined response threshold.

Problems may occur with automatic re detection systems. These systeras do n
have the capability to determine the cause of a re nor a re’s intensity. False alarms
can also become a problem due to a system’s inability to evaluate conditions. False
alarms are not normally caused by a shortcoming of the system itself. Improper
system selection, random placement of detectors, poor installatidinuman error
are more common causes of false alarms.

Automatic re detection systems are designed to respond to one or all of the
three major physical-chemical processes involved in the coores$ienergy and
matter during a re. During a re, a particular physical-chemical envirortnigen
created. This process produces three major byproducts: thermal, eagligtion,
and airborne particulates. The three classi cations of re detectorstedidp
NFPA 72: National Fire Alarm Codere based on heat, ame, and smoke detection
(1993). The thermal energy produced by a re causes both a laminar and turbulent
air ow. This heated air movement is detected by a thermal detector desigrudid to a
vate when the temperature of the air has reached a predetermined threshold. Radia
tion is also produced by a re in the ultraviolet spectrum below 4000 Angsirom
the visible spectrum between 4000-7000 Angstrom, and in the infrareduspec
above 7000 Angstrom. The radiation given off by a particular re depends on the
intensity of the re and the type of materials being burned. Flame deteater
designed to detect both ultraviolet and infrared radiation (Grabod8R2). The
third byproduct of a re is airborne particulates. These particulates ayecdeand
usually range in size from 0.01 to 10 microns. Airborne or smoke particléleisma
than 5 microns are not visible to the human eye. Smoke detectors respond to both
visible and invisible particles. They are classi ed as either ionizipg tyr phote
electric type by Underwriters Laboratories.

Automatic re detection systems can function not only as alarnesysstor build
ing occupants, but they can perform many other functions. Fire detecttemsys
can function as initiating releasing devices for extinguishing sygstertinguishing
systems might include carbon dioxide systems, clean agent sydidoye sprinkler
systems, and pre-action sprinkler systems. Underwriters Labesalists re detee
tion systems that can be used as releasing devices. Factorgl lppuoves similar
devices and systems. Fire detection systems can also be designed to closesye d
shutters, and dampers, as well as open circuits to equipment, prestirizells
enclosures, and trigger venting mechanisms.

Fire detection systems can also automatically notify the re department or
an organization’s re brigade. This type of con guration can save valutible
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responding to a re. Con gurations can range from a proprietary alarm thas ale
occupants on the property to summon the re department to a signal being trans
mitted to a centrally monitored station located off site. Off-site mangoof the

re detection system allows the property to be constantly monitorea, when

the property is isolated or unstaffed. Centrally monitored re deteslystems can

help an organization realize cost reductions in insurance premiuntsriFsititual
Engineering Corp., 1971).

Several considerations should be analyzed prior to incorporating a eetibet
system into a re safety management program. First, the re load, hazards, and
probable re characteristics should be evaluated. For example, is-spfasiding,
ammable liquid re expected or a slow, smoldering re in stored rolls of pape
Next, activities normally conducted in the building should be analyzeettr d
mine which ones might generate smoke or products of combustion. Cornsitkerat
might include welding activities, waste incineration, or processascreate raeli
ant surfaces. Third, the air ow within the building should be analyzed. Such a
analysis can be helpful for properly selecting and placing detectorsciaibp
smoke detectors. Fourth, a delay time for detection should be determheetime
necessary for evacuating the building, notifying re ghters, or acigatin extin
guishing system should be computed. Finally, the cost of re detectiensyshust
be analyzed in order to provide a reliable, yet cost-effective, re detestistem
(Grabowski, 1972).

RADIATION DETECTORS

Flame detectors activate in response to radiant energy generated by the ame or
combustion. Two types of ame detectors are commonly used. They include ultra
violet (UV) detectors and the infrared (IR) detectors. Figures 6.1 @nitlustrate

these detectors.

FIGURE 6.1 Ultraviolet ame detector. (Courtesy of Cerberus Pyrotronics.)
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FIGURE 6.2 Infrared ame detector. (Courtesy of Cerberus Pyrotronics.)

Infrared detectors operate at wavelengths above 7000 Angstronefarbethey
operate ef ciently when separated from the ame by height and distance. bhfrare
ame detectors are often used in large, open, hazardous areastiviier is a pes
sibility for an immediate ame producing re such as a ammable liquid re. The
wavelengths visible to the human eye range are between 4000 and 7000mMngstro
or from violet to red on the color spectrum. Flame detectors discriminateenetwe
re-induced optical radiation and natural or arti cial illumination. Thelipto dis-
tinguish between re and non re radiation is an essential feature of anieffeamme
detector. An infrared detector has a lter and lens systanhdtreens out certain
wavelengths and focuses infrared waves on a photoelectric cell.ebhfdatectors
respond within 50 to 100 milliseconds to a 1-square-foot re at a distance @25 f

The sensing element in an infrared ame detector varies but is usually a lead
or cadmium sul de cell or silicon solar cell. Infrared detectors are dedigvith
time-delay units to give the unit time to determine the icker frequency of the
infrared radiation. Fires characteristically have ickeedquencies between 5 and
30 hertz. The time delay needed for determining the ame icker frequency is
between 1 and 30 seconds. This time delay allows for maximum ignition sowdrce a
detector separation (Bryan, 1974).

The sensitivity of an infrared ame detector varies with design. Actinadicthe
ame detector depends on the time delay, the response sensitivity, and theetiomi
intensity of the ames. The infrared ame detector alarm is activated when the level
of illumination intensity of the ames reaches approximately 12 cycles pendeco

The illumination intensity of diffusion ame combustion in a free-burningesiat
usually between 5 and 25 cycles per second. A general rule of thumb when eyaluatin
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infrared detector needs is that as the wavelength spectrum of the sgnsitigie
is increased, the degree of response sensitivity is decreased. &tigtit sources
such as incandescent lighting xtures are usually modulated at aboutd2® per
second and therefore will not activate the detector (Bryan, 1974).

While broad-spectrum infrared detectors can respond to solar radiation
engines, re ections, lamps, and changes in humidity, they have also lfecivef
in shielded locations such as vaults. The reliability of imfdadetectors has been
improved by lters within the detector that allow the device to focus on thatiadi
given off by hot carbon dioxide, a product of combustion. Some infrared alstect
have a second sensor set for an intensity, which helps differentiate hefvasne
res and interfering sources. By comparing the two signalsalviiiy is increased
and false alarms can be reduced (Larson, 1985).

ULTRAVIOLET FLAME DETECTOR

The ultraviolet ame detector is designed to operate on the ultraviolet evetbk
below 4000 Angstrom. These wavelengths are primarily emitted by higkasity
ames. Most res will have ames of suf cient intensity to produce waveldrgin

the 2800-3000 Angstrom range. A major problem of ultraviolet ame deteigo

that radiation from sunlight may be as low as 2900 Angstrom, which could cause
false alarms (Bryan, 1974).

There are ultraviolet detectors that have been designed to respondrduced
optical radiation below 2900 Angstrom and not to respond to solar radiation at the
same levels. One of these designs is the gas-discharge-type unit. This unérhas be
tested and found effective to the 2850 Angstrom level. Another effecpeeidythe
photosensitive silicon carbide diode. The photosensitive silicdndeadiode detec
tor is very effective in enriched oxygen atmosphere at high pressure, but ttterdete
still has dif culties with non re radiation. These types of detectors acelient as
explosion suppression system activators. One other type of ulttadéértor that
has been tested and found effective is the molybdenum crystal detector.

Ultraviolet ame detectors are designed and developed for spesgiadipplications
where the detector is relatively close to the expected ignition sourceiidiitaame
detectors have been successfully used in explosion suppressiomssysteas releas
ing devices in hyperbaric chambers for water suppression systems. @etdhe
ultraviolet ame detector’s sensitivity, the detector can be atelyr set to respond
to the ultraviolet wavelengths produced by the specialized expecigdngources.

Ultraviolet and infrared ame detectors are sensitive devices and theament
should be based on an engineering survey of the conditions to be anticipdited an
the principle of operation. It is recommended that ultraviolet ame deteotutrbe
placed near locations where arc welding, arcing from eleowieriotors, germicidal
lamps, or other sources of ultraviolet radiation are likely to be found. Alfe; i
red ame detectors should not be located near infrared lamps, matchestteigare
lighters, or other sources of infrared radiation, or where the ambientregomeeis
above 170°F.
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THERMAL DETECTORS

The design of thermal detectors permits them to operate from thermal output or the
heat from a re. Laminar and turbulent convection air currents disperse thedmat fr
the re throughout the area. Turbulent air ow is induced and regulated by the re
plume thermal-column effect of rising heated air and gases above the aeesurf
Knowledge of re-induced thermal dispersion is important, because thefriagao
production from a re and its distribution within an area are essential tothect
placement and operation of a thermal detector. Two of the main hazards associated
with res are thermal radiation and smoke and this is where the thermal detector
aids the safety practitioner in determining what to do in abating the problem.

Fires produce heat products, which are convected energy output, atelasib
invisible particulate matter. The heat products warm the air surrounding adre an
the air expands, becoming more buoyant, and it begins to rise. The risingresiefor
thermal column or re plume. The re plume rises to the ceiling where it is converted
into a ceiling jet and radiates gas ow in various directions and distanaesiode
ment surrounding a re is both vertical and horizontal. The re plume charstitsr
and ceiling jet ow of turbulent convective heated gases are determined katehe r
of heat release of the diffusion ame combustion and the height of the ceitiage T
are many other factors in determining the placement of thermal detectdrastou
understanding of air ow is very important (Bryan, 1974).

There are two basic designs of thermal detectors and two other variations .of these
The two basic designs are xed-temperature and rate-of-rise detecemsi(FI979).

Fixed-temperature thermal detectors are highly reliable, stable, asydte
maintain, but are not very sensitive. There are two basic types of xed-tape
thermal detectors. The spot detector (Figure 6.3) is a xed-temperdiemeaal

FIGURE 6.3 Thermal re detector. (Courtesy of Cerberus Pyrotronics.)
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detector that involves a relatively small unit with a heat responsive element co
tained within the unit. When the xed-temperature spot detector goes off, it must b
renewed. Spot detectors are meansfmwtdetection or use in a small area.

Another xed-temperature detector is a line detector. The line wetés a
thermal-reactive element located along a line of thermal-sensitive witeioigt
Line detectors are electrically operated and activated byetemnype. The line detec
tor can be tested and reused after a re if it has not been physically damaged by the
re (Grabowski, 1972).

Where a relatively fast re is expected, the principal type of thermal detéetor t
should be installed is that of a rate-of-rise detector. This detector eperaen the
re plume raises the air temperature in the area at a rate above a speci ed threshold,
usually at the rate of 15°F per minute. If the temperature of the re does not exceed
the threshold of the detector or develops slowly, the detector will not sensethe

Rate-of-rise units should not be placed where they will be affected by the build
ing’s heating system. Therefore, they are not recommended for use in warehouses,
shipping areas, and hangars. Rate-of-rise detectors are often useguirctoam
with xed-temperature detectors for spot detection.

Rate-of-rise detectors are usually designed to operate either eleatisooir
pneumatically. The rate-of-rise detectors that are operated pneumatieatiften
utilized as a releasing device for the operation of automatic extinggisyrstems.

A new type of thermal detector is the rate-compensated detector. The rate-
compensated detector is sensitive to both the rate of temperature risé asthel
xed temperature. The rate-compensation detector is designed to elinhimétetmal
lag found with a xed-temperature detector, as well as the problem of false alaams a
risk of missing slow heat-released combustions that plague the rate-ofteisede

SMOKE DETECTORS

Smoke detectors respond to the visible and invisible products of coorbuEtie
visible products consist mainly of unconsumed carbon and carbon-ritblgsar
The invisible products consist mainly of solid particles smaller thamicrons.
There are two basic types of smoke detectors: the combustion products type and t
photoelectric type.

The photoelectric smoke detector works by passing air through an ehcluse
with a light mounted at one end and the photoelectric cell at the other. As smoke
particles are drawn into the unit and the reduced level of light intensity causes a
unbalanced condition in the electrical circuit to the photoelectri¢c thelldetector
is activated.

The projected or linear beam, photoelectric detector is one of the oldesst, mo
established smoke detectors (Figure 6.4), and the linear smoke dé&tempable
of monitoring over long distances. The light beam may be projected overeaasare
much as 300 feet long. The detector utilizes infrared Iters and modulgtetckdi
minimize extraneous light interference with the receiving unit. Thectigteper
ates when smoke blocks the light beam and reduces the light intensity received on
the photoelectric cell. Projected beam detectors are very effectiveeatinig res
during their early stages (Bryan, 1974).
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FIGURE 6.4 Linear beam smoke detector. (Courtesy of Cerberus Pyrotronics.)

The re ected light beam detector and the projected beam detectomalar si
from the standpoint of operation. The re ected light beam detector candoradi
aspotsmoke detector because of its very short light beam length. The design of the
re ected beam permits it to operate with a beam of light only two oetim&hes in
length. A photoelectric cell mounted at right angles to the light sourcgés Bght
catcher placed opposite the light source, constitute the source of lightitizefo
re ected beam type. The detector is activated by an increase in the intenigjtyt.of |
This occurs when the light rays are re ected by the smoke intchbieglectric cell
(Della-Giustina, 1979).

Photoelectric detectors are relatively sensitive to smoke from enaid res but
react rather slowly to aming res. Another drawback to photoelectricalets is
that they need an electrical source to operate, and therefore thieyite:to where
they can be placed.

The second basic type of smoke detector is the ionization-type, combustion
products detector (Figure 6.5). The ionization-type detet#tects both visible and
invisible particle matter created by combustion. As mentioned earlier imapet,
only particles 5 microns in size or larger are visible to the human eye. Theimmizat

FIGURE 6.5 lonization smoke detector. (Courtesy of Cerberus Pyrotronics.)
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detector is most effective on particles from 1.0 to .01 micron in size. Modtigis
produced by a re are .01 to 1 micron in size.

The ionization detector works off either high voltage (AC), or low voltage (DC),
depending on the design. The unit consists mainly of two electrodes and a sam
pling chamber in the area between the two electrodes. The oxygen and nitrogen
air molecules in the chamber are ionized by alpha particles from the powee.sour
The ionized pair of opposite-sign electrodes creates a minute, eleatricant ow
through the sampling chamber. When the particles from a re enter into the chambe
they reduce the mobility of the oxygen and nitrogen ions. This reduced ioritynobil
causes a reduction in the current ow and the detector is activated.

The ionization-type detector reacts to the velocity of ion mobility movingugh
the sampling chamber. Strong air currents other than from re sources can cause the
detector to activate when the sensitivity of units is high.

lonization-type detectors are designed for both spot detection anechietee
tion. The air duct detectors are mounted either outside the duct area or insiatd the d
itself with an air shield attached to prevent false alarms. Because ionizat@®n-
detectors can operate off of low voltage, such as batteries, and can be placéd almos
anywhere, they are very popular for residential protection. One drividahat
ionization-type detectors respond well to a ame, but they dagively insensitive
to smoldering res. Another type of smoke detector is a combination of twoetitfe
types of smoke detectors, ionization type and resistance byidgeTthe ionization,
resistance bridge detector responds both to abnormal ccetéamdrof primarily
invisible particles of combustion. These are ionized by the radioactiveesin
the sampling chamber. The resistance bridge detector responds to the atkted w
vapor in the air that is produced by a re. This additional water vapor increases the
conductivity of the electrical circuit on the glass plate and activates thealtetec
By combining the ionization detector and resistance bridge detectomualative
effect of both principles is achieved. A second chamber can be added to the ioniz
tion type and a second plate added to the resistance bridge type to compensate for
normal ambient changes.

An engineering survey should be conducted to assess the conditions tizibe ant
pated, and the principle of operation determined, before installing estypk
detectors. The survey should provide for a graphic layout of the detexten@nt by
blueprint design, and should comply with the detector's manufaceremmended
location standards.

In conclusion, there are several factors a safety manager should look at when
selecting a re detector for a particular structure or location. As disdusarlier in
the chapter, the following items should be considered:

1. Type of combustion to be expected (aming or smoldering res)

2. Activities normally conducted in the building that could generatkemo
heat, or ame

3. Air ow patterns within the area to be protected

4. Tolerable detection delay time

5. Cost
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Four other factors should also be considered in choosing a particulatodetec
and they are:

1. Reliability—The ability of the unit to function properly at all times.

2. Maintainability—What and how much maintenance is required to ensure
optimal performance from the detector.

3. Stability—The ability of the unit to sense res over an extended period of
time without a change in its sensitivity.

4. Sensitivity—The time delay required by the unit in sensing a re, and its
activation, without false alarms.

AIR SAMPLING DETECTOR

By the mid-1970s, it became necessary to compensate for the disadvantages of con
ventional re detection technologies. Engineers in Australia credtegampling
detection systems suitable for use in computer rooms, telecommumsciatidities,
of ces, and residences. An air sampling system has an air transpont systes to
remove large dust particles, an optical detector to test the air, an airtpunagve
samples through the system, and a controller to interpret the detectis: resu

An air sample is drawn into the detector from the air transport system. Dust is
ltered out to prevent contamination. The air sample is then exposed to a xdmton lig
and drawn out by an aspirator. The light signal is transmitted to a photaetstkri
and passed on to a control card for processing onto a bar-graph representation of
the smoke level. A stream of air is continuously drawn into and expelled from the
detector (Lavelle, 1992).

Xenon lamps are extremely sensitive to a broad spectral band. The detector is
able to respond to particles of all sizes. Xenon-based air samplindodetace
much more effective than conventional technologies in detecting rreaddern
buildings, which are largely constructed from synthetic materialsli€xihave
shown that xenon-based air sampling detectors respond to a mass of smoke in the
air, independent of particle size, and can be considered the most reldivalidn
measures of re intensity.

Study Guide Questions

1. Name the four elements of a re.

2. Describe the main attributes of an automatic re detection system.

3. What are the limiting factors relating to the function(s) that an automatic
re detector can perform?

4. What are the components of an alarm/detection system?

5. List the three classes of automatic re detectors and give examples of
each class.

6. Differentiate between the three classes of re detectors that wilbsupp
their design purposes.

7. What is the slowest reacting type of re detector? What is the fastest?
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8. What factors should be identi ed prior to choosing an appropriate re
detection system?
9. What are the two types of ame detectors currently in use?
10. Brie y explain how an air sampling detector functions.

Case Study—Fire Incident Everit

Date of Accident: December 31, 1994

Time of Accident: 9:00. .

Location of Accident: Petersburg Hospital, Petersburg, VA
Investigators: Edward R. Comeau, Michael S. Isner
Losses Incurred: Loss of ve lives, major smoke damage

Summary Description of Event

The re began in Room 418 apparently as a result of improper use of smoking
materials, which ignited bedding that included an “air otation” tmessts with foam
plastic padding. The re intensi ed due to the damage to a wall-mountedoxggu
lator. When tested, it released oxygen at normal pressure, which ctedribthe re’'s
fast growth leading to the untenable conditions. The oxygen continuemvtantil a
maintenance person shut off a zone valve that allowed oxygen to ow to sewensl ro
including the patient's room. A nurse discovered the re when the re wasdjre
established in the patient’s bed. The re had not been detected soonesebttene
were no smoke detectors in any of the patient rooms. Smoke detectors ated inc
the corridor at 30-foot intervals. The nurse had to leave thne toond a blanket to try
to smother the re. Upon returning to the room, she tried unsuccessfulljntveehe
patient from the room and put out the re. The re was growing too fast at this, point
and she had to leave the room before being able to extinguish the re or shutrthe doo
Smoke then spread out into the corridor because the door to the room wheee the r
began had not been closed. Smoke also spread into the noncombustible space abo
the ceilings of patients’ rooms on the same side of the hallway as the room of the re
origin. The smoke entered these spaces because the rooms were not coftamou
the oor to the underside of the oor above. Smoke spread from these spachksrto ot
rooms on the same oor.
The switchboard operator initiated the emergency procedures,ingliduilding-
wide, coded announcement to the re department. However, the re degartmas
not contacted until after the re had broken the windows in the patient’s rodm a
was venting smoke outside. This rapid re growth was a signi cant factorarogs
of life and property because it rendered the staff unable to successfufijetonne
emergency procedures.
The Petersburg Fire Department responded to the 911 call that was iretailyed
by the Petersburg Police Department Emergency Communication Cenieln, igrh
the Public Safety Answering Point (PSAP) for Petersburg. The call to thE R&4
answered within 30 seconds with the re department dispatching twoesgirruck,
ambulance, and a battalion chief. The battalion requested a second alarm response a
the last two engines were dispatched. A neighboring community also senkdd
the re.

* From Comeau, E. R. and Isner, M.Hspital Fire Investigation ReparQuincy, MA: National Fire
Protection Association, 1994.
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Damages caused by the re included extensive smoke damage to the south wing of
the hospital and the loss of ve patients’ lives due to smoke inhalation. The toten
Room 418 were completely destroyed.

Post-Response Assessment

Edward R. Comeau, Chief Fire Investigator, and Michael S. Isner, Sen®r Fi
Investigator, investigated and analyzed the re and concluded that libevifm
contributed to the death of innocent lives and the destruction of property:

e Fire discovery was delayed.

e The re alarm transmission to the re department was delayed because the
connection was taken out of service.

e The re was already severe when it was discovered.

* Untenable conditions arose due to the rapid re growth and the rapid development.

e The door between the room of re origin and the corridor was left open.

* Walls between rooms were not continuous from slab to slab.

e There were no sprinkler systems in the room of origin or in the corridor.

In summary, the hospital staff acted in a manner consistent witbnadfiat the
NFPA 101: Life Safety CodandNFPA 1: Fire Protection Coderequired as part
of a hospital's re safety plan. These actions helped reduce the number oftpatie
injured and/or killed as a result of the re. The Petersburg Fire Departta¢ed $shat,
although everything had gone smoothly, they felt that making changes protee
tion hardware could have assisted in the extinguishing of the re.
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L O
After completion of this chapter, the reader should be able to:

1. Distinguish the difference between a wet pipe system and a dry pipmsy
2. Explain how sprinkler systems function and why the system is considered
basic protection.
3. Explain the reason for sprinkler heads to be color coded by their teorpera
rating in accordance witNFPA 13
4. List the four basic types of automatic sprinkler systems.
5. Explain the reason why carbon dioxide is used primarily for ammable and
combustible liquid res and electrical equipment type of res.
6. Determine when maintenance is necessary to keep re protection equip
ment functional.
7. List the three areas that need to be monitored in pressure tanks and why this
is important.
8. Explain why halon is being phased out as a re suppressant.
9. List and discuss the alternatives to replace halon.
10. List and explain the different classes of re extinguishers.

The United States experiences more casualties and property loss due tanrasyh
other industrialized country. According to the National Fire Protecti@o@ation,
4050 were killed in res in 1997. In this chapter, various types of re contgiksys
are identi ed and described. Automatic sprinkler systems, re ghtioams, and
chemical extinguishing agents are explained in order to assist safety nsan#be
selecting an appropriate re control system.

AUTOMATIC SPRINKLER SYSTEMS

In order to extinguish a re, one of four methods can be used. These methods are:

1. Remove the heat.

2. Eliminate oxygen or dilute the oxygen concentration in the burning zone.
3. Remove the fuel.

4. Interrupt the chemical chain reactions.

There are different types of extinguishing agents and each can be effdwive w
applied to res for which they are best suited. When discussing re contr@regst
the automatic sprinkler system should be discussed rst. The automatiklsprin
system is considered basic protection. It is very versatile and can béethstal
protect almost any hazard. Performance records maintained by sndeneonstrate
that sprinklers are the most effective means of con ning a re to its place ohorigi

127
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Many insurance companies recommend that automatic sprinklers béeahstal
buildings exceeding 5000 square feet. The U.S. General Services Atatian
installs sprinklers in all buildings exceeding ve stories in height.

A sprinkler system, as well as any other type of re control system, must incor
porate three basic features for it to be considered a viable means of re-protec
tion. It must (1) detect the presence of a re and transmit an alarm to the building
occupants, (2) con ne the re to the area of origin, and (3) activate without ihuma
intervention. The most important re safety objective is to protect mukifa. A
re control system achieves this objective by detecting the presence ef and
transmitting an alarm that warns occupants of a re’s presence. By waimeng t
occupants, they have suf cient time to safely evacuate a building and surhenon t
re department. The second most important re safety objective is to protegt p
erty. A re control system achieves this objective by applying an exishing agent
that con nes the re to the area of origin. This prevents additional property fro
being damaged by a re. Last, re control systems must be capable of activating
during a re without human intervention. Fire control systems that fometithout
human intervention are termed automatic. Automatic systems, if prapstalled
and maintained, are highly reliable when required to activate.

Automatic sprinkler systems are the most common type of automatic re tontro
system. Sprinkler systems are complex systems composed of numeroesentsp
and assemblies. Despite their complexity, sprinkler systensist@mi some basic
parts: a water supply, a control valve, a piping system thaitditts the water, and
sprinkler heads that disperse the water. Sprinkler heads are threaded pipinthe
They have an ori ce that is plugged by a fusible link or quartzoid bulb. The link
or bulb melts at predetermined temperatures. The link or bulb is thrown from the
ori ce by the water pressure. Water then free ows from the sprinkler ori ce and is
dispensed into a fan pattern by a de ector on the sprinkler head. The fanned water
pattern removes heat from the re and discharges water over the surface of sur
rounding combustibles. A common fallacy is that sprinkler systemsaipehvater
from all of the sprinkler heads on the system, thus causing exewnsier damage.
Sprinkler systems actually discharge water from sprinkler heads treaabgwvated
over the re. Therefore, water damage is minimized.

SPRINKLERHEADS

The standard sprinkler head provides, at a distance of 4 feet below the de ector,
a discharge covering a diameter of approximately 16 feet when discharging at
15 gallons per minute. Orice sizes vary but the minimum allowable erig
% inch in diameter. Sprinkler heads can be installed in an upright or downward
(pendant) position. Sprinklers are available with diffiereemperature ratings.
Sprinkler heads are color coded by their temperature rating in accordance with
NFPA 13as shown in Figure 7.1.

Maintaining adequate clearance below a sprinkler head is important tdettie ef
tive operation of the sprinkler head. A minimum, 18-inch clearance shouldibe m
tained between the top of any storage and a sprinkler de dttarsolid pile of



Fire Control Systems 129

Temp. Rating (°F)  Temp. Classi cation Color Code  Glass Bulb Colors

135-170 Ordinary Uncolored Orange or Red
175-225 Intermediate White Yellow or Green
250-300 High Blue Blue

325-375 Extra High Red Purple

400-475 Very Extra High Green Black

500-575 Ultra High Orange Black

650 Ultra High Orange Black

FIGURE 7.1 NFPA 13: Temperature Ratings and Color Code

stored material is 15 feet high, then there must be a 36-inch clearance mdintaine
If loose or palletized storage is 12 feet high, then a 36-inch clearance iedequi

TYPESOF AUTOMATIC SPRINKLERSYSTEMS

The four basic types of automatic sprinkler systems are described below.

1. Wet Pipe SystemThe wet pipe system is utilized to protect property that is
maintained at a constant temperature of at least 40°F. The wet pipe system
derives its name from the water that is constantly maintained throughout
the system. Therefore, wet pipe systems can only be utilized where tem
peratures will not reach freezing levels. Wet pipe systems have the tjuickes
reaction time, that is, they can apply water to re faster than any other
system because water is maintained in the pipes.

2. Dry Pipe System-The dry pipe system is utilized to protect property that is
susceptible to freezing temperatures. Water is not maintained in the distri
bution pipes. Instead, air or nitrogen is maintained in the pipes under pres
sure. Thus, when a sprinkler head activates, the pressurized air or nitrogen
in the system must be expelled before the water is applied. Dry pipe systems
have a slower reaction time than wet pipe systems. Dry pipe systems must
apply water from the activated sprinkler head within 60 seconds.

3. Deluge SystemThe deluge system is unique compared to the other types of
sprinkler systems. The sprinkler ori ces are kept open. The ori ces are not
plugged by a fusible link or quartzoid bulb. Deluge systems are used-to pro
tect high-hazard areas where a fast-spreading re is anticipated due to the re
load. The deluge system is activated by a re detection system connected to
the sprinkler valve. When a re detector senses a re, it transmitsalslgat
opens the sprinkler valve. Water then ows from all of the sprinkler heads.

4. Pre-Action SystemThe pre-action system is also unigue. The pre-action
system employs automatic sprinklers attached to a piping system con
taining air that may or may not be under pressure. A re detection sys
tem is connected to the main sprinkler system valve. Actuation of the re
detection system causes the valve to open and permits water to enter the
distribution pipes and be discharged through any of the sprinkler heads.
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The sprinkler heads activate at a temperature greater than the temperature
setting of the re detectors. The advantage of the pre-action system is that
the delay affords occupants time to extinguish the re with portable re
extinguishers or give another re control system time to activate. Water is
only applied if the human intervention or other re control system fails to
control the re. This system is used to protect property that is sensitive to
water damage, such as computer rooms.

NFPA 13: Standard for the Installation of Sprinkler Systeprsvides the
performance criteria and design speci cations for all of the types of atitom
sprinkler systems.

It is best to have an alarm that indicates water ow at the building and at
another location, such as a central monitoring station. All valves comiyyrelater
supplies to sprinkler systems should indicate whether the valve is openedt. clos
Sprinkler system control valves should be closely monitored to mireasapering.
Approximately 30% of reported sprinkler failures are due to closed valves

One of the most important requirements of automatic sprinkler systemgisaele
maintenance. This includes periodic inspection and tedtiRBA 25: Standard for
the Inspection, Testing and Maintenance of Water-Based Fire Protectiten®y
outlines recommended maintenance frequencies and procedures.

WATER SUPPLY

Adequate water supplies are needed for automatic sprinkler systemskl&pri
systems can be supplied by a variety of methods including a public mainate priv
storage tank and re pump, or a private pond or lake and re pump. Sprinkler
systems also incorporate a re department connection for a re departmepepum
to supplement the water supply and pressure if needed. Whatever watgr suppl
method is chosen, water supplies must be evaluated prior to designing alfidgnsta
sprinkler systems. A water supply should only be measured by a professiomed tr

for water supply testing. The water supply evaluation should include a refvibe o
public water supply, including maps of the distribution system showaaitms of
mains and valves; records of consumption, storage levels, gate valve aadthydr
inspections; and an actual measurement of water supply output from the meares
hydrants. This information is gathered and a re ow is calculated. Fire ow is the
amount of water available for re ghting purposes.

The water supply required for a sprinkler system is termedetimandA system’s
demand consists of the water required for sprinkler systems at the mostibgdlyau
remote area of the system, plus interior hose lines and exterior hose linegiFhe a
able re ow must be larger than the system demand.

CARBON DIOXIDE SYSTEMS

Carbon dioxide extinguishes primarily by displacing part of the spimere at or near
the re so that the oxygen supply in the vicinity is reduced to at least 15% by volume.
Carbon dioxide has little cooling effect and is therefore not the best nadarse on
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deep-seated res. Another drawback is that carbon dioxide sygteamide only lim
ited quantities of extinguishing agent and, consequentist extinguish immediately
unless provided with a reserve supply. While we generally think of derisystems
in terms of basic protection, a carbon dioxide system is speci cally esrgiddor a
special hazard. Carbon dioxide is limited to extinguishing Class A-nB-Catype
res. NFPA 12: Standard for Carbon Dioxide Extinguishing Systerostains the
performance criteria and design speci cations for carbon dioxidernsgste

Carbon dioxide’s use as an extinguishing agent began during World War 1.
Further development and improvements followed rapidly. The main adeaotag
its use is that it can be easily converted to a gas from pressurized liquid storage.
Discharge is accomplished by conducting the lique ed gas through a dip tube
Dense clouds of carbon dioxide are formed when it is discharged to the atmosphere.
Its application ranges from small portable re extinguishers to largeitonult
systems (Colburn, 1975).

Carbon dioxide is primarily used for ammable and combustiblgid res and
electrical equipment res. Carbon dioxide is mildly toxic arah cause a person to
become unconsciousness if trapped in a 9% concentration. Since carbda di@xi
nonconductor, it is effective for controlling res in electrically egieed equipment.
However, along with the other limitations mentioned, hot embers may relafter
the carbon dioxide gas has been dissipated and no longer affords a smotherting effe
Carbon dioxide has been used successfully on ammable liquid res, andtioupa
lar, on air-crash res when a quick knockdown is needed (Haessler, 1974).

Certain metals can decompose when exposed to carbon dioxide. Another limita
tion is that, when compared to sprinkler systems, the reliability is coablgdess
because of frequently experienced component malfunctions.

Carbon dioxide offers many advantages. It is colorless and odorlessthBugh
it is stored in a lique ed form, it gasi es, leaving no residue. Therefore,nthm
considered a clean agent. These systems can be categorized into higrepess
low-pressure systems. They can also be applied either by taiding or local
application. Low-pressure systems are generally considered maorengical if the
volume to be ooded exceeds 2000 cu. ft (Haessler, 1974). A total oodingnsyst
consists of a supply of carbon dioxide connected to xed piping with reoartanged
to discharge carbon dioxide into an enclosure around the hazard, as opposed to a
local application system.

Carbon dioxide extinguishing requirements will depend on the location ef haz
ards to be protected and the position of the discharge nozzles. In designitegra sys
the engineer would want to refer to UEge Protection Equipment Directoriylhis
is a listing that provides information regarding the speci ed con guratiofvari
ous types of nozzles in relation to hazards, ow rates in pounds petenarea of
coverage, and minimum and maximum quantities per nozzle.

Another important component of the carbon dioxide system is the type of detec
tion device to be utilized. Detection devices should be interlockea@tmalin such
a way as to immediately react when heat, smoke, ame, or combustible vapors are
identi ed. The type of detection device will depend upon the hazard (Brya#).197

As previously stated, carbon dioxide has become very widespreagl recause
of its low cost, wide availability, cleanliness, effectiveness, aokconductive
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properties. Because carbon dioxide is discharged in a gaseous form by atteauze
pressure and the vapors are heavier than air, carbon dioxide extinguyshéngssare
usually found in interior locations, protecting the following hazards {Wém, 1979):

¢ Flammable and combustible liquids

e Electrical hazards including transformers, oil reservoirs, switatigsuit
breakers, motors, and generators

e Sensitive electronic equipment including computers, printedsyaaio or
television transmitting equipment

e Food preparation areas such as deep fat fryers, ovens, broilers, ranges, and
exhaust ducts

¢ Internal combustion and diesel engines and accompanying fuel supplie

» Combustible materials with unique intrinsic value such as legal documents
of cial records, furs and Ims, and other items often stored in vaults

¢ Occupied areas which may not be evacuated prior to carbon dioxide discharge

* Chemicals or pyrophoric materials containing an inherent oxidizing agent

¢ Reactive metals including sodium, potassium, magnesium, titanitow; zi
nium, and the metal hydrides

Carbon dioxide systems are not to be installed for the protection of the-follow
ing hazards.
It is extremely important when operating a carbon dioxide system that pdrsonne
protection is considered. For example, if a total ooding system weredratpn,
it would be necessary to provide predischarge alarms and delay deacestid
allow suf cient time for personnel to evacuate the area before the gas is dethar
NFPA 17: Standard for Dry Chemical Extinguishing Systasna carbon diex
ide system installed in accordance with the requiremeM$-BA 12: Standard on
Carbon Dioxide Extinguishing Systear a gaseous agent extinguishing system.

FOAM EXTINGUISHING SYSTEMS

Foam extinguishing systems have been exclusively used for many yeacsalgsp
in the petro-chemical industry, for the extinguishment of ammable and caombus
ble liquid res. Two kinds of foams are primarily used today. They are chemidal an
mechanical foams, depending upon how they are genexétBé. 11: Standard for Low
Expansion Foam and Combined Agent SystBifRBA 11A: Standard for Medium and
High Expansion Foam SysterasadNFPA 11C: Standard for Mobile Foam Apparatus
can be referenced for speci ¢ performance criteria and design spemnsati

In the past, chemical foam systems for large oil storage tanks consisted of two
tanks of stored solutions which, when pumped through a piping system torg mixi
chamber, applied foam on top of the burning fuel. Chemical foam systems have fun
tioned through the use of either single or double powder generators; the A powder
(@aluminum sulfate) in water solution with B powder (bicarbonate a@dé)scould form
a continuous blanket on the surface of the ammable liquid and separate the com
bustible vapors from the oxygen necessary for combustion. @t tfact that the
bubbles are of lower speci ¢ gravity than oil or water, they oathe liquid surface,
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thus excluding oxygen from the surface, causing extinguishment. In morg rece
years, mechanical foam, which is also cakédfoam has come into widespread
use. Mechanically generated foams were developed in Germany in the 1980s, whi
provided for concentrates to be introduced into water and mecharggpiyded it
with air bubbles. The foam concentrate is made of hydrolyzed animal or blegeta
protein, stabilizers, solvents, and an industrial germicide.

These regular protein-type mechanical foams are suitable for ordinany- hydr
carbon liquids and are available for proportioning in water in 3% or 6% coacent
tions. Protein-type foams are biodegradable, nontoxic, norsieer@nd present no
major cleanup problems. They also have a good resistance to burn-backtgood e
guishment, and can be obtained at a relatively low cost. There are four methods of
producing air foam: nozzle aspirating systems, in-line foam pumpnsyste-line
aspirating systems, and in-line compressed air systems. The namesedystems
indicate where and how air is injected into the water-concentrate solutiordtecpro
air foam.

In today’s broad spectrum of chemicals, there are certain ammable liqaits th
have the capability of deteriorating foams. The type of solvents which canydestr
the regular protein-type foams are callgolar or alcohol-type solventsThese
solvents are miscible with water and other constituents of the foam. Thetspire
particular, are alcohols, ether, and ketones. A special type of foam agliedus
Im-forming foam (AFFF) combined with dry chemicals can be used to extinguish
these alcohol-type solvent res.

The development of AFFF has been fairly recent and it has proven to be a superior
foam in many cases. There are two different types of aqueoueriming foam. One
type of AFFF is a protein-based foam and the other is an alcohol-resistantfoam
protein-based foam concentrates are suitable for extinguishingdayton fuel res
only and provide excellent heat resistance and post- re security. The faakeb
excludes oxygen from the fuel's surface, and the water in the foam providegcooli

The alcohol-resistant AFFFs are the most exible and widely used foams. They
are used for extinguishment and vapor suppression of hydrocarbon ansbpaat
(alcohol) res, res from a mixture of these fuels, and res from oxygenated moto
fuels. These foams, which are uorinated surface-acting agents, have eery fa
knockdown capabilities and are extremely effective when used on fuel spigg. T
have been found to be 25 to 30% more effective than the protein-type foams.

AFFFs can also be used in conventional closed-head sprinkler systems. One
disadvantage of the AFFFs is that they are fast draining, so they do not provide
long-term effectiveness as the other foams do.

Foams may be applied to res through xed systems. Fixed foam extinguish
ing equipment may be automatic, manual, or a combination of both. Some systems
consist of one or more portable foam extinguishers suspended in such a way that
ame or heat releases a fusible link so that the extinguisher tips over for automatic
operation. Other systems, which are more complex, consist of xed pipiogginr
which the foam-producing solutions move to a number of de ectors onto the re
surface. Such a system can be operated either manually or automatically by the use
of heat-sensitive actuators, and varies in the discharge rate from 15 to 4@08 gall
per minute. These xed systems are most often used to protect dip tanks, oil and
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paint storage rooms, asphalt coating tanks, and other tanks, which arersted fo
ing large capacities of ammable liquids. The diameter of the tank deternhiees t
number of foam discharge outlets.

The foams discussed so far have been those with low-expansion levels. Low
expansion means having expansion ratios of 0—20:1. There are also highi@xpa
foams, which provide a foam-to-solution ratio of 200:1 to 1000:1. These
high-expansion foams are de ned as an aggregation of bubbles from the mechanical
expansion of a foam solution by air or other gases. This type of foam can be used in
total ooding systems designed to Il enclosed spaces such as rooms dingasil

Foam is also effective in ghting res in inaccessible places such as coabmine
and building basements. High-expansion foams extinguish by exgluciygen
from the air when the water of the foam is converted to steam and by the cooling
effect when the water converts to steam and absorbs the heat from the fuel. This type
of foam also has the characteristic of insulating materials that are not invole i

re. High-expansion foam is generated by forcing the foam concentrategthiu
mesh screen using large volumes of air. The foam produced is then applied directly
on the re through the use of ducts or chutes.

After the foam has been dispersed on the re, it should be allowed to soak into the
fuel for at least 1 hour. Following the soaking period, re ghters may then pobce
to cut through the foam by using a water spray to investigate more thoroughly. The
one disadvantage that foam has is that it does impair vision if it is higher than head
level. Special care must also be taken when using it on electrical equipment. Always
make sure that the equipment is de-energized before any application. Foawe do ha
their place in today’s industrial facilities. There are various types ofd@aailable
and different methods of generating them. If the foams are used correctly for their
intended purpose, they can prove to be a valuable tool in dowgr@xtinguishing,
and con ning res in the workplace.

HALON EXTINGUISHING SYSTEMS

At the beginning of World War I, it became necessary to create nonconductive
re extinguishing agents for use on aircraft and ship res. Before 1940p0narb
tetrachloride was widely used for these applications. Carbon tetrigehlvas
removed from service because it causes cancer. In 1939-1940, Germanyedevelop
chlorobromo-methane, commonly known as halon 1011, to replace metmjitlbro
(halon 1001). Methyl bromide was also highly toxic.

Halogenated extinguishing agents are hydrocarbons in which one or more of the
hydrogen atoms have been replaced by atoms of the halogen family. The halogen
family includes uorine, chlorine, bromine, and iodine. Substigita halogen for
one or more hydrogen atoms makes the compound non ammable and desirable as an
extinguishing agent. Halogen extinguishing agents werelymicked in portable re
extinguishers and re suppression systems (Cote and Bugbee, 1988).

In 1947, the U.S. Army Chemical Center and Purdue University tested the extin
guishing properties of 60 agents on electrical, petroleum, and engipartament
res. The halons were evaluated for their nonconductivity, density faotness of
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storage), and corrosive or abrasive residues. Halons eidinges by interrupting

the chemical chain reactions. Halons containing bromine were found to hemte
effective than those with chlorine or uorine. Halon 1202, dibromadro-methane,

was found to be the most effective and most toxic. Halon 13@hdiri uoro-meth

ane, was the second most effective and least toxic. Between 1960 and late 1980,
halons were used in total- ooding re suppression systeragtiqularly in libraries

and computer rooms. These systems were popular because the halons leftieo resid
in these sensitive areas. Extensive testing in the sixties and sevent@sstiated

the value of halons 1301 and 1211.

The 1947 Army/Purdue tests revealed that at temperatures above 900°F halons
decompose. When halons decompose, they release hydrogede,ubydrogen
bromide, free bromine, and carbonyl halides. These byproducts wei tiolre
harmful if inhaled.

Halons also remain in the atmosphere for long periods. The atmospheric life
of halons 1211, 1301, and 2402 is over 300 years. As these compounds reach the
stratosphere (15-50 km above the earth), they release chlorine and bramese. T
elements have been found to deplete the ozone layer in a similar manner as chloro-
uorocarbons (CFCs). CFCs contribute to the breakdown of the earth's aa@re |
The earth’s ozone layer lters out ultraviolet radiation from the sun. 8sien
attribute a hole in the ozone layer to increased production of CFCs and similar
products. The increased ultraviolet radiation reaching the eartlféeeceuran lead
to harmful health effects with chronic exposure. Prolonged exposuressalh in
melanomas, cataracts, and immune system failure, as well as altering aguaati
terrestrial ecosystems.

In 1987, the United States was one of 24 nations to sign the Montreal Protocol on
Substances that Deplete the Ozone Layer. The document called for production and
consumption of halons 1211, 1301, and 2402 to be frozen aley@86. Production
and consumption were to be cut in half by 1998. Beginning in 1990, and at least
every four years thereafter, on the basis of the latest scienti ¢, technidagcan
nomic information, new chemicals could be added or dropped. Also, additiosal use
could be banned and the phase-out schedules tightened. In the United States, the
Environmental Protection Agency (EPA) has enacted additional rulektieg the
production, use, handling, and depositing of halons. In 1989, the OmnibgstBud
Reconciliation Act increased the federal excise tax on halons.

The U.S. government subsidized the Halon Alternatives Research Conporatio
It examined the critical properties of halons and determined criteriddimn
substitutes. Substitutes must satisfy the following criteria:

e Fire suppression ef ciency

e Low residue levels

¢ Nonconductivity

e Low metals corrosion

¢ High materials compatibility

e Stability under long-term storage

e Low toxicity of the chemical and its decomposition products
e Low stratospheric ozone depletion potential
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Halon substitutes were rst intended to be used as drop-in replacementstin exi
ing halon re suppression systems. Initial research revealed that ubssitstes had
characteristics that did not allow them to serve as drop-in replacemerus.ddéal
stitutes often required higher extinguishing concentrations,rlgolemes, higher
vapor pressures, and lower maximum discharge times.

The NFPA responded in 1994 by publishing a consensus standalekfo halon
alternatives NFPA 2001: Standard on Clean-Agent Fire Extinguishing Systems
details the requirements for design, installation, testing, and macered re
suppression systems utilizing clean agents.

HALON ALTERNATIVES

Several alternatives are commercially available to replace halonustiintg agents.
The alternatives include new chemical extinguishing agents, inert gaseiSmiss,
and powders.

Commercialization of clean-agent re suppression systems was fostgrmany
organizations. The EPA identi ed acceptable clean agents in its Signi camt N
Alternatives Policy (SNAP) program under the provisions of the Clean Air Act.
The EPA regularly tests new chemicals for various industries to assure that they
are environmentally friendly. The EPAs SNAP list of alternatives is rdbleid
in Figure 7.2.

WATER SPRAY SYSTEMS

Water spray systems are designed to protect various types of hazards, vgith mi
include ammable and combustible liquids. These systems may be desmhed t
automatic or manually operated. Water spray systems are not widely uskd for
general re protection of buildings. They are used to protect chemical groces
ing equipment, tank car/tank truck facilities, and storage tanks corgdiazard

ous liquids or gases, transformers, and other units. They are palyicigeful in
situations where it could be dif cult to utilize manual hose streams. Thgrdesi
of water spray systems is highly specialized. These systems extingewstby
cooling, smothering, and dilution. Water spray systems must be able toeofoerat
the time necessary to provide cooling, dispersing, and dilution. Iniadditater
sprays are compatible with foam, thus allowing both agents to be used simulta
neously.NFPA 15: Standard for Water Spray Fixed Systems for Fire Protection
contains the requirements for the design, installation, testing, andemamce of
water spray systems.

DRY CHEMICAL EXTINGUISHING SYSTEMS

Dry chemicals are mixtures of specially formulated powders. They are efecti
on Class A, B, and C res, especially on ammable liquids and grease Dry
chemicals are effective at inhibiting chemical chain reactions within the ey T
also provide a small smothering effect. Dry chemical agents arenoaly used in
portable re extinguishers, wheeled re extinguishers, hand hose listersg, and
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Today with the longer pipe runs designed to protect larger facilities the drop-in replacement for existing
halon 1301 systems can often be reused. The most exible system available today are the cylinders that
can be located outside the protected area or even on another oor. The cost-effective smaller pipe
requirements implemented in many smaller enterprises will help lower the installation expenses.

Total Flooding Agents for Occupied Areas
C,F,,(PFC-410 or CEA-410) IG-55 (Argonite)
C,;F; (PFC-218 or CEA-308) 1G-541 (Inergen)
HCFC Blend A (NAF S-111) Water mist
HFC-23 (FE13) Carbon dioxide
HFC-227ea (FM-200) Sprinklers
IG-01 (Argon)

Total Flooding Agents for Unoccupied Areas
CF;| HCFC-22
HBFC-22BI (FM-100) HCFC-124
HFC-125 Inert gas/powdered aerosol blend (FS 0140)
Gelled halocarbon/dry chemical powdered aerosol A (SFE)
Suspension (PGA)

Miscellaneous Total Flooding Agents
Sulfur Hexa uoride (SF6) (Allowed for only military use and civilian aircraft)

Streaming Agents

C6F14 Gelled halocarbon/chemical suspension
HCFC Blend B (Halotron 1) Water mist

HCFC Blend C (NAFP-III) Carbon dioxide

HCFC Blend D (Blitz Ill) Dry chemical

HCFC-123 Water

HCFC-124 (FE-241) Foam

FIGURE 7.2 Clean agents accepted by the EPA SNAP program. (From Seaton, 1995.)

engineered systemNFPA 17: Standard for Dry Chemical Extinguishing Systems
contains the requirements for design, installation, testing, andenamte of dry
chemical extinguishing systems.

Sodium bicarbonate is a commonly used dry chemical. It is an excellent extin
guishing agent for ammable liquids and electrical res. One disadvantzg
sodium bicarbonate is its corrosiveness. It can affect nely polished metatssir
usually found in electronic and computer systems. Potassium bicarbanatber
dry chemical, is also suitable for ammable liquids.

Mono-ammonium phosphate is considered the multipurpose, dry chemical
agent. It is suitable for ABC-type portable re extinguishers. It is verallerand
it is especially desirable for use in re extinguishers that el used by untrained
personnel. For this reason, it eliminates a decision on thefp#rn user to use a
suitable agent on a particular re. Dry chemicals also have limitations. Theytare no
effective on materials that contain their own oxygen supply such as cellittage.n
Dry chemical extinguishers should not be used on res involving combustibédamet
such as sodium, magnesium, titanium, potassium, and zirconium.
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PORTABLE FIRE EXTINGUISHERS

Portable extinguishers are probably the most common of all private rectiote
equipment. Portable re extinguishers have a limited supply of re exisigng

agent. These extinguishers should be maintained in a fully changed anbleopera
condition, and kept in their designated places at all times when not being used.
In addition, the extinguishers should not be obstructed anddhbe stored in clear

view of those who might need to use them. Such extinguishers are usually thought
of as portable because of their relatively small weight and bulk; howevesr larg
portable extinguishers are provided with wheels, which permit the appavdias t
moved by one or two persons. These extinguishers should be relied upon only to the
extent of their intended use, and when that limit has been reached, large +e ght
ing equipment should be usad-PA 10: Standard for Portable Fire Extinguishers
contains the requirements for various types of re extinguishers.

Portable re extinguishers are classi ed by nationally recognizednigsiibora
tories for use on certain classes of res and rated for relative extinguidfentive-
ness at a temperature of +70°F. They are also effective on small res in electrical
equipment such as panel boards, switchboards, motors, and other Class Remes w
a nonconducting extinguishing agent is of importance. Dry chemicalgexshers
are not suitable for seated res in ordinary combustible materials such as wood,
paper, textiles, and other Class A res, which require the cooling effect ef wat
for complete extinguishment. The extinguishers may be of some value faresurfa
res in small quantities of material where the smothering effect of the exsingj
agent may be effective.

A nonpressurized extinguisher is operated by pushing the handle down, which
punctures a sealed disc in the cartridge. The released gas pressurizes thedry che
cal chamber and expels the dry chemical. The discharge is controlled by the shut-off
nozzle at the end of the hose. In the pressurized dry chemical extinguisher, both the
dry chemical and expellent are stored in a single chamber under a pressurg of abo
150 psi. The nozzle may be opened, allowing the stored aiupedssexpel the dry
chemical from the chamber through the hose by squeezing or gripping the extin
guisher nozzle handle. Release of the extinguisher nozzle handle prawtet-off
feature (Bare, 1977).

Ready-for-service re extinguishers depend upon:

1. People trained in the use and handling of extinguishers

2. Suitable location of extinguishers

3. Sound working order of extinguishers

4. Suitable types of extinguishers for hazards encountered

5. Early warning of the re for the re extinguisher to be effective

Study Guide Questions

1. What is the difference between a wet pipe system and a dry pipe system?
2. High-expansion foam extinguishes re in three ways. What are they?
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3. How do you determine when maintenance is necessary to keep re-protec
tion equipment functional?

4. AFFF is a special type of foam. What is it and on what type of resis it used?

5. What are the three areas that need to be monitored in pressure tanks?
Explain their importance.

. List the temperature ratings for automatic sprinklers apthiexwhy one
single rating cannot be used in all situations.

. Why is halon being phased out as a re suppressant?

. List and discuss some alternatives to halon.

. What is the most common form of private re protection equipment?

10. List the different classes of re extinguishers.

(2]
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Case Studies

1. A moving company is storing residential contents and commercial docu
ments in a 75,000-square-foot warehouse facility. Justify the installatio
of automatic sprinkler protection by demonstrating the cost reduction on
insurance premiums. Demonstrate the cost reduction for a 10-year period.

2. A safety manager receives budget approval for $320,000 over a 5-year ped
to install automatic sprinkler protection in 17 buildings. From a risk manae-
ment standpoint, develop a detailed strategy for determining which budiings
should receive sprinkler protection rst and throughout the 5 years.

3. A sprinkler system must be removed from service for maintenance. The
sprinkler system protects an industrial oven that is not operating due to a
plant-wide shutdown. Hot work is planned for the industrial oven. Develop
an action plan for conducting the hot work safely during the sprinkler
system’s impairment.
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Care, Maintenance,
and Inspection

L 0]
After completion of this chapter, the reader should be able to:

1. Describe the proper care and maintenance of an automatic sprintéer.sys

2. Explain who is responsible for assuring that adequate maintena@derisied.

3. Explain the necessary assurance and preventive maiogepiogram devel
oped by management.

. Explain insurance carriers responsibility relative to a sprisygtem reliability.

. Explain the most reliable means for avoiding pipe corrosion.

. List the steps of extinguisher maintenance.

. Explain the reason for when repairing sprinklers should be scleitule
industrial plants.

. Explain some inspection services that are available other thamsgalttions.

~ O U A

(0]

One critically important component of a re safety management program is main
taining re protection systems. Proper maintenance requires thateafiratection
systems be inspected, tested, and maintained at frequencies receamenthnt
facturers and the National Fire Protection Association (NFPA). Thisethayiines
some crucial areas of maintenance and inspection for automatic sprirstésms.

CARE AND MAINTENANCE OF SPRINKLER SYSTEMS

Sprinkler system reliability is dependent on an organization psoparing for and
maintaining the system. Systems are not effective just because they atedinstal
Sprinkler systems are subject to failure and impairments due to mang faottud
ing the surrounding environment, human error, mechanical breakdownegladtn
Preventive maintenance must be performed on a regular basis to ensurertkigrspri
systems will operate as designed. If sprinkler systems are to be efféutinehe
system as a whole must be maintained. Sprinkler systems are composededfsiund
of components and assemblies that are interdependent on one anotheterSprink
system maintenance should be based on systematic analysis of the compwhents a
assemblies from the water supply to the sprinkler h@dieBA 25: Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protectiten®ysut
lines the maintenance frequencies and good practices fog ¢arsprinkler systems.
Diligent and thorough attention to the care and maintenance of sprink&msys
necessary to ensure that the installed re protection is reliable. Thergrpagose
of an automatic sprinkler system is to protect life and property. Seriosiseldom

141



142 Fire Safety Management Handbook

occur in properties completely protected with properly mainthiaatomatic sprin

kler systems. Not properly caring for and maintaining sprinkler systam create a
false sense of security to an organization. Providing automatic sprprkkection

is typically a sign of good business foresight. The quality of business attatinis

and the intelligence of management are re ected in the rigor of provisions nmrade fo
maintaining sprinkler systems.

MAINTENANCE AS A FACTOR IN SPRINKLER
SYSTEM PERFORMANCE

Actual experience data has shown the excellent performance of automatidesp
protection in the control and extinguishment of res. NFPA statistics detrate
that 96.2% of sprinkler systems successfully perform as designed. dlismezs
have been extinguished by the activation of one or two sprinkler heads and limite
these potentially catastrophic res to slight losses. Because only a snuibrira
of experience data is reported to the NFPA, sprinkler system performanceemay b
better than indicated by the NFPA.

The responsibility for the prevention, discovery, or elimomatdf maintenance
de ciencies may extend to a number of individuals in any one organizatiome So
de ciencies can be corrected during routine inspections. Others mighienso
readily observed and would be discovered during systems tests byegluadirsons.
Still other de ciencies are due to poor management. This denadestthe need for
a consistent preventive maintenance program and a willingness to essmpA
sibility and accountability. In addition, it is necessary that effectiooperation
exist with re departments, insurance carriers, and other groups havingjmtta
provide outside aid in case of emergency.

RESPONSIBILITY FOR MAINTENANCE

Owners or managers of properties are responsible for maintaining acteprat
kler systems in reliable condition. Owners and managers are respdostble lives
of those who are housed or employed on a property, as well as the continuity of
production and employment. In order to obtain favorable results, mpati@ation
must be given by owners and managers to the reliability of sprinkler systems.
Some major sprinkler system problems have been due to a lack of resggnsibili
rather than lack of knowledge. Regardless of re prevention inspectianhméy be
made by others such as insurance carriers, re departments, and serviaetoms)tr
management alone must act to ensure that re protection features are in good operat
ing condition at all times. Management must also ensure that employees are trained
to handle any re situation effectively. To provide the necessary assjrapreven
tive maintenance program should be developed and implemented by management
A preventive maintenance program should identify what systems, dessrabd
components will be inspected, tested, and maintained, as well as whendhs act
should be taken. A sample inspection report form is shown in Figure 8riteviance
procedures will have some seasonal differences, most of which are indatated |
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FIGURE 8.1 Fire Protection Equipment Inspection Repd@ourtesy of Industrial Risk
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this chapter under the various items of sprinkler system components basid ¢
ered. The following are examples of inspections governed by seasontd.effe

FaLL INSPECTION

At the approach of freezing weather in the fall months, an inspection shoudd plac
special attention to several items. Cold-weather valves and drain pipeEsedxjpo
freezing temperatures should be closed (drain valves on the exposeyl guipin
left slightly open). The speci ¢ gravity of antifreeze solutions inrsglér systems
should be tested. Dry pipe valves should be checked to make sure that they-are hold
ing air properly and that the electric and water- ow alarms are in dtiderdrains
at low points of the dry piping should be checked to make sure that they are properly
clear of water).

Heating provisions should be checked for the dry pipe valves. Water tankg shoul
be checked to determine if adequate protection against freezing is pravid¢hat
any heating systems are in good operating condition. The condition of re pump
reservoirs should be checked, as well as the suction intakes from waterssource
Buildings should be surveyed to ensure that cold air will not enter or expotdesp
system piping to freezing.

SPRING INSPECTION

As soon as the danger of freezing has passed in the spring months, an inspection
should place attention on the reopening of cold-weather valves; testamgngeand
resetting dry pipe valves; testing water- ow alarms, and conductingrwat tests.

INSURANCE INSPECTIONS

Insurance carriers frequently pay special attention to sprirskigem reliability.
Some insurance carriers offer sprinkler system testing services in theocoimter
est of both the owner and the insurer. Through routine tests, sprinklensyste be
veri ed to be in good operating condition and any impairment can be revealed. Si
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such tests are made at the owner’s responsibility and risk, intelliggueredion in
conducting the tests serves the best interest of the owner.

FIRE DEPARTMENT INSPECTIONS

Inspections of sprinkler systems are often made by many re depdstnidrese
inspections verify that control valves are open and providgportunity to become
familiar with water supply connections. Fire department inspectiensustomarily

made by the re company closest to the property or building. Owners and managers
should utilize re departments’ services as a show of good faith to the public, the
organization, and insurers.

CONTRACTORS’ SERVICES

Standardized sprinkler system inspection and maintenance semdceffeaed by
sprinkler manufacturers and competent sprinkler contractorseTihspections are
particularly advantageous to a property owner who must rely eutitde inspec

tion service. These services can provide periodic examinations and r&peys

are valuable to the property owner not only for monitoring the condition iofkbpr
systems, but also because of valuable instruction that can be given to employee
in the process. In addition to sprinkler systems, service often can beegurdord
other re protection features such as water supplies and re pumps (Daviy, 198
Inspection and maintenance services offered by sprinkler consactomally
follow a format that is acceptable to most insurance carriers.

CENTRAL STATION SUPERVISORY SERVICE

Central station supervision of sprinkler alarm and control devicesdgid under
contract is an especially valuable aid to an organization. The outsigergspbn

sible for reporting to the owner or manager each incident involving water ow or
gate closure or other supervised action keeps a constant check on the condition of
the equipment and stimulates interest for the care of the overall system on the part
of the plant re organization.

RELIABILITY TESTS OF AUTOMATIC SPRINKLERS

Where sprinkler systems are subject to loading or corrosion, even naebygenat
slightly, they should be carefully and frequently examined. If the conddf a
sprinkler system appears to be unreliable, then it should be removed frooe.se
Parts and assemblies can be carefully packaged and sent for testing to weickerwr
Laboratories, Inc., Factory Mutual Engineering Corporation, or theufaeturer.
Care should be taken to minimize the period of interruption of protectidrican
make sure that all valves are left open after sprinklers al&cesp(Planer, 1979).
When installing sprinklers, or when removing sprinklers that are to beedear
reinstalled, special wrenches provided by manufacturers for theirpavarsed shape

of sprinklers should be used to prevent mechanical injury and distortion.
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ACCUMULATION OF FOREIGN MATERIAL ON SPRINKLERS

In many cases, conditions exist which cause an accumulatiore@rfanaterial on
automatic sprinklers so that operation of the sprinkler may be retarded artpteve
This is commonly calletbading

Any accumulation of foreign material on sprinklers tends tardetheir opera
tion, owing to the heat-insulating effect of the loading material. If the deposit is
hard, it may even prevent the sprinkler from operating. The best practice imterep
such loaded sprinklers with new sprinklers rather than to attempt to clean them
Attempts at cleaning, particularly where deposits are hardened, ayadikiElmage
the sprinkler, rendering it inoperative or causing possible leakage.

Deposits of light dust, such as may be found on sprinklers in woodworking plant
and grain elevators, are less serious than hard deposits. Dust may be expetdgd to d
the operation of sprinklers, but ordinarily will not prevent the eventuahalige of
water. Dust deposits can be blown or brushed off, but blowing by comgrasse
should not be undertaken where it can create a dust explosion or ignition hazard. If a
brush is used, it should be soft to avoid possible damage to sprinkler parts.

Paint solvents, sometimes used in cleaning sprinklers, are not ordimgrily i
ous to solder or built-type sprinklers, but some solvents may damage spiokl
the chemical type. The use of any ammable solvent for cleaning involves a hazard.
Authorities advocate removing sprinklers and doing the cleaning eutsidhe
building. This also permits a more thorough cleaning operatiammersing and
rinsing the sprinklers in the solvent.

Cleaning, to be effective, must be thorough, as small quantities of paiimiler s
materials left between sprinkler parts, even though not conspicuoysemausly
delay or prevent sprinkler operation (Underdown, 1971).

Water-solution cleaning liquids containing caustic or acid compisnare likely
to be injurious to sprinklers and should not be used for cleaning. No hot salfitio
any kind should be used for cleaning.

Sprinklers can be protected when ceilings or sprinkler piping are beingpgai
by temporarily placing small, lightweight paper bags over them. Papsr hag
ever, are likely to delay the operation of the sprinklers, and should be removed
immediately after the painting is completed. Sprinklers in spray bood#semra
special problem for which there is no satisfactory solution except to ciotiu
spraying process in such a manner that no spray will reach the sprinklers. If pro
cesses can be located to minimize deposits and cleaning is dqoerftly, conve
niently accessible sprinklers may be cleaned without remotsigig a coating of
grease or soft neutral soap facilitates washing or wipinglefbsits. If grease is
used, then it should be a grease with a low melting point. Unless cleaning is done
carefully, deposits are likely to accumulate to such an extent as to serioedra
with sprinkler operation. The use of paper bags to protect sprinklers in sptég bo
is a fairly common, but not a recommended, practice.

CORROSION OF AUTOMATIC SPRINKLERS

Corrosive conditions are likely to make automatic sprinklers inoperat retard
the speed of their operation. Corrosive vapors may seriously affect not only the
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heat-actuated element and the valve-retaining members of an automatitesprink
but also may be severe enough to weaken or destroy other portions of the sprinkler
In most instances, such corrosive action is slow but surehaadrtust be vigilantly
watched (NFPA, 1994).

Some types of sprinklers are less susceptible than others to corrosive condi
tions. Nonferrous metal is used for sprinkler parts, but special pretexiatings
are necessary for all types when exposed to extreme corrosive condifpnaved
corrosion-resistant or special, coated sprinklers are need@chtions where chemi
cals, moisture, or corrosive vapors exist. Representativanccies having corrosive
conditions likely to adversely affect sprinklers are giveNHPA 13: Installation of
Sprinkler System<Corrosion-resistant sprinklers fabricated with corresasistant
matter or with a special coating or plating may be used in an atmosphere that would
normally corrode sprinklers.

PROTECTION OF PIPES AGAINST EXTERNAL CORROSION

Under some conditions, corrosive vapors may cause rapid deterioratioeebf st
pipes and hangers. This necessitates frequent replacement unlespprtgmtion
is provided. Under most conditions, cast-iron ttings will not be sestipaffected.

There are two methods available for avoiding pipe corrosion: protecate c
ings and the use of materials other than steel. Under severe corrosive cendition
protective methods are not completely satisfactory. Genuine, wtraag pipe or
special-alloy, noncorrosive pipe will give the best results. Gateahsteel, under
some conditions, may be the best and most economical method of obtaining reason
ably long life for the piping system. This might apply to chemical plants, setsywo
or similar properties where corrosion may be severe. Ssairdteel and copper
piping have also been used in some cases.

When corrosion of existing equipment becomes a maintenance problemereplac
ment or the application of a recognized type of protective coating are remedial mea
sures NFPA 13cautions that when a protective coating is applied to old piping, be
sure to rst remove all corrosion, scale, and grease. Otherlitide bene t will be
derived from the coating. Piping should be carefully examined at frequentals
and if evidence of pitting, checking, blistering, or other failure is ndtes pipe
should be cleaned and another coat of protective paint applied. A simitadpre
is appropriate for sprinkler pipe hangers (Planer, 1979).

SPRINKLER SYSTEM IMPAIRMENTS

NFPA statistics and the records of large-loss building res demonstratedtlsr

of having impaired sprinkler systems when a re occurs. Impairments drése i
sprinkler system water supply is shut off for extensions or alterations tprine s
kler piping, repairs due to accidental damage to piping or sprinképtcement

of sprinklers after a re, or maintenance or replacement of sprinklers and othe
sprinkler system devices. When sprinkler protection is interryptedy effort must

be made to limit the extent and duration of the interruption. A cardinal rule is to
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notify the re department whenever such a sprinkler system impairment. &Xigss
prevents the re department from placing reliance on the systems. Mostrinsura
companies also request that owners advise them when there is an interruption of
sprinkler system protection. Insurance companies desire thateddteneans of re
protection be arranged if the impairment is not temporary.

When sprinkler systems must be shut off, the work should be planned for a time
when the least hazard exists. In industrial plants, about three times as many res
occur during operation as during idle periods. It is advisable that anyigprin
system repairs be done on a weekend or other idle period. Specialssatices
may be required to ensure prompt detection of any re that might develop twhile t
sprinkler system is impaired. Sectional valves, rather than main vahmedd e
used where possible to take advantage of multiple water supplies.

All personnel, materials, and tools should be made ready before the sprinkler
protection is impaired. If mains are to be opened, prepare wooden or other plug
or caps, and clamps to close the end of pipes quickly. Take emergency measures
to maintain the maximum possible water supply to sprinklers. One pigsibil
to make a temporary hose connection from a domestic or industrial supply to the
sprinkler riser. Adapters for connecting a 2 ¥2-inch hose to sprinkkensyshould
be kept on hand. Procedures for supervising closed valves, for notihgnget
department and insurance companies, and for making water- ow testhafteortk
is completed should be followed.

BASIC PRINCIPLES OF MAINTENANCE AND INSPECTION

Care and maintenance of any re protection feature assures optimunilitgliab
Major considerations for sprinkler system maintenance are (NHRAProtection
Handbook 17th ed., 1994):

e Sprinkler protection is complete in the areas protected.

* No obstructions exist that might inhibit the distribution of water disgghar
from the sprinklers.

e The water supply is constantly available.

e There is no opportunity for the sprinklers to freeze.

e All devices forming a part of a sprinkler system, alarm, supervisorgsgs
or water supply are in dependable operating condition.

Inspection is merely an organized, methodical procedure for visuadignaieing
the operating condition of components and assemblies. Inspectold Bhayuaki
ed for the tasks they are performing. Inspections reveal the need for maiocéena
repair, or remedy.

Inspection and maintenance functions are closely related and maypoverla
Inspections frequently involve matters which may be classi ed as erante,
and maintenance sometimes requires its own inspections and tests begmd th
made routinely during so-called re inspections. Management is resperfer
their coordination.
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INSPECTION AND MAINTENANCE OF FIRE EXTINGUISHERS

The terminspectionmeans a visual check. This visual check determines that a re
extinguisher is ready to operate. An inspection also considers whether tire exti
guisher is fully charged and will function effectively when used for itsnaed
purposeNFPA 10: Standard for Portable Fire Extinguishetstails the inspection,
testing, and maintenance requirements for various types of re extiegais

An inspection should verify the following about a re extinguisher (Dal281):

e ltis located at a designated place.

e |tis conspicuously located.

e ltis easily accessible.

e ltis fully charged.

e Itis untampered and has not been vandalized.

e ltis protected from the environment and incidental damage.

The effectiveness of inspections depends greatly upon the frequendsyitggu
and thoroughness with which they are done. Depending uporzéhefshe facility,
it is recommended that the manager, property owner, or a designated person check
the extinguishers at the beginning of each month. Where a plant re brigade-is orga
nized, it is advisable for the re brigade to be included in the inspection gz dce
order to become familiar with the equipment and its location.
Maintenance, as distinguished from an inspection, requires that mgeigh
ers undergo a thorough examination targeted at moving components anbliassem
Fire extinguisher maintenance should include:

e Complete examination of each extinguisher
* Any necessary repairs

¢ Recharging

« Replacement of any defective parts

Maintenance should be performed at least annually, after each use, or when an
inspection reveals a problem. Similarly, if an inspection shows esédeihtamper
ing, damage, or agent leakage, then a complete maintenance check shoulddz® initiat
Fire extinguisher maintenance programs should include accurate reegidd
Fire extinguisher records should include the following information:

e The date of the maintenance

¢ The name of the person or organization performing the maintenance

e The date when last charged and the name of the person or organization
recharging the extinguisher

¢ The hydrostatic test data and the name of the person or the organization
conducting the hydrostatic test

e A description of dents or damage remaining after passingrastatic test

¢ The date of the six-year maintenance for certain stored-pressure, dry chemical

types
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The persons who are responsible for performing maintenance proceddres a
record keeping should be appropriately trained. Fire extinguisher tagmamaly
used as a convenient means for recording periodic inspections and maietenan
Generally, for routine inspections, a tag or pressure-sensitiieidalised to record
the date and the inspector’s initials.

Seals and tamper detectors should be utilized in conjunction with agwestier
inspection program. The seal or tamper indicator may consist of a thread, band
plastic insert, or other device that conforms to the standards of testingtdtabes.

Lead and wire seals were commonly used until plastic seals were introduced. As
long as the device remains unbroken, there is reasonableragstirat the actuating
mechanism of the extinguisher has not been used.

Study Guide Questions

1. What is the primary purpose of an automatic sprinkler system?

2. Who should maintain responsibility for ensuring that adequatdenaice
is performed?

3. How often should sprinkler system inspections be conducted?

4. What types of things should inspectors focus on when inspecting sprinkl
systems?

5. When sprinklers are found to be “loaded” with foreign material, what
actions should be taken for correction?

6. What are the best means for avoiding pipe corrosion?

7. What is one cardinal rule when repairing sprinkler systems that requires
water to be shut off?

8. When repairing sprinklers in industrial plants, when sholié repairs
be scheduled?

9. What are some inspection services available other than self-ingect

10. What are the four steps of extinguisher maintenance and how does it differ

from inspection?

Case Studies

1. A manufacturing facility has 12 sprinkler systems: 10 wetpipe systems
and 2 dry pipe systems. Develop an inspection, testing, and maintenance
program for the sprinkler systems using applicable NFPA standards.

2. The same manufacturing facility has 150 multipurpose re etinguishers.
Develop a letter that requests bids from local companies for a 5-yearre
extinguisher inspection and maintenance contract and include some basic
performance criteria.
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Legal Aspects,
Organization,
and Legislation

L 0]
After completion of this chapter, the reader should be able to:

1. Explain how property management and re safety can be pro t-piotect
activities for any organization.

2. Prepare, review, and/or approve all applicable safe-pratdiceasds.

3. Investigate and report on safety suggestions or delegate suchyati@ssi
to safety leaders.

. Explain that all legislation is aimed at protecting life, society,@pperty.

. Explain the Federal Fire Prevention Control Act of 1974.

. Describe Subpart L of the OSHA Safety and Health Stand28@HR 191D
with establishing requirements and standards for re brigades, andtko f

. Explain the various state agencies and their regulations.

8. Discuss the strength of laws and legal rights of re departments.

[o20N ¢ SN

~

LEGAL ASPECTS OF FIRE SAFETY

The legal aspects of re safety are complex. Each management level not only has
a moral responsibility to assure re safety, but each also has legal risiittess

Some of the major responsibilities and liabilities are described in thgeh They

are divided into these major areas:

* Upper-management responsibilities

» Safety management staff responsibilities
¢ Middle-management responsibilities

e Lower-management responsibilities

e Employee responsibilities

Each major area is discussed.
UPPERM ANAGEMENT RESPONSIBILITIES
Property management and re safety can be pro t-protecting activitiesrfpr a

organization. Failure to practice property conservation and re pt@re can

153
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and usually does produce a direct, tangible loss, which must be paid for with
dollars that would otherwise be pro t. Upper-management responigbilitclude
the following:

1. Making the policy statemestlt is imperative that the policy statement be
approved and issued over the signature of the top of cial in the organiza
tion. Without such a commitment the program will be continually compr
mised by opposing viewpoints of other managers.

2. Empowerment of responsibility and authorityhe president or CEO
empowers responsibility and authority to individuals of the management
team, and appoints one individual to administrate the program. Thisperso
will report to top management.

3. Serving as executive of cerThis person will be held accountable by
federal agencies, state agencies, and the courts for serious velattion
regulatory standards. Penalties can include nes and even criminal pros
ecution. This person has the overall responsibility for the facility&typa
and health program.

SAFETYM ANAGEMENT STAFF

The safety management staff should be responsible for providing input to tep ma
agement regarding the policy, stimulating acceptance of sound safeticgmact
promoting an attitude of safety awareness, and working with top management to
accomplish the objectives of the safety policy. It should be accountalplefading
technical procedures, establishing safety procedures, issurkgnstructions, and
enforcing rules and standards in major divisions of the company. The renpicave

and safety department should be responsible for staff assistance todliserainae
departments in re prevention, re protection, accident preion, and in the control

of emergencies affecting the safety of persons or damage thnigsil equipment,

and products. Some duties are outlined as follows:

1. To update knowledge of new developments in the eld of accident and
re prevention.

2. To prepare, review, and/or approve all applicable safe-pracitgasts.

3. To review new or modi ed methods, materials, supplies, ajdibment,
including buildings machines, tools, and production devices.

4. To develop a centralized program and to assist in departmentalrpsogra
that promote and maintain interest in accident and re prevention.

5. To interpret laws, directives, and codes dealing with accidewgniien
and re prevention.

6. To investigate and report on safety suggestions or delegate sucly@vesti
tions to safety leaders.

7. To accompany state and insurance inspectors on all inspectionithips w
the department.
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M pDLE-M ANAGEMENT RESPONSIBILITIES

The front-line manager maintains daily contact with production and emainte
workers. Employee safety and health and safe working conditions forraayiea

are vested in this person. The supervisor is the key person in the safety program
because he or she is in constant contact with employees. The plant superigenden
expected to enforce compliance with the company safety policy by:

1. Being familiar with the safety program and ensuring its effectiveagipn.

. Attending meetings of the plant safety committee and giving full stifgpo
all committee activities.

. Taking an active interest in the organization’s safety training gmug

. Participating in investigations of all major and submajor injuries

. Giving leadership and direction in the administration of safetyitaesi

. Conferring with the safety department when new operations are installed
or new tools, equipment, and materials are introduced into the plant, to see
that all proper safety precautions are taken for their safe use.

N
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Middle management must support the establishment of a company re brigade.
The employees are trained in rst aid, rescue, and re ghting techniqueseffart
to reduce losses from res.

LowER-M ANAGEMENT RESPONSIBILITIES

The front-line foreman’s job is divided into three parts: (1) to know the re pro
tective system and how it works in his department, (2) to cooperate in emergency
assignments made to his or her department, and (3) to see that those reporting to
him or her work safely. The last means more than most supervisors realize. It means
becoming property-conservation and re-prevention-mindembiaeverything in his
or her area, making sure that everyone knows how to keep res from starting; that
everyone knows how to keep anything from happening to the re protective-equi
ment; and that nobody ever stops doing their share. Three other areas of concern to
the front-line supervisor are (1) worker instruction; (2) protectiobhodh workers
and property, and (3) re: what to do before, during, and after.

Worker instruction consists of the following:

e Conducting job safety analysis and instructing employees in propy saf
procedures for all work operations.

¢ Indoctrinating new employees in safety awareness.

¢ Training new employees in the proper job procedures.

Protection of both workers and property includes:

e Conducting housekeeping inspections.
e Reporting and/or correcting re hazards.
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e Conducting equipment inspections.
« ldentifying and/or correcting hazardous conditions.
« Enforcing safety rules and regulations.

BvPLOYEERESPONSIBILITIES

Employees are expected to follow safe procedures and take an activeppatect

ing themselves, their fellow workers, and the plant. They should be encousaged t
detect and report hazardous conditions, practices, and behavior in tHetawves

and make suggestions for their correction. The ideal safe and ef cient riatlust
operation is reached only when all employees are safety conscious. All eegploy
should adhere to the following rules:

1. Comply with supervisor instructions.

2. Report all accidents and injuries immediately.

3. Submit recommendations for improving safety and ef ciency.
4. Know your exact duties in case of re or other catastrophe.

ORGANIZATIONAL STRUCTURE

Few realize the effect organizational structure can have in in uencingvioeha
critical to the success of a loss control program. This is especially true iotke w
place. This chapter will attempt to identify organizational epi€ and principles,
which contribute to preferred results expected in a loss control pnogeaerally,
and the re plan speci cally.

It must rst be understood that the organization dictates the organizatioral stru
ture within which the safety department, or any other department, will operate.
Thus, to operate successfully, the safety manager must learrctmfuwithin the
con nes of the imposed structure, both formal and informal. It can gepdyall
assumed that in ful lling its mission, the safety department will functio Veiss
power and authority than it would like.

Therefore, it is imperative that the safety practitioner understand thausari
concepts of authority. Authority is the right to decide or act. Line ayhisrthe
simplest type of authority, with each position having direct and geaatfzority for
taking actions and complete authority over lower positions in the bigrastaff
authority is purely advisory to the position of line authority. The indigidvith
staff authority studies a problem, seeks alternatives, makes recomtinasgdbut
has no authority or power to require that the recommendations be put into action.
Functional authority focuses on achieving the advantages of specaalibgtper
mitting the staff specialist to enforce his orders within a limited and deetied
scope of authority.

The line manager with appropriate authority is the backbone of the organiza
tion, but staff positions provide the supplemental advicedamdtion, which allow
the line generalist to function successfully. The safety practitionghntractually
serve in a staff position with pertinent authority for some programs actidnal
authority for others. A failure of the safety manager to know and understand his or
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her authority in various situations could result in serious con icts andasutizly
hinder the success of his or her program.

Although it would be quite desirable for the safety manageate functional
authority over all his programs, it is quite likely to expstetff authority in many
cases. As a result of this limited type of authority, success for theapnogyill
depend on gaining a collaborative effort of line managers and staff personnel i
order to identify and correct safety problems.

As noted above, functional authority is the preferred means, but #yisatso
introduce organizational problems by breaking the unity of commandpienc

The principle of unity of command requires that each individual reporttiglitec
only one boss. When the safety manager is given functional authority, his orddrs to i
vidual workers may be in con ict with those of the workers’ line supervisatufdlly,
it will be wise for the safety practitioner to exercise authority with caréasté or she
does not alienate the workers whose support is needed to carry out the safety.progra

In the total quality management paradigm, the manager’s function changes from
director, controller, and inspector to coach, facilitator, and teanages. Employees
exhibit competencies in self-direction, self-development] éeam-development
skills. The total quality management paradigm imbues the employees with a
risk-taking spirit. Staff positions provide the input to create mutwsdreed upon
decisions, which allow the organization to function succegsfliccess depends
ultimately upon the ability to Il management positions with people whom other
people respect. Success in re safety management depends on an effort of managers
and personnel to identify and correct re hazards.

The nal organizational concern deals with informal organization and coritmun
cation. In many organizational structures it is necessary to cross over lioeaaf
communication to effectively accomplish a task. It is quite clear that thd beope
of the loss control program will require such actions.

Even though the development of re safety procedures is the responsilbility o
those having experience in re protection, all personnel have rebgiyngor the
program’s execution. Upper management has the authority to administeyghenpr
by writing objectives establishing each department’s respoitisiilThe safety staff
is responsible for assisting each department with re prevention, regtion, and
emergency control. Middle management participates in program agj\etisuring
compliance with standards and the organizing of re brigades.

Line supervisors must be trained in the use and maintenance of re protection
systems. They are responsible for the cooperation of their workers in eniesgenc
When employees are trained in their responsibility and encouraged tdepioput
to the re safety management program, hazards are minimized and losses reduced
Employees comply with supervisors’ instructions, report ind¢slemd injuries,
make recommendations, and perform their assigned duties during res.

Despite a re safety management program, losses cannot be minimized if-manag
ers and employees do not participate actively. The insurance indusstg inson
the continuous participation of personnel in loss prevention, inspsctand the
implementing of emergency procedures, as conditions of coverageannswnder
writers frequently accept organizations with major re protectiorblemos if there
is evidence of effective guidelines for personnel in an organizatiooggam, but
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they are unlikely to underwrite an organization that has given little canasion to
the role of personnel in developing its programs.

Well-managed organizations recognize that most disastrous res are thte resu
of human error. Discrepancies are due to management’s failure to organize and
instruct its employees. By ensuring the participation of all personnekisafety
management, bene t exceeds cost. A comprehensive re and emergency geespons
plan aids in reducing losses due to re, explosion, windstorms, water @amag
earthquakes, riots, or bomb threats. The plan should include emergeceges,
evacuation routes, and a listing of emergency services. It should be mddelava
to all personnel.

FEDERAL LEGISLATION, AGENCIES, AND REGULATIONS

Safety professionals must be aware of applicable federal regulations irsplee re
tive geographical area in which the safety professional is operating. Alekan
is aimed at protecting life, society, and property. The safety pimfiedshould be
familiar with all legal aspects of legislation.

FeperALRRE PREVENTION CONTROL ACT OF 1974

The Federal Fire Prevention and Control Act of 1974 was the rst congraksion
legislation attempting to regulate re prevention activities. The kegtpaif the act
are as follows:

1. To educate the public about re and re prevention.

2. To develop a program for re ghting technology.

3. To establish a National Academy of Fire Prevention and Control.

4. To establish a National Fire Data Center.

5. To establish a program that encourages state and local governments to
develop master plans for re prevention and control.

6. To initiate a system to review and revise state and local re and loudiddes.

7. To organize and participate in a National Conference on Fire Control.

The problem of re has always been a major concern for our nation. On May 4,
1973, the National Commission on Fire Prevention and Control submittedra repo
of a two-year study on the loss of property and life by re in the United States.
This report identi ed the many problems of re and its control, and recomnaeade
continued federal focus upon the subject. Consequently, in OctoberPi@gient
Ford signed into law the Federal Fire Prevention and Control Act, estaglitte
United States Fire Administration as a functional operating unit of the Degatrt
of Commerce with the purpose of addressing the needs and major concerns of
America’s re problem.

In 1978, under President Carter, the Fire Administration was consolidated a
with the Federal Disaster Assistance Administration and the Federar&trpas
Agency, as well as earthquake, antiterrorism, and the emergency broaogesngs,
into a single structure called the Federal Emergency Management Agency (FEMA)
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FEMA was then established as an independent agency of the Executive Branch with

the purpose of administering disaster mitigation and response pghkara result

of this action, the Fire Administration is now able to work closelh whte other

units of FEMA on the many areas of emergency prevention, response, andyecove
The Fire Administration recognizes that re remains a state and local problem.

The purpose, then, of the National Fire Administration is to support and pEinfor

state and local efforts, as well as the national effort for re prevention and kcontro

Some of the needs that this administrative agency focuses upon are:

e A uniform, broad-based pool of data with which to identify America’s
re problem.

» Safer homes through education and technology.

« Protecting re ghters from death and injury.

e Comprehensive re prevention and control planning at all levels of goveitnme

e Conquering arson.

¢ Improved education and training for the nation’s re protection community.

¢ A basic understanding of re and its effects.

e Providing assistance to state and local governments.

e Providing a focus for the federal re community.

In order to meet these needs and to improve the effectiveness of state and local
efforts, intensive work has been done to identify the priorities at the statecahd |
levels; to develop new and improved re prevention and cotéahnigues; to test
those techniques; and to provide the leadership, incentives, and sathotple
ment those techniques.

Organizationally, the United States Fire Administration (USFA), an ofte o
the Federal Emergency Management Agency (FEMA), has been divided into four
operating units:

1. Of ce of Fire Policy and Coordination

2. Of ce of Fire Fighter Health and Safety

3. Of ce of Fire Prevention and Arson Control
4. Of ce of Fire Data and Analysis

In addition, the U.S. Fire Administration is headed by the Of ce of Adminigstrato
who is in turn serviced by an Of ce of Chief Counsel, an Of ce of Administration
and an Of ce of Information Services. Another agency, the National Bureau of
Standard’s Center for Fire Research, which is under the administraiasdiqgtion
of the Assistant Secretary for Science and Technology, closely coeslaral inter
locks its programs with those of the USFA.

OSHA ActorF 1970

Established as part of the Department of Labor in 1970, the Occupational Safety
and Health Administration (OSHA) is responsible for establishing afal@ng
workplace safety and health standards. It was created to ensure everygwaakin
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and woman in the nation safe and healthful working conditions. Subpart L of the
OSHA Safety and Health Standar@® (CFR 191pis primarily concerned with
establishing requirements and standards for re brigades, all ppdadl xed re
suppression systems, re detection systems, and re- or employsatad alarm
systems installed to meet the re protection requirement of this OSHA manual
These requirements apply to all areas of employment except for those ofraariti
construction, and agriculture.

RESPIRATORYPROTECTION STANDARD

The new standard, which became effective April 8, 1998, replaces the respiratory pr
tection standards adopted by OSHA in 1ZAIGFR 1910.134nd29 CFR 1926.103

It applies to general industry, construction, shipyard, longshaaimymarine termi
nal workplaces, but excludes agriculture. The standard requires ersgloygstab
lish or maintain a respiratory protection program to protect their egspivearing
employees. The standard contains requirements for program admionistiratlud
ing worksite-speci ¢ procedures; respirator selectionpleyee training; t testing;
medical evaluation; respirator use; respirator cleaning, maintenawlce ir; and
other provisions. The standard also simpli es respirator requirenf@nemployers
by deleting respiratory provisions in other OSHA health standards thatatepli
those in this standard, and revising other respirator-related pra/tsionake them
consistent. In addition, the standard addresses the use icht@spin Immediately
Dangerous to Life or Health (IDLH) atmospheres, including interiocsiral re
ghting. During interior structural re ghting (an IDLH atmosphereylde ni-
tion), self-contained breathing apparatus is required and two re gterst be on
standby to provide assistance or perform rescue when two re ghters éde the
burning building.

The federal standard will apply only to federal employees and to privat@-sec
employees who are involved in ghting res. Federal OSHA has no jurisdicizer
the many re ghters who are state and local government employees or volunteers
Although OSHA has no jurisdiction over public-sector re ghters, the 25estat
operating OSHA-approved state plans do cover those workers. The statesehat ha
their own plans are expected to adopt revised respiratory protectidastanT hese
plans may differ, but must provide protection to workers equivalent to thBAOS
standard. It is through these state plan standards that the “two-in/twaequifer
ments will be applicable to re ghters in those states.

Based on the record in this rulemaking and the Agency's own experience in
enforcing its prior respiratory protection standards, OSHA has aettlihat com
pliance with the standard will assist employers in protecting the health dfyemp
ees exposed in the course of their work to airborne contaminants, physicakhaza
and biological agents, and that the standard is therefore necessary andiappropr
The respiratory protection standard covers an estimated 5 million respvesrers
working in an estimated 1.3 million workplaces in the covered sectors. ©®B5eiA
e t analysis predicts that the standard will prevent many deatthdlaesses among
respirator-wearing employees every year by protecting them fromumeptmsacute
and chronic health hazards. OSHA estimated that compliance wattstdmdard
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would avert hundreds of deaths and thousands of illnesses annually. Tla annu
costs of the standard are estimated to be $111 million, or an average of $22 per
covered employee per year.

FeDERALMINE SAFETYAND HEALTHACT

The 1969 Coal Mine Health and Safety Act, which was later amended by the Federal
Mine Safety and Health Act of 1977 (P.L. No. 95-164) provides the regulatoyy bod
for mining. This act, which also repealed the Metal and Nonmetallic Mine Act of
1966, allowed for the regulation of the mines to be done under one system-of regu
lations instead of the many laws and regulations which had previoogtyrged

mine operations.

The Act also transferred the responsibility of mine safety from the Department
of the Interior to the Department of Labor. The Department of Labor then formed
a new agency, thiline Safety and Health AdministratigMSHA), to regulate the
mines. Also established was an independent Federal Mine Safety and Hegdth Re
Commission to hear challenges to MSHA citations.

MSHA has jurisdiction over any work activity that goes on in a mine or on mine
property. This includes the roads leading to the mines, the roads located on mine
property, and all other mine-site operations, such as coal-preparaiigieta

FRE PReVENTIONAND CONTROL

Under Subpart C of the Act, there are a number of prohibitions and precautions that
are key elements in the Federal Mine Safety and Health Act of 1977. There are a
number of de nitions that apply to this subpart such as some of the following:

e Escapeway-A designated passageway by which persons can leave an
underground mine.

e Flash point=The minimum temperature at which sufcient vapor is
released by a liquid to form a ammable vapor-air mixture near the surface
of the liquid.

¢ Main fan—A fan that controls the entire air ow of an underground mine or
the air ow of one of the major air circuits of the mine.

¢ Mine opening—Any opening or entrance from the surface into an under
ground mine.

In addition, some of the following areas are de ned including smoking and use of
open ames, warning signs, spillage and leakage, combustible wastegseidatri
cal substations and liquid storage facilities including electric atibss.

e Inspections—This is a very key area where re ghting equipment shall be
inspected including all re extinguishers and how often—at least mpnthl
to determine that they are fully charged and operable. Also, the extin
guishers shall be hydrostatically tested according to the manufagsturer’
speci cations to determine the integrity of extinguishing agent vessels
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e Fire hydrants—When re hydrants are part of the mine’s re ghting
system, the hydrants shall be provided with uniform ttings, readijlav
able wrenches or keys to the valves, and readily available adapters capable
of connecting hydrant ttings to the hose equipment of any re ghting
organization relied upon by the mine.

STATE AGENCIES AND REGULATIONS

SraTE HRE M ARSHAL

State re marshal of ces were rst established shortly before the turn of thegen
Presently, there are 49 active state re marshals. In many areas of the country, the
re marshal is assisted by deputy and/or assistant re marshals or theinkuts/
Approximately 50% of these of ces are funded by taxing re insurance prasiiu
Others receive their funding from various fees such as explosive pergtsicin
license fees, and inspection and plan review fees.

Fire marshals are responsible for enforcing applicable re safety lawb. &
safety laws might include provisions for the following:

e Prevention of res by enforcing compliance with state re codes.

e Storage, sale, and use of combustibles and explosives.

¢ Installation and maintenance of automatic re protection systems.

e Assessment of means and adequacy of exits on all state properties and in
public places.

 Investigation of the cause and origin of res.

¢ Presentation of re prevention education.

* Review of plans and specications for new construction, alterations,
renovations, and additions.

e Conducting of re drills in the public school system.

The Of ce of the Attorney General is responsible in some statepréwiding
legal assistance in the enforcement of re prevention codes. In other diatette
police directly operate a re marshal’s of ce as part of their locally desighduiées.

State re marshal of ces may be the primary code enforcement agenoynia s
states. In other states, an assistant re marshal, locally designated reaiparsh
or municipal re chief may serve as an ex-of cio deputy. In these cases, the state
of ce acts as a backup agency, rendering assistance, support, andsexpert
dif cult situations.

SraTE INSURANCE COMMISSION

This agency, or its equivalent, is generally present in most states. It @sesp
ble for determining fair insurance rates for various municipaliti¢kimvia state.
Accordingly, to qualify for lower rates, more codes and laws must be enforced. O
a certain level of pro ciency is met by a municipal re department, locaéguwments
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expect continued compliance to preclude any additionatémee levies. This of ce
may be considered an indirect means of enforcement of state codes.

County AND MunicipAL ORDINANCESAND CoODES

The enforcement of county and local codes and ordinances affectingfety s
frequently divided among different agencies and is organized in etiffevays in
different areas. Generally, these codes and their enforcement aredhandte
municipal level to avoid duplication of effort. The codes usually consistaytad
tions of national codes, state laws, and municipal regulations.

THE STRENGTH OF LAWS

For the most part, limited police powers only permit control of matters in the gen
eral public’s interest, as distinguished from the interest of the indikidine scope

of municipal re legislation is limited to that which is considered reaBleand

the general public interest is balanced against that of the individual whérexke
may be con ict, particularly where re protection in the public interesy roall for
expenditures beyond those which a property owner considers elskehtg@or her
own interests. In such matters, codes and ordinances generally favor thesdfe
property of the public at large.

The number of inspectors can vary with the size of the municipality and the
amount of revenue allocated toward an effective inspection program. Hosses f
have a direct in uence on how well codes are enforced. Limited manpower and
resources severely impair an effective inspection program.

BuiLbing D EPARTMENTENFORCEMENTOF BuiLbiNg CobDES

All construction requirements are part of municipalities’ buildindes, including
requirements for exits and for re extinguishing equipmeat,usually maintenance

of these items is covered by the re prevention code. Enforcement is normally the
responsibility of the re marshal, building inspector, or the Fire PrgwerBoard.

In some instances, the inspector or marshal at the county level may be appointed by
the state re marshal. Variances and appeals are considered by the FireiG®revent
Board. In some counties and municipalities, the prosecuting egtannthe dis

trict attorney is empowered to act as the re marshal's representative ircytioge
violators of re codes and ordinances.

LEGAL RIGHTS OF FIRE DEPARTMENTS

The legal rights of re departments are speci ed at various levefpovernment.
They are brie y stated within the National Fire Codes, written into state laws, and
are further de ned in city ordinances and charters. The following rightesept an
overview of the legal rights of re ghters in most states.
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RiGHT oF ENTRY

Right of entry is restricted to two basic occasions:

1. Fires in Progress—Fire ghters shall have the right to enter any premises
at any time when a re is in progress, where there is reasonable cause to
believe a re is in progress, or for the purpose of extinguishing a re.

2. Premises Protection-Fire ghters shall have the right to enter any premises
adjacent thereto for the purpose of protecting such adjacent building or
premises, or for the purpose of extinguishing the re, which is in progress in
an adjacent building or premises.

AUTHORITY WHEN ANSWERING AN ALARM

1. All bystanders and other persons shall obey all proper orders dulybgive
the chief, re of cer, and/or the subordinates at a re.

2. The chief or designated commanding re of cer will have ththatrity to
maintain order at the re or its vicinity and direct the actions of the remen
at the re.

3. Keep bystanders or other persons at a safe distance fronrehanfi
fire equipment.

4. Facilitate the speedy movement and operation of re ghting mgant
and remen.

5. Until the arrival of a police of cer, direct and control traf ¢ and féatle
movement of traf c.

6. The chief or commanding re of cer shall display his rehger's badge or
proper means of identi cation.

7. Authority granted extends to the activation of trafc control signals
designed to facilitate the safe egress and ingress of re ghting equipment
at a re station.

TAKING AND PRESERVINGPROPERTY

The chief or re of cer in command is authorized and empowered to take and
preserve any property which indicates that the re was intentionally set.

ConbucTING INVESTIGATIONSTO DETERMINECAUSE OF FRE

1. The chief or other designated re of cer may enter the scene of such a re
within a reasonable time after the re has been extinguished (U.S. Supreme
Court decision).

2. Ifthere is evidence that a re was of an incendiary origin, autbdrie ght-
ing personnel may control who enters such scene by posting no-tnegpassi
signs at the re scene after such re has been extinguished.
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3. In order for said owner, lessee, or person to recover or salvage personal
property from a posted scene, rst, it must be declared safe by authorized
re department or company of cials; and he or she must be accompanied
by, or granted permission to enter the scene by, an authorized re-depart
ment or company of cial.

ATTACKING, HINDERING, OR OBSTRUCTING HREMENOR BEMERGENCYEQUIPMENT

It shall be unlawful, while any re department or company or re ghter is in the
process of answering an alarm of re, or extinguishing a re, or returningpeo t
station, for any person to:

1. Attack any re ghter or re ghting equipment or emergency vehglgith
any rearms, knives, re bombs, or any object endangering life or prgpert

2. Take any action for the purpose of hindering or obstructing any rerghte
equipment, or emergency vehicle by any means; or

3. Refuse to take any action for the purpose of hindering or obstructing any
re ghter, equipment, or emergency vehicle by any person.
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Emergency
Response Planning
for Safety Professionals

L 0]
After completion of this chapter, the reader should be able to:

. Describe the types of emergencies—natural or manmade.

. Develop the key elements of an emergency response plan.

. Indicate the key points for training employees.

. De ne an evacuation plan.

. Explain the key elements in implementing an emergen@omnes action
program.

. The National Incident Command System (NICS).

7. Develop a re plan for an elementary school.

adhwdNpRE
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INTRODUCTION

In the wake of the September 11, 2001 attack on the New York City World Trade
Center, the astonishingly low casualty count is a tribute to how far into durecul
emergency response initiatives have penetrated. Terrorists, bethaitiwnal and
“home grown,” have demonstrated that they have the knowledge and capabilities t
strike anywhere in the world. Realizing this, safety of cidlatdeast one major ten
ant in the World Trade Center had identi ed the possibility of the buildingglgiin
by a fuel-laden plane, and developed effective, rapid evacuatiordprese

History has shown that no community is immune to any emergency situations,
that disasters transcend all geographic and demographic boundaries

The daily problems we face are now more complex than ever and much different
from those we faced a generation ago. Environmental changes, ecayromth,
technological advances, and new threats in this country and around théalebe
created challenges for our society and the safety profession.

FEDERAL EMERGENCY MANAGEMENT AGENCY

According to the Federal Emergency Management Agency (FEMA), all jurisdic
tions—suburban, urban, and rural—are potential areas for some type Bf eme
gency situation. In the year 2000, natural disasters alone claimed the lives of
more than 50,000 people around the world and resulted in economic losses
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exceeding 90 billion dollars, according to Kay Goss, FEMASs Awge Director for
Preparedness and Training.

People generally do nekpectan emergency or disaster to occur, especially one
that affects them or their fellow employees. We must recognize that peopls alway
need to be aware of their surroundings and have a duty to know what they should do
if an emergency arises. The protection of people and property is the mos&import
thing an individual can accomplish during any emergency.

There are a number of approaches that have been developed by FEMA to bring
together safety professionals in industry, universities, hospitdlepks; and other
venues to discuss the needs of emergency management professionals and program
development, as well as general items of interest pertaining to hazaedsers, and
emergency management problems.

WORKPLACE EMERGENCIES

It is important for each business to design an action plan to ensure the safebfesnd p

tion of employees and property in the event of a disaster. The protection ofeaspl

enterprise assets, and the community in which the company is located arktaoritica

any corporation. This action response plan will provide establishdelimgis, policies,

and procedures for safety professionals to follow when faced with an emergenc
The implementation of a comprehensive disaster response plan shouldbbe esta

lished through the company’s management team, directed by senior mantigeme

concert with the company re brigade. This approach will determine ljessdlu

tions to emergency-related problems and evoke recommendations that careimpr

the readiness of the workers in the facility.

THE NATIONAL INCIDENT MANAGEMENT SYSTEM

The National Incident Management System (NIMS) is of great importance when
working with off-site responders and interacting with differenety/pf emergencies,
even to the point in different surroundings.

NIMS is a country-wide system to improve the coordination of re ghters and
other responders during an emergency, such as the many forest res that the United
States has each year.

The Incident Command System (ICS) functions based on how private and publi
responders are organized to work together to manage domestic @olelen
though their size, cause, and location differ.

NIMS and ICS have been designed to coordinate responders so they use the same
terminology and equipment when applied to the same elements within eveeptncid
There are ve major elements of NIMS that are followed:

1. Preparedness

2. Communications

3. Resource Management

4. Command and Management
5. Ongoing Maintenance
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Based on the fact that with every agency or facility that has its own proceddres a
basic requirements the NIMS ICS program uni es the method in which emergencies
are involved.

KEY ELEMENTS OF THE EMERGENCY RESPONSE PLAN

The emergency response action plan should be designed to accomplistothe foll
ing objectives:

e Improve safety awareness and emergency/disaster readiness.

« Protect the lives and assets of the corporation.

e Assign speci c emergency responsibilities to employees relative io the
competencies and normal work functions. This action begins with the re
brigade, whether it is full time or part time.

e Provide training and preparation for re brigades and employees.

« Provide for orderly and efcient transition from normal to egesrcy
procedures.

« Review the plan with the local Of ce of Emergency Services (OES) and
include key telephone numbers.

« Develop a crisis communication plan for dealing with the media.

¢ Reduce losses associated with emergencies and disasters througledmpro
corporate resources.

e Purchase and maintain equipment and supplies necessary for emergency
situations.

¢ Provide the communication and transportation systems needed during
potential problem situations.

< Establish site evacuation routes and procedures, both primary andagco

e Have safety professionals advise and lead during simulatésl lshiged on
the emergency action plan.

* Periodically evaluate and revise the emergency response plan.

e Document evaluation results and corrective actions and incorporate them
into a revised plan.

TYPES OF EMERGENCIES—NATURAL OR MANMADE

A workplace emergency is an unforeseen situation that threatens empioygtes

ers, or the general public; disrupts or closes down the business; andisaplogsi

cal or environmental damage. Emergencies may be natural or manmade and may be
precipitated by the following:

e Hurricanes

¢ Tornadoes

¢ Floods

e Fires

e Civil disturbances
e Terrorism
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e Chemical spills

e Toxic gas releases

* Explosions

¢ Radiological accidents

« Workplace violence resulting in bodily harm or trauma
e Sabotage

Leadership and direction are key components in all emergency response p
grams. It is essential that industry and business emergency response plans be
properly prepared to handle such conceivable incidents, keeping theenrieatm
of emergency rather than allowing them to escalate into a disaster.

ALERTING AND WARNING EMPLOYEES

The emergency response plan must include guidelines for workers on howrto repo
emergencies, as required. It must also include a way to alert employeedinmclu
disabled workers, to evacuate or take other necessary actions. AlkasfEdsting
warning systems must be identi ed, and provisions may be rmageplement all
of them as needed.

Safety managers must receive timely information on possible threats to the work
place site and be able to transmit that information to key staff members andmll othe
employees. Among the steps for alerting employees are the following:

1. Make sure alarms are distinctive and recognized by all workers asla signa
to evacuate the workplace or perform actions identi ed in the response plan.

2. Inform all employees of the warning system that will be used to alert them
to danger. Provide an alternate means of warning that will back up the
primary system.

3. De ne the responsibilities of departments or personnetiaadribe activa
tion procedures.

4. Secure an auxiliary power supply in the event that electricity is tufhied o

5. Refer td29 CFR 1910.16%b)(2) for more information on alarms.

Although not required by OSHA, safety professionals may also want to conside
the following:

1. Various devices to alert employees not able to recognize an audible or
visual alarm.

2. An updated list of key personnel, based on priorities (plant managg¥, phy
cian), to notify in the event of an emergency during off-duty hours.

ACCOUNTABILITY AFTER EVACUATION

It is critical to account for all employees following an evacuation. Pmubl@ the
assembly area can lead to delays in the rescue operations for people trapped in a
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building. The fastest and most accurate way to account for employees isrpminco
rate and follow the steps below as part of the emergency response plan.

1. After evacuation the employees should gather in a predesignated asgsesnbly a

2. A roll call should be administered in the assembly area. The names and
last known location of anyone not accounted for should be submitted to the
of cial in charge.

3. A method should be established to account for nonemployees, such as
customers and suppliers.

4. In case the incident worsens, procedures for further evacuation skould b
established. This may consist of sending employees home by norarad me
or providing them with transportation to an off-site location.

Management should include employees in the development of the emergency
response plan. Encourage the employees to offer suggestions aboutalpoten
hazards, worst-case scenarios, and proper emergency responseseVtigping
the plan, review it with your employees to make sure everyone knows what to do
before, during, and after an emergency. Make sure that all employe&s popier
training for emergencies. Hold staff meetings periodically to review theedures,
and keep a copy of the emergency response plan in an easily accessible location.

TRAINING EMPLOYEES ON TYPES OF EMERGENCIES

Train all employees relative to the type of emergencies that may occur and thee cours
of action to be taken. Be sure employees understand the funoti@eanents of the
emergency response plan, including types of potential emergenpi@ging proce

dures, alarm systems, evacuation plans, and shutdown procedurese Tinigade
should discuss any special hazards that are on site such as ammable matedals, to
chemicals, radioactive sources, or water-reactive substancesddlggalers should
clearly communicate with all employees in leadership roles during an emogrp
minimize confusion.

Key PoiNTS FOR TRAINING BvPLOYEES

Employee training is crucial for most activities within any company apedadally
when it deals with emergency response. Proper training in this area will priovea
tant asset to the entire enterprise, as well as to each employee, if and whewléds nee
Speci ¢ training may involve brigade team leaders as well as emergepondces
ers from the outside. Training should include the use of re extinguishergrpow
disconnects, emergency response procedures, search and rdstigeése rst aid,
and medical treatment such as CPR.
General training should include the following:

« Emergency response procedures
¢ Individual roles and responsibilities
e Hazards, threats, and protective procedures
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¢ Noti cation, warning, and communication procedures
* Location and use of common emergency equipment

e Shelter and accountability procedures

¢ Facility shutdown procedures

e Means of locating family members in an emergency

The corporation should train its employees in rst-aid procedures apiaes
tory protection, including the use of an escape-only respirator; pateagiainst
blood-borne pathogens; and methods for preventing unauthorized actiessite.

Once the emergency action plan has been reviewed with all employees and every
one has had the proper training, it is a good idea to hold simulated drills. Drills
should be scheduled as often as necessary to keep employees prepared]|dut shou
be at least once a year. A critique should be held after each drill with management
and employees to evaluate the effectiveness of the drill. Oncdrémgths and
weaknesses of the plan have been identi ed, management should be encouraged to
improve it with additional elements.

A ScHooL FRE PLAN FOR IMPLEMENTATION

This similar approach for general training in school districts is eoMerAppendix E.

By implementing certain guidelines, and the right personnel follpthese guide

lines that have been laid out to school of cials in the re prevention play,\lié

have capable knowledge on how to react, manage, and survive re threats to them or
any other person within the facility. The plan will provide clear and precs$eic-

tion for following the requirements and actions.

CONTINUITY OF MANAGEMENT

Speci ¢ measures should be developed to ensure continuity of leguldisinig any
emergency. These should include:

e Maintaining a continuous chain of command.

¢ Developing and establishing lines of succession for key of cers armaope
ing personnel.

e Providing for an alternate corporate headquarters.

Preservation and protection of vital records in an emergenegsiential for
quick return to normal operations. The vital-information protectiagm@mm is an
administrative tool for safeguarding records. Managementdgrsystematically
determining what information is vital and which records contain thisrirdtion.

SUMMARY

The key to implementing a successful emergency response action program is to
make sure that it is comprehensive. The plan will provide establisheedones and
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guidelines for management and staff to follow in the event of an emergency that will
improve the readiness of the workers and their facility. The plan should baetésig
and developed to ensure the safety and well-being of all employees andetd prot
property at the workplace site.

Study Guide Questions

Part |

WN

. What is the key element of an emergency response action plan?
. List two causes that can be responsible for a workplace site emergency.
. What are speci ¢ measures that should be developed to ensure confinuity o

leadership during any emergency?
. An emergency response plan must include?

. What are the potential areas for some type of emergency situations?

4
5. What are the steps for alerting employees of an emergency?
6
-

. What is the most important thing an individual can accomplish during
any emergency?
8. What are the areas a re brigade can discuss while they are at the site?
9. What are the various devices that are available to alert employees not able
to recognize an audible or visual alarm?
10. What is the relationship between the National Incident Command System
(NICS) and the National Incident Management System (NIMS)?

Part Il

True or False?

a.

In the year 2000, natural disasters alone claimed the lives of more than
50,000 people around the world.

Terrorism does not constitute a workplace emergency.

According to FEMA, all jurisdictions—suburban, urban, and rural
areas—could experience some type of emergency situation.

Fire brigades should not discuss any special hazards on site within
the workplace.

Various devices to alert employees not able to recognize an audible or
visual alarm should be part of the alerting and warning program.

Case Study—Power Plant Explosion

The following case study depicts the description of the event and concludes wlit
the summary and conclusions. This model would encourage a group discussion by
enlarging on the different levels of performance in discussing a power plarexplo-
sion. Names and location of this incident have been changed to give a completg
different appearance.
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Date of Incident: November 13, 1999

Time of Incident: 1:00. .

Location of Incident: Cheshire Power Station, Cheshire, MA

Losses Incurred: Severe plant damage, lost-time injuries, powergjener

Plant Description

The Cheshire Power Station, located just upriver from Pitts eld, Mhss#tts, has
two 550-megawatt electric-generating coal fed boilers. The plasitcemastructed in
the early 1970s and is a part of the State Power Systems Utility. The two undasare ¢
bustion engineering boilers that are red on pulverized coal crushed in @EdRa
Roller Mills located inside the plant building. Normal operating cootiof the
boilers are 1000 degrees and 3600 psi at full load.

Description of the Event

On November 12, 1999, there was an indication of a re in the 1A coal pulverizer.
The supervisor in charge made the decision to spray water on the outsidefjtioiet o
pulverizer in an attempt to cool the hotspot. The water appeared to hdwe tuo
hotspot and everything appeared to, return to normal opesatiban temperatures

in the mill dropped from 150 degrees to 130 degrees. The day shift relievedtihe ni
shift on the morning of November 13 and continued to observe the 1A mill with no
indications of any trouble.

At approximately 1:00.. , a series of explosions occurred in and around the
1A pulverizer mill. The initial explosion separated a discharge piggrig€rom the
pulverizing mill to the boailer, releasing coal dust into the atmospfdre explosion
stirred the coal dust in the atmosphere, creating a rolling reball thagdiphrough
the plant in all directions, feeding on the fugitive plant structure. The fof¢he
explosion downed several internal block walls near the 1A mill. Numeroalt ses
were started throughout the plant in cable trays and any combustibléatn&everal
employees were injured with burns ranging from mild to very severe. Thekgori
system throughout the plant operated as designed and department damagesfto
a minimum. The sprinklers also kept the ammable materials includingja &orage
of hydrogen used for turbine cooling, from igniting.

Post-Response Assessment

Analysis and investigation by the Cheshire plant management and emngnstaff
concluded that several factors contributed to the explosion of the CE-Raymiterd Ro
Mill. The analysis also pinpointed several conclusions for improving tseersyto
ensure explosion prevention during future operation.

e The design of the mill included a fender located in the grinding section of
the mill that allowed for the buildup of material in several locations. The
mill should be redesigned to stop the buildup of materials that could cause a
hazardous situation.

* The associated pulverized coal piping system was couplethésge allow
for expansion and contraction during load swings, creating a weakness in the
system and a place for escape in the event of overpressurization. A stronger,
more rigid system should be designed to prevent escape.
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e Pulverizers should be redesigned to include a water supply and steam
inerting system in the event of a re.

e A continuous gas monitoring system should be installed thatsvedexploe
sive gas buildup before an ignitable atmosphere is present.

* Improvements in policy, procedure, and training should be made feraill
and coal- re situations.

Summary and Conclusions

In summary, the re protection sprinkler system helped to presenditional re
damage following the mill explosion. This protection is consistentMRRA National
Fire Code 850: Electric Generating Plantwore speci cally,NFPA 8503: Pulverized
Fuel SystemsQuick action by the on-shift operations support staff in initiating rst
aid and emergency response helped to save the lives of the severely buriogdesnpl
Changes made in attitudes, training, equipment, and procedures siimadbnt have
made the process much safer.
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The United States
Fire Administration

L 0]
After completion of this chapter, the reader should be able to:

1. Describe the mission of the United States Fire Administration (USFA)

2. Explain the development and implementation of the National Fire Iniciden
Reporting System (NFIRS).

3. De ne the creation of an Arson Resource Center to serve as a hedfera
ence center.

4. Describe the creation of the Home Safety Surveys in Rural Areas program

5. Explain the responsibilities of the National Fire Academy.

THE FIRE ADMINISTRATION’S MISSION

The mission of the United States Fire Administration (USFA) is to limit the loss of
lives and economic assets caused by re and related emergencies througdinlpade
advocacy, coordination, and support. USFA serves the nation independermity: in ¢
dination with federal agencies, and in partnership with re protection imedgency
services in communities. With a commitment to excellence, USFA popidelic
education, training, technology, and data initiatives.

The National Fire Problem

Direct Dollar Loss

Year Fires Deaths  Injuries (in Millions)

2000 1,708,000 4045 22,350 11,200
2001 1,734,500 61,963 211,004 44,060
2002 1,687,500 3380 18,425 10,300
2003 1,584,500 3925 18,125 12,370
2004 1,550,500 3900 17,875 9800
2005 1,602,000 3675 17,925 10,700
2006 1,642,500 3245 16,400 11,300
2007 1,557,500 3430 17,675 14,680
2008 1,451,500 3320 16,705 15,590
2009 1,348,500 3010 17,050 12,500
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Thirty-six years ago, the passage of the Federal Fire Prevention and Cattrol A
(Public Law 93-498) created a federal agency to focus on the nation's re problem.
Originally called theNational Fire Prevention and Control Administratiohwas
later renamed the United States Fire Administration.

USFA REORGANIZATION

The reorganization structure for the U.S. Fire Administration was thblpualis-
cussed and well thought out. It was a process that involved representation from
the bargaining unit and management alike at a level that was unprecedented in the
history of the Federal Emergency Management Agency. Currently, the managemen
team provides direction and leadership to move the organization forwardhe
director has honored his commitment by enhancing the budget and sogpbeti
new organizational structure.

USFA's ve-year operational objectives, beginning in 2002, were:

1. Reduce the loss of life from re by 15 percent.

2. Achieve a 25 percent reduction in the age group of infants to 14-year-olds

3. Achieve a 25 percent reduction among those 65 and older.

4. Achieve a 25 percent reduction among re ghters.

5. See that 2500 communities have a comprehensive multihazard risk reduc
tion plan in place, led by or including the local re service.

6. Respond appropriately in a timely manner to any emergent issues.

A BRIEF HISTORY OF THE UNITED STATES FIRE
ADMINISTRATION AND THE NATIONAL FIRE ACADEMY

... The Commission recommends that Congress establish a U.S. Fire Adatioristr
to provide a national focus for the nation’s re problem and to promote a coerpreh
sive program with adequate funding to reduce life and property loss from re.

With this recommendation, in the spring of 1973, the National Commission on
Fire Prevention and Control actually took the rst concrete step towardreyehe
U.S. Fire Administration.

In reality, however, factors that contributed to the creation of the FEineidistra
tion were many and began in the late 1960s.

In 1967, three astronauts died in a re aboard an Apollo spacecraft. That decade
also saw disastrous res as a result of riots that devastated many Sedftidris
country’s major cities; a re in Montgomery, Alabama, took the lives of sévera
national union of cials, and a re in a dormitory at Cornell Universitjldd a
faculty member and eight students.

While these tragic events were creating a climate for change among the public and
government representatives, the re service was creating its own climateafugech
with a major national conference, known as Wingspread |. Anfeng2 “statements
of national signi cance” that resulted from this conference was one critichleto t
concept of a federal focus on the nation’s re problem. That statereadt “The
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traditional concept that re protection is strictly a responsibility oalagyjovernments
must be reexamined.”

The following year, the U.S. Congress passed the Fire Resear&atety Act of
1968. This legislation provided for many of the initiatives, including thiec@mn
of comprehensive re data and re safety education and training programsh whi
ultimately became the responsibility of the U.S. Fire Administration. Hexyéve
most signi cant section of this Act established a 20-member task force kreothie a
National Commission on Fire Prevention and Control.

Unfortunately, the commission was not appointed until 1970 and went wdfund
until 1971. Then, after nearly two years of research and hearings, the cmnmiss
issued its report in May of 1973.

In addition to recommending the creation of the USFA, the commission made
90 other recommendations, covering the agency’s structure, progratisigiuand
cooperation with other government departments and private organizations.

The primary result of the commission’s report, however, was the writing acd ena
ment into law of the Federal Fire Prevention and Control Act of 1974 (P.L. 98—498

The law created the National Fire Prevention and Control Administration and
placed it in the Department of Commerce. The agency would be run by a presiden
tially appointed administrator who would report to the SecyathCommerce. The
National Fire Data Center and the National Academy of Fire Prevention and Control
were speci ¢ parts of the Fire Administration, with the Academy Superietand
though appointed by the President, reporting to the Fire Administrator.

The Fire Administration, among other responsibilities, was chargéd wit

e Conducting a major national program of public re safety education.

» Assisting with the improvement of re service training and education pro
grams of all kinds at all levels.

e Promoting the drafting of master plans for re prevention and control by
local and state governments.

e Studying and assisting with the improvement of re service management.

ACCOMPLISHMENTS AND PROBLEMS

While the Fire Administration’s accomplishments are many agwi sant, the
agency has been beset by a seemingly endless parade of administratemgprobl
that many believe have hindered the USFA's effectiveness.

ProBLEMS

A complete explanation of the Fire Administration’s dif culties is simpdy possible
in this brief overview. However, it is possible to t most of the problems into the
following categories:

¢ Lack of management continuity

« Numerous reorganizations and reprioritizations

e Several relocations of its headquarters

¢ Aninstability of the federal commitment (funding and authority)
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During the rst eight years of its existence, USFA had a total of ninagaand
permanent administrators. In that same time frame, the Fire Academy had six acting
and permanent superintendents.

The next two categories—reorganizations, reprioritizations and relosati
have been intertwined throughout the history of the Fire Administration.

When its work began in 1976, the Fire Administration developed a ve-year plan
that was to carry the agency through 1980. The plan divided the USFA into ve
program areas: general administration, Fire Academy, Public Educdtam Bire
Data Center, and the Fire Safety and Research Of ce.

As early as 1977, a program to restructure and reorganize various feede@aéag
began to cast a shadow on that ve-year plan. The Fire Administration was one of
the agencies targeted for reorganization and, in 1979, the USFA was moved into the
newly formed Federal Emergency Management Agency (FEMA).

The transition period was a time of instability and uncertainty for the Fire
Administration, causing an interruption in the continuity of the USFAg@ims
and changes in personnel at the top of the Fire Administration and Fire Academy.

The transition also caused the development of a new ve-year plan (1979-1983)
with an altered structure and different program areas. The agency wasddivid
into three divisions: Fire Academy, Of ce of Planning and &ation, and Fire
Data Center.

The program areas were:

* Arson prevention and control

¢ Residential re safety

e Fire ghter health and safety

» Cost-effective re protection management

e Fire incident command

e Emergency medical services

e First response to natural disasters

e First response to nuclear disasters

e First response to hazardous materials incidents

Changes in management and structure continued through 1980 and 1981, resul
ing in a major reorganization of FEMA in 1981. FEMASs new emphasis was to be on
assistance to state and local governments, and this was to have a major impact on the
Fire Administration and Fire Academy.

The Fire Administration was realigned into four divisions: Adminigirgt
Fire Data Center, Of ce of Fire Protection Management (formerly Of ce of ubli
Education), and Of ce of Fire Protection Engineering and metdgy. For the rst
time, the USFA and NFA budgets were separated, with the Fire Academy budget
falling under FEMA's Of ce of Training and Education.

After reviewing various suggested locations, The National Fire Academy was
located on the site formerly occupied by St. Joseph's College in Emmitsburg,
Maryland. The U.S. Fire Administration moved into the new FEMA Headqsarter
in Washington, DC.
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This structure for the USFA lasted less than two years. In late 1982 and early 1983
the decision was made to move the Fire Administration to the National Emergency
Training Center (NETC) campus in Emmitsburg and to reorganize again. The USFA
was divided into four of ces: Fire Policy and Coordination; Fire FighterltHesnd
Safety; Fire Prevention and Arson Control; and Fire Data and Analysis.

This instability has continued to the present. During the Higher Education
Project Conference (1999), it was stated that plans were announcedetth® Fire
Administration to FEMA headquarters in Washington, DC. However, theses p
were recently canceled.

Constant reorganizations, reprioritizations, and relocatiwes the years have
caused the loss of experienced personnel, a lack of continuity in the Fire-Admin
istration’s programs, and a general uncertainty about the directiorrianitigs of
the agency.

Funding for the federal re programs has never lived up to initial expectatio
The National Commission on Fire Prevention and Control originally recouieden
a budget of $125 million. Subsequent annual funding levels have not corae clos
to matching this original, recommended budget level. In addition, reiiféideral
priorities and attempts to either eliminate or substantially reducenfyrithve
caused signi cant uctuations in the yearly budgets of the federal re programs
These factors, simply stated, have only added to the uncertainty anditystabi

ACCOMPLISHMENTS

Despite the problems encountered by the federal re programs dhaimgxkistence,
those agencies have a long list of accomplishments that havieghpsibpacted the
nation’s re problem at both state and local levels.

Arson Prevention Control

* Preparation of a report to Congress on the Federal Role in Arson Prevention
and Control.

e Development of the Arson Information Management System to identify
early warning patterns.

e Development of an Arson Task Force Assistance Program to provide tech
nical assistance and nancial support to states and localities.

» Creation of an Arson Resource Center to serve as a national reference center.

* Development of a program to help local re departments deal with the
problem of juvenile re setters.

 Initiation of a three-phase study to identify the arson problem in rurad area
of the United States.

Data Collection and Analysis
e Development and implementation of the National Fire Incident Reporting
System (NFIRS).
e Publication ofFire in the United Statesa detailed analysis of re death,
injury, and loss statistics.
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Fire Department Management

e Development of a nationwide program to encourage master p@nni
including a report to Congress and publication ofuhgan Guide for Fire
Prevention and Control Master Planning

« Initiation of a program to assist communities and re departments in man
aging the entry of quali ed women into the re services.

* Preparation and publication of the Report to Congress on the &feesis
of Sprinklers and Detectors.

Fire Fighter Health and Safety

e Publication and dissemination of an analysis of the causes of accidental
death among re ghters.

¢ Funding of Project FIRES, a program to develop state-of-the-art pvetect
clothing for re ghters.

Life Safety

* Completion of a review of state and local codes that require smoke detectors.

e Completion of a preliminary study of the impact of residential re @sot
tion systems in actual re deaths.

¢ Promotion of the use of smoke detectors through a nationwide smoke detec
tor awareness campaign.

« Distribution of 5 million copies ddmoke Detectors Save LiaaglWake Up!
Smoke Detectors Can Save Your Life

 Initiation of a programto train 9000 local smoke detector specialistswit@n

e Conversion of a re safety evaluation system for hospitals and nursing
homes into a training package for state and health care inspectors.

e Completion of mobile home sprinkler tests to demonstrate the effecs/ene
of sprinklers in reducing re hazards in mobile homes.

¢ Development and implementation of a number of programs and projects
designed to promote the use of automatic detection and sprinkler systems
throughout the country.

National Fire Academy

e Completion of a survey to assess the status of education and training for the
nation's re service.

* Development of the Open University, which will allow students to partici
pate in accredited programs through independent self-study.

e Training of an estimated 350,000 students through the Academy Field and
Resident Divisions and Train-the-Trainer programs.

Policy and Coordination
* Publication of thdlicrocomputer Resource Directory for Fire Departments
e Publication of th&MS Resource Directory
e Broadcasting of a series of teleconferences on a varietyio$ timpnation
wide audiences.
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e Establishment of the Integrated Emergency Management System (IEMS)
to bring all elements of a local jurisdiction together in the disaster plan
ning process.

Public Fire Safety Education

« Development of experimental public re safety education programs for
local, state, and federal agencies.

e Development of a ve-step system for community re education planning
for use by local re educators.

e Creation of the “Home Safety Surveys in Rural Areas” program.

e Sponsorship of the Children’s Television Workshop's production ef r
safety programs fdBesame Street

e Sponsorship ofOperation Dixielandin cooperation with the state of
Arkansas to impact Arkansas’ re death rate—the fourth highest in the
nation.

USFA'S STRATEGIC INITIATIVES

USFA's long-range planning vision is to become the “American Fire and Emgrgenc
Services Leader.” These strategic elements are to provide national |gatiefssier
a solid foundation to the re and emergency services stakeisoldeprevention,
preparedness, and response (USFA).

USFA's ve-year strategic plan, beginning in 2010 follows:

1. Reducing risk at the local level, by fostering a preventi@hnaitigation

approach:

* Incorporate new technologies, plans, and training to reduce the line of
duty deaths and injuries.

» Use guidelines of USFAs assessment (Report Card) for re prevention
and life safety.

»  Commit to the Emergency Medical Services (EMS) role and engage the
federal, state, and local EMS organizations, by providing a system at
the management and educational levels for EMS leaders.

2. Improving the local planning and preparedness levels by working with
local responders.
« Enhance and maintain a National Fire Incident Reporting System (NFIRS).

3. Improving the re and emergency services’ capability of the local respond

by utilizing additional training and preparing more rst responders.

e To place more of a focus on collaboration and coordination with the
re and emergency service stakeholders in order to enhance a better
response system during national disasters.

« To provide adequately funded federal grants to assist réeghand
re prevention programs with additional staf ng.
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4. Improving the re and emergency services’ professional status through
NFA by implementing a professional development, training, and educa
tion program.

» To facilitate opportunities for professional development and be able to
provide USFA with a quali ed staff.

5. Leading the nation’s re and emergency services by establishing and sus
taining USFA as a dynamic organization. As an organization, USFA is
committed to developing and preparing highly skilled employees.

* Improve, expand, and maintain the NETC facility, which has been the
home of NFA and FEMAs Emergency Management Institute since 1980.
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After the completion of the chapter, the reader should be able to:

)

1. List the best methods of ensuring your enterprise’s recoveryuoegployees
well-being.

. Explain the creation of the Department of Homeland Security.

. Write a crisis communication plan.

. Develop an evacuation plan.

. Prepare for utility disruptions.

. Detail procedures to support employees’ health after a disaster.

. Promote family and individual preparedness.

. Explain and understand the different threats and plan for a varigtiatibss.

OO WN

HOMELAND SECURITY

The devastation of September 11, 2001, forced the United States to focus on an
emergency response and national preparedness management program. The events
of September 11 underscored the need for the importance of developing national
standards to cope with hazardous disruptions. Also, during this time theréewer
standards implemented to aid the federal government. Now, politiciangudtic
service groups have started to recognize such problems and betarastéd in
supporting issues to provide a national and holistic approach to commanéand m
agement preparation for such standards.

Terrorist's acts occurred but never received the attention that they do now.
Because of the lack of public attention, there was no need for one department to
house all governmental agencies that were responsible for protectingcénidris
usually meant that no planning or methods of defense took place until after-an inc
dent occurred. The FBI was the primary department for protecting America. Local
law enforcement agencies also handled the investigation procedures. ddral Fe
Emergency Management Agency helped out with the remediation process. Military
support only occurred when a serious event occurred and ns@aase was needed.

The Department of Defense and the Department of Justice worked to help protect
the United States with domestic situations. The téfeapons of Mass Destruction
(WMD) was coined and the Department of Justice handled the intelligence of those
situations. Various commission of ces were created under the Executive aif
the President to help monitor security activities. The Of ce of Management and

185
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Budget (OMB) decided that the three main objectives of Homeland Securiy wer
counterterrorism, defense against WMD, and the protection of the critital i
structure. These were the views until the tragic events of September 11, 2001.

EVENTS LEADING TO THE DEPARTMENT OF HOMELAND SECURITY

Once the Homeland Security Act was passed, the Department of Homeland Security
(DHS) was created. Prior to the Act being passed, there was an Of ce of Homeland
Security, which was created on October 8, 2001. Governor Tom Ridge wast@ppoin
as the Director. The main purpose of the Act was to protect against terrorism and be
able to respond to any future attacks that may occur. There were four main snission
associated with the of ce. President Bush wanted Divisions for Border andpia
tation Security, Emergency Preparedness and Recovery, Chemical Gmageres,
and Information Analysis. The mission had three main objectives (a) tapteve
rorist attacks, (b) to reduce vulnerability, and (c) to minimize the dameggdént
Bush asked Congress to sign a bill into law that would allow government agencies to
work under one central leadership command.

When the Homeland Security Act of 2002 was signed into law, the Department
of Homeland Security (DHS) became the third largest cabinet in the federal-govern
ment, right behind the Department of Defense and Veterans Affairs.

EMERGENCY PREPAREDNESS AND
BUSINESS CONTINUITY STANDARDNFPA 1600)

This standard NFPA 1600 was developed by the National Fire Protection
Association (NFPA) and endorsed by the American National Standards Insidute a
the Department of Homeland Security to provide practical information ta bssis

ness owners and managers to prepare for res, oods, tornaddspractices for

all kinds of emergencies. Because re is the most common of all business disaster
Homeland Security recommends that plants and of ces should benipliance

with re codes and regulations by installing smoke alarms, detectatsy@extin-
guishers in appropriate locations. This is followed up with a process fangldrée

re departments with how people evacuate in a re.

To support this concept, the Secretary of Homeland Security providedegistrat
direction to ensure that NIMS Integration Center (NIC) remains an accuite an
effective management tool. The NIC will provide, develop, and facilitate natio
standards for NIMS education and training to standardize the program with NFP

AcT oF 2002

On November 25, 2002, 118 members of Congress cosponsored a bill that would
forever change American history. Americans still had the events of the tésroris

attacks of September 11, 2001, on their minds. That bill was titled the Homeland
Security Act of 2002. There were various elements to the bill, but the focal point was
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to establish the Department of Homeland Security (DHS). Thus, this was the rst

attempt to increase methods of combating future terrorist attacks on Amaetiican s
The bill called for organizational changes. This meant that existing depastment

of the federal government were being moved under a new leadership department.

The purpose was to create a new centralized department that could handle the new

security challenges that the country was facing. This was the biggest iizatigan

within the federal government since the creation of the Department of Defense in

1947. DHS incorporated 22 governmental agencies into a single orgamizdtier

Congress passed the bill, President George W. Bush signed the bill into law.

EMERGENCY MANAGERS

Our rst line of homeland defense in any emergency is our “ rst responderk” suc

as our re ghters, police departments, and emergency medical professibirats
responders are the ones that will save lives and become involved with tiee cons
quences of a terrorist attack. The emergency management and health care units fall
in line as a critical second tier to the rst responders. Homeland Securigiveis

will more or less focus on improving our preparedness to respond to a tertadist at

In the United States, as we prepare for the everyday emergencies, we de not cur
rently have the adequate resources to respond to the full range of threatsnEynerge
managers include the management of the consequences of terrorist acts and aggres
sion of other domestic emergencies. At this juncture is when the rst responders
and emergency managers play key roles. These emergency manageleéma
serving Homeland Security for many years. During the Cold War,was called
civil defenseawith the chief threat being a nuclear attack. The main point of operatio
was located at Fort Custard in Battle Creek, Michigan. Currently, compredensiv
emergency management, homeland security, and terrorist preparednaskidesl i
in anall hazardsprogram.

This Comprehensive Emergency Management Plan (CEMP) is an ovegarchi
process that includes mitigation, preparedness, response, andyeseagents. A
sound emergency management approach is required to mitigate the impact-of every
day disruptions as well as manage the response to and recovery fromt teitamis
and other disruptions.

HoMELAND SECURITY REORGANIZED INTO THE FOLLOWING AGENCIES

< Directorate for National Protection and Programs
< Directorate for Science and Technology

e Directorate for Management

e Of ce of Policy

e Of ce of Health Affairs

e Of ce of Intelligence and Analysis

e Of ce of Operations Coordination and Planning

¢ Federal Law Enforcement Training Center

e Domestic Nuclear Detection Of ce

e Transportation Security Administration (TSA)
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e U.S. Customs and Border Protection (CBP)

¢ U.S. Citizenship and Immigration Services

¢ U.S. Immigration and Customs Enforcement (ICE)
e U.S. Coast Guard

¢ Federal Emergency Management Agency (FEMA)
e U.S. Secret Service

Abpvisory GRouPs

¢ Homeland Security Advisory Council

» National Infrastructure Advisory Council

* Homeland Security Science and Technology Advisory Committee

 Critical Infrastructure Partnership Advisory Council

e Interagency Coordinating Council on Emergency Preparedness and
Individuals with Disabilities

e Task Force on New Americans

e DHS Labor-Management Forum

FIVE MAJOR CATEGORIES OF HOMELAND SECURITY

The goal of Homeland Security is to work within the United States and its susround
ing borders to protect our country and the people that reside here. This includes
protecting the country from terrorist attacks and being able to respong tatan

ral disaster that occurs. The of cial motto is “Preserving Freedomse&nog
America” (DHS). The Department has broken up the responsibilities into vermaj
categories. The following list is the main areas where the responsibikties li

e Guarding against terrorism

e Securing our borders

e Enforcing our immigration laws

e Improving readiness, response, and recovery from disasters
e Maturing and unifying the department

PREVENTION AGAINST TERRORISM

The founding reason for the Department of Homeland Security was to protect the
American people against acts of terrorism. With total cooperation, the Degpert
hopes that people will not have to live in a constant state of fear. These goals can
be achieved through a number of ways. The rst method is by improving domestic
and international relationships. DHS has set up fusion stations in every state and
major city to help communicate with the federal government. New law enforcement
agreements have been signed with the federal government. New law enforcement
agreements have also been signed with the Department of Justice to combat arms
improvements, develop a stronger science discipline, and to impobveotegy with
international countries. Another method is to protect critical regsuand infra
structures. The third method is protecting cybersecurity. ihémethod is securing
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our transportation resources. This is probably the biggest threat to otnydodlay.
Through agreements with the Transportation Security Administrationyegula
tions have been set up to hopefully improve airport/airplane security

BORDER SECURITY

Most threats to Americans come from nondomestic sources. Border secuuitemcl

our neighbors to the north and south as well as our air- andrseajpgreements

and investments with the Western Hemisphere and the American Recovery and
Reinvestment Act (ARRA) increase more protection to include new $aneg and
tactical methods.

IMMIGRATION LAaws BENFORCED

The United States does not have a problem welcoming new citizens, as long as it is
implemented in a legal manner. Immigration and Customs Enforcement (f\@E) a
U.S. Citizenship and Immigration Services (USCIS) have cracked downding

and processing illegal immigrants. Partnerships with local law egrfoent of cials

have allowed the threat to public safety to decrease.

PrREPAREDNESHRESPONSEAND RECOVERYOF DISASTERS

With the Federal Emergency Management Agency (FEMA) as part of the Depart
ment of Homeland Security, the response to disasters is very critical. Afspoase

to a disaster, DHS wants a positive recovery so that life can continue like ifatiel be

the disaster occurred. New information Web sites, like Ready.gov, helfotmin
citizens on what types of disasters can occur and how they can prepare themselves
if something happens. The Department has increased funding to local utitity co
panies to increase responses and recovery. FEMA has also expanded plgms to he
victims of disasters to obtain the essential resources they need in orderite sur

by increasing public awareness and education for the public to be prepared when a
disaster strikes.

THE NATIONAL INCIDENT MANAGEMENT SYSTEM (NIMS)

NIMS was established to standardize incident management peecesscedures,

and protocols that all responders, that is, federal, state, local, and tiibaisev

to coordinate and conduct response actions. NIMS was created and implemented
by representatives from across the United States. NIMS established vehahct
areas—command, operations, planning, logistics, and nanciatedar manage

ment of all major incidents. Homeland security management is an evolving atld th

is rooted in a number of diverse elds of specialized knowledge and mattiés

is one reason for integrating with the National Fire Protection AssociatieRAN

where there is a comprehensive understanding of how to coordinate and interact
strategic and operational challenges for ghting res, spills, and eiquies while
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including terrorism as a frontline defense in the domestic problems dstlicaa
number of complex issues within our communities.

UNIFICATION OF THE DEPARTMENT

One of the main challenges of the DHS is to bring together 35 departments and to
organize them with one common goal. The rst way to achieve this gaslto

build one facility where all information could be contained. This hapgbbreause

of funding through the American Recovery and Reinvestment Act. Current DHS
Secretary Napolitano has decided to constantly review departmerttiopgrin

order to improve ef ciency and cut costs on taxpayers. Every new emplogee th

is hired must also go through with an ethics brie ng about how DHS operates.
Continuous improvement is the best way to mature and unify a department.

GoaLgPurpPOSES

In order to achieve these goals, cooperation must be had betwee &ttklocal
of cials. This includes government of cials, law enforcement persbnnrst
responders, and citizens of the country. Constant cooperation andadaamong
everyone is the only way to get anything accomplished. Since threats are ever
changing, these relationships must be improved over time. This can be obtained
through continuous education, training, and constant communicationgthout
all departments.

Science and technology are improving every day. It is important that thetbepar
ment is constantly improving in carrying out the objectives. Sharing afnirafiion
must happen between industries, universities, and within the Departnmemtirig
where threats can happen is a key element to help the DHS to determine the best
technology to implement. DHS must stay current on what is happenihg]dmes
tically and internationally, in order to improve ef ciency and public awassn

NATIONAL RESPONSE PLAN (NRP)

The National Response Plan from the Department of Homeland Security establishes
a comprehensive all-hazards approach to enhance the ability of the Unitsdt&tat
manage domestic incidents.

The plan incorporates best practices and procedures from incident mantageme
disciplines such as homeland security, emergency management, re ghdimg
enforcement, public health, public works, responder and recovery eskh and
safety, emergency medical services, and the private sector that integratestthem i
a uni ed structure.

In the Prevention Elementhe National Response Plan may be implemented for
threats or potential incidents of national signi cance to prevent or inmterelessen
the impact of an incident.

The Preparedness Elemeig a continuous process involving efforts to identify
threats, determine vulnerabilities, and identify required mess. The National
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Response Plan provides the basis for the federal department and agencgraampli
with Homeland Security Presidential Policy Directive 8: National Pespyaass.

The National Response Plan provides througtRissponse Elemetite policies
and procedures for coordinating federal support activities thaessldhe short
term, direct effects of an incident. These activities include immedidtmato pre
serve life, property, and the environment; meet basic human needs; araimtamt
social, economic, and political structure of the affected community.

The Recovery Elemernivolves actions needed to help individuals and commu
nities return to normal, when feasible. Recovery actions include théogment,
coordination, and execution of service and site restoration plans and tine reco
stitution of government operations and service through individusf&tprsector,
nongovernmental, and public assistance programs.

PossiBLECHANGES IN THE CoLoR CoDE SrSTEM

The advisory group mentioned earlier in this chapter was in the process wimgvie
the Homeland Security Threat Advisory System, better known a€dlwe Code
However, they wanted to scrap it in favor of warnings that would be more condise an
speci ¢. This was covered during the later part of 2010. This recommendeagkdhan
the Department of Homeland Security’s culture and philosopbgrbander former
DHS Secretary Michael Chertoff when there was a great deal of criticism and vocal
complaints relative to the raising and lowering of the threat level withoupaoycs.

The color code system rst implemented in 2002 has been adjusted 16 times. The
system has never gone below yellow or the elevated risk. Other ceustr@ as
the United Kingdom and France, use threat level systems to inform the public rela
tive to the risk of an attack. The threat level is reviewed by the security service and
the Joint Terrorism Analysis Center in the United Kingdom. The United Kingdom
system does not utilize the color system as the United States but covers thelsve leve
from low to critical.

To date, Homeland Security Secretary Janet Napolitano ordered a 604day rev
of the system to inform the public if it is needed or should be altered. The ndings on
this will not be known until more surveys and research is carried out.

CONCLUSION

Developing programs in higher education based on the elements of homeland

security can help to solidify student advancement in a variety of eldsdetat

safety management and security of our communities. Professionals at eekoy le

business and public service are concerned about continuity of opsyatsonell as

the preparation for prevention and recovery from attacks against the homeland.
Finally, the emphasis to protect the U.S. borders from the defensive measures

taken during the Cold War to cover both the reactive and proactive actions trexs

wide variety of asymmetric threats posed by international terrorists is agkegrel

for homeland security.
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Study Guide Questions
1. What agency was the primary department for protecting the United States?

* The FBI

2. The Department of Homeland Security is responsible for ve major
categories. List the ve major categories.

e Guarding against terrorism
* Improving readiness, response, and recovery from disasters

» Enforcing our borders
* Maturing and unifying the Department
» Enforcing our immigration laws

3. The biggest reorganization within the federal government since theuoreati
of the Department of Defense in 1947 was?

« Department of Homeland Security

4. The Department of Homeland Security is recommending that the Homeland
Security Threat Advisory System—known as @wor Code be scrapped
in favor of warnings that would be more speci c—True or False?

e True

5. To improve cybersecurity the Department of Homeland Security has rec
ommended the following:

» Protecting your business data and information technology systems
» Use antivirus software and keep it up-to-date
* Do not open e-mail from unknown sources

6. Business continuity planning must account for both manmade and natu
ral disasters. List some steps you should prepare in advance to manage

any emergency.

* Use common sense and available resources
» Assess the situation for yourself and coworkers

7. Summarize what you know about the Department of Homeland Security.
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A

Accessibility: Observations during inspection.

Acetaldehyde: Forms explosive peroxides when exposed to oxygen from the air.

Adapter: Fitting for connecting hose couplings with dissimilar threads with t
same inside diameter.

Advanced Exterior Fire Fighting: Offensive re ghting requiring the use of
protective clothing, perhaps including self-contained bregthjpparatus
(SCBA), and performed outside a structure when the re has progressed
beyond the incipient stage.

Aerosols/Flammable Liquids: Flammable aerosols or liquids present special
hazards and their introduction into a general purpose warehouse can spell
disaster. Flammable and combustible liquids are classi eNRFRA 30Q
with Class IA representing the highest hazard and Class IlI1B the lowest.

Alarms—Audible Noti cation: Bell, horn, chime, loudspeaker, or similar device
that is actuated by a signal from an alarm-initiating device.

Alarm-Initiating Device: Mechanical or electrical device that sends an alarm
signal to an alarm-indicating device. Alarm-indicating devices may be
heat, smoke, or gas detectors; manual pull stations; or municipal re alarm
boxes. They may or may not be part of a re suppression system.

Alarm System (Fire Detection): Equipment to detect the presence of re and alert
the occupants and notify the re department.

Aqueous Film-Forming Foam (AFFF): Synthetic foam concentrate that, when
combined with water, is a highly effective extinguishing and blangetin
agent on hydrocarbon fuels.

Automatic Alarm: (a) Alarm automatically conveyed to local alarm bells and/or
the re station when actuated by heat, smoke, ame-sensing devices, or the
water ow in a sprinkler system. (b) Alarm boxes that automatically trans
mit a coded signal to the re station to give the location of the alarm box.

Automatic Sprinkler System: An automatic sprinkler system in a facility provides
a degree of safety that is incorporated into the interior nish requirements.

Automatic Sprinkler Valves: They must be open, and sprinkler standardized
connections must be capped, free of debris, and accessible.

Automatic Wet System: There are ve types of systems. The most common is an
automatic wet system.

B

BLEVE: A boiling liquid-expanding vapor explosion. BLEVES are covered in more
detail in theFire Protection Handboak

195
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Booster Hose: Fabric-reinforced, rubber-covered, rubber-lined hosesi&ow hose
is generally carried on apparatus on a reel and is used for the initial attack
and extinguishment of incipient and smoldering res.

Boiling Point: This is the temperature at which a liquid will boil, given in either
°C or °F. The lower the boiling point, the more volatile and hazardous the
ammable liquid.

Brazing: A welding process in which the base metals are heated but not melted
Brazing can be accomplished with almost any fuel gas in combination with
oxygen or air.

Bunker Equipment: Each re ghter must be provided with protective equip
ment commonly referred to &grnout gearincluding helmet, coat, boots,
trousers, and gloves, as required by OSHA 1910.156.

C

Carbon Dioxide (CO,): (a) Colorless, odorless gas that neither supports combustion
nor burns, a waste product of aerobic metabolism. (b) Common extinguish
ing agent used in portable re extinguishers.

Catalyst: Substance that modi es (usually increases) the rate of a chemical reaction
without being consumed in the process.

Central Alarm System: System that functions through a constantly attended
location (central station) operated by an alarm company. Alarm signals
from the protected property are received in the central statidrare then
retransmitted by trained personnel to the re department alarm cemmu
nications center.

Charge: To pressurize a re hose or re extinguisher.

Chemical Chain Reaction: One of the four sides of the re tetrahedron represent
ing a process occurring during a re. Vapor or gases are distilled from
ammable materials during initial burning. Atoms and molecules ar
released from these vapors and combine with other radicals to form new
compounds. These compounds are again disturbed by the heat, releasing
more atoms and radicals that again form new compounds, and so on.

Class A Fire: Fires involving ordinary combustibles such as wood, paper, cloth,
rubber, and some plastics.

Class B Fire: Fires of ammable and combustible liquids and gases such as gaso
line, alcohol, kerosene, and propane.

Class C Fire: Fires involving energized electrical equipment. Nonconde&itin
guishing agents are necessary to extinguish Class C res.

Class D Fire: Fires of combustible metal such as magnesium, sodium, titanium,
powered aluminum, potassium, and zirconium.

Class K Fire: Fires are located most often when cooking with fats, oils, and grease,
most often found in commercial cooking operations.

Codes: Documents written in a form and language appropriate for laws and ordi
nances. Their requirements are mandatory provisions using the word “shall.
They set forth minimums to protect the health and safety of society and
generally represent a compromise between optimal safety and economi
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feasibility. Codes generally include administrative provisjate nitions,
and requirements.

Combination Detector: Alarm-initiating device that is capable of detecting an
abnormal condition by more than one means. The most commoringemb
tion detector is the xed-temperature/rate-of-rise heat detector.

Combustion: Self-sustaining process of rapid oxidation of a fuel, which yres
heat and light.

Command: Act of directing, ordering, and/or controlling resources by virtue of
explicit legal, agency, or delegated authority.

Command Post: Command and control point where the incident commander and
command staff function and where those in charge of emergency units
report to be briefed on their respective assignments.

Conduction: Transfer of heat by direct contact or through an intervening heat-
conducting medium.

Convection: Transfer of heat by the movement of uids or gases, usually in an
upward direction.

Corrosive: Can eat through metal and/or burn skin or eyes on contact.

Coupling: Fitting permanently attached to the end of a hose. Used to connect two
hose lines together or a hose line to such devices as nozzles, appliances,
discharge valves, or hydrants.

D

Daily Inspection: In many facilities there are items that should be checked aaily
at some other periodic intervals.

Decontamination (DECON): Removal of hazardous materials from anyone or
anything that has been contaminated.

De agration: This is a combustion reaction that travels slower than the speed of
sound while a “detonation” is a combustion that travels at or above the
speed of sound.

Deluge Sprinkler System: Fire protection sprinkler system in which the sprinkler
heads are always open. The system is controlled by a valve that operates
automatically by a thermostatically actuated device.

Dispensing System:This generally involves the transfer of liquid from xed piping
systems, drums, or 5-gallon cans into smaller end-use containers.

Drill: A simulated exercise conducted to practice and/or evaluate traimgaglal
received; the process of skill maintenance.

Dry Chemical: An ordinary dry chemical used primarily to extinguish ammable
liquid res. The most common include sodium or potassium bicarbonate,
mono-ammonium phosphate, or potassium chloride.

Dry Pipe Sprinkler System: Fire protection sprinkler system that has air instead
of water under pressure in its piping. Dry systems are often installed in
areas subject to freezing. ReferN&PA 17: Standard for Dry Chemical
Extinguishing Systems

Dry Powder: Extinguishing agent suitable for use on combustible metal res.
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E

Egress: In a building, the exit access portion of the means of egresssgen
erally comprises the majority of the oor area. Exit access inslule
portions of a building through which an individual has to travel to reach an
exit from any occupied spot in the building. Understandind-tfeeSafety
Coderequirements that apply to means of egress is of great importance.
The distance a building occupant must travel to reach his/her nearest exit is
termed theravel distance

Expellent Gas: Any of a number of inert gases that are compressed and used to
force extinguishing agents from a portable re extinguisher. Nitrogine
most commonly used expellent gas.

Exposure: (a) Structure or separate part of the re ground to which the re could
spread. (b) People, property, systems, or natural features that are or may be
exposed to the harmful effects of a hazardous materials emergency.

Extinguishing Agent: Any substance used for the purpose of controlling or extin
guishing a re.

F

Female Coupling: Threaded swivel device on a hose or appliance made to receive
a male coupling of the same thread and diameter.

Film-Forming Fluoroprotein Foam (FFFP): Foam concentrate that is based on
uoroprotein foam technology with aqueous Im-forming foam (AFFF)
capabilities.

Fire: Rapid oxidation of combustible materials accompanied by a release of energ
in the form of heat and light.

Fire Alarm System: System of interconnected alarm-initiating and alarm-indicating
devices designed to alert personnel to the existence of a re in the pro
tected premises. Alarm system may or may not be connected to a re
suppression system.

Fire Behavior: Manner in which fuel ignites, ames develop, and heat and re
spread; sometimes used to refer to the characteristics of a particular re.

Fire Brigade: Employees within an industrial occupancy who are assigned at
least basic re ghting duties and responsibilities. The full-time eccu
pation of brigade members may or may not involve re suppression and
related activities.

Fire Brigade Vehicles: Emergency response vehicles used by re brigade personnel
for re suppression, rescue, or other specialized functions.

Fire Control Zone: Uninvolved area immediately surrounding a re, wide enough
to protect re brigade members and others from the adverse effects of
the re.

Fire Department Connection (FDC): Point at which the re department can connect
into a sprinkler or standpipe system to boost the water ow in the system.

Fire Detection Devices:Devices and connections installed in a building to detect
heat, smoke, or ame.
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Fire Detection System: System of detection, wiring, and supervisory equipment
used for detecting re or products of combustion and then signalety th
these elements are present.

Fire Extinguisher: These portable held re extinguishers are installed in many
occupancies to give the occupants a means of ghting a re manually.
Portable re extinguishers are not required by all occupancies and they are
designed to ght incipient res.

Fire Extinguishing Special Agent System:The most widely used special agent
extinguishing systems are carbon dioxide, halogenated agents (soon to be
eliminated), and dry chemicals. These systems initially are designed for a
de ned hazard. There are three basic methods used to apply extinguishing
agents: total ooding system, local application systems, and hand hese lin

Fire-Gas Detector: Device used to detect changes in the makeup of the atmosphere
within a con ned space as a result of combustion taking place within the space

Fire Hose Inspection Requirements:Fire hose found in commercial or indus
trial environments generally is intended either for occupant use in gealin
with incipient res or for use by trained re ghters or brigade members in
attacking a re. The former is known as accupant use hosand the latter
as amattack hose

Fire Point: The point or temperature at which continuous combustion takes place.

Fire Pump: (@) Water pump used in private re protection to provide water
supply to installed re protection systems. (b) Water pump on a piece of
re apparatus.

Fire Stream: Stream of water or other water-based extinguishing agent iafter
leaves the re hose and nozzle until it reaches the desired point.

Fixed Monitor System: Fire suppression system employing stationary master
stream devices (monitors) in areas where large quantities of water or foam
will be needed in the event of a re.

Flame Detectors (also calledlight Detectors These are used in some re detec
tion systems. There are two basic types: those that detect lidjiat irtta
violet wave spectrum (UV detectors) and those that detect light in the
infrared wave spectrum (IR detectors).

Flammable: Capable of burning and producing ames.

Flash Point: The temperature at which a liquid gives off a gas or vapor suf cient to
form an ignitable mixture with the air adjacent to the surface of the liquid.

Flashover: Stage of a re at which all surfaces and objects within a space have been
heated to their ignition temperature and ame breaks out almost at once
over the surface of all objects in the space.

Foam: Extinguishing agent formed by mixing a foam concentrate with water and
aerating the solution for expansion; for use on Class A and Class B res.
Foam may be protein, synthetic, aqueous Im forming, high expansion, or
alcohol type.

Fog Stream: Water stream of nely divided particles used for re control.

Fuel: Flammable and combustible substances available for a re to consume.

Fusible Link: Connecting link disk that fuses or melts when exposed to heat. These
are utilized in sprinkler heads, dampers, re doors, and ventilators.
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G

Gallons per Minute (GPM): A measurement used by the re services for the
movement of water. Water used for re protection must be segregated by
values from the portable water that is delivered through thecpwater
supply system. This is covered undiéPA 24

Gases: The most common use for ammable gases is as fuel in gas-burning appli
ances and industrial heating equipment with air, and in cutting and weld
ing processes with oxygen. Flammable gases are also used fmamed
purposes, principally with oxygen and nitrous oxide. Nearly all domesti
and commercial gas appliances are covered by ANSI or UL Standards and
are tested by the American Gas Association Laboratories, Underwriters
Laboratories, and other testing laboratories. The release of gas frem con
tainers and piping does occur and this escape must be stopped.

Gas Cylinders: Cylinders that show signs of severe damage, corrosion, or re exposure
must not be used. The cylinder temperature should not be allowed to exceed
103°F. Always make sure that all labels and markings on the cylinder are leg
ible and never use a cylinder whose contents are not known. Also, never store
cylinders where they may be exposed to physical damage or to tampering.

Guides: Written by nationally recognized organizations, guides explain ascode’
standard’s written intent. They are advisory in nature and may give instruc
tions, but do not contain mandatory provisions.

H

Halogenated Agent SystemsThese agents or halogens have a number of unique
re protection qualities. Fire protection halogens currently aragoe

phased out by the Montreal Protocol based on the fact they are linked to the
destruction of the Earth'’s stratospheric ozone layer.

Heat Detectors: These detectors respond to the thermal energy signature of a

re and usually are located on or near the ceiling. All detectors should be
tested periodically.

Hand Lines: A small hose line of 2% inches or less that can be handled without any
mechanical assistance. Stations for 1%-inch hose lines should be located
throughout the premises so that all areas can be reached.

Hydrants: NFPA 25calls for monthly inspections of any hose/hydrant houses to
check accessibility, repair physical damage, and to replace missing equip
ment, which is also an important task to cover. There is a speci c checklist
underNFPA 25that is speci c to inspecting hydrants.

Heat Transfer: This is the ow of heat from a hot area to a cold area. This ow may
be accomplished by conduction, radiation, or convection.

Heating System: A major consideration in the installation of any heat-producing
appliance is the effect it would have on nearby combustibleks jrestat
lation clearances are very important, as is insulating combustitsle
faces. Extensive information is covered in Chapter 4 oFtteeProtection
Handbook 17th Edition.
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Hose Line: To transport water from a source of supply to a point of application,
usually to suppress a re.

Hydrostatic Testing: According to NFPA, an “inspection” is required to give a
reasonable amount of assurance that an extinguisher is available, fully
charged, and is operable. “Hydrostatic testing” should be performed by
personnel speci cally trained for this task. The purpose of the test is to
protect against the unexpected failure of the cylinder.

Ignition Sources: All ignition sources should be controlled or eliminated in areas
where ammable vapors could be present. The sources of ignition include
open ames, heated surfaces, smoking, cutting and welding, frictional heat,
static sparks, and radiant heat.

Ignition Temperature: The lowest temperature required to start self-contained
combustion, independent of an external heat source.

Incipient Fire Fighting: Activities involved in ghting incipient-stage res inside
or outside of buildings or other enclosed structures.

Incipient Phase: First phase of the burning process where the substance being
oxidized is producing some heat, but the heat has not spread to other sub
stances nearby. During this phase, the oxygen content of the air has not
been signi cantly reduced.

Incipient Stage Fire: Fire that is in the initial or beginning stage, and that can be
controlled or extinguished by portable re extinguishers or small hoss li
and without the need to wear protective clothing or breathing apparatus or
to take evasive action such as crawling to avoid smoke.

Indicating Valve: Water main valve that visually shows the open or closed status
of the valve.

Industrial Fire Brigade: Employees within an industrial facility who are assigned
to respond to res and other emergencies on that property.

Inspections: A written report should be prepared for each inspection by a re
inspector. The purpose of the report is to describe the propettysause,
hazards, and re protection without going into unnecessary details.

lonization Smoke Detectors: An ionization smoke detector contains a small
amount of radioactive material. This ionizes the air in the sensing chamber,
thus rendering it conductive and permitting a current ow through the air
between two charged electrodes.

J

Jerricans: The jerricans are used for liquids and are of metal or plastic packag
ing of rectangular or polygonal cross-section. The maximum capacity of
these cans is approximately 15.8 gallons (60 liters). Usually used in the
transportation of hazardous materials such as antifreeze and a number of
other specialty products.
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Junction Boxes: Junction switch and outlet boxes are used to protect the electri
cal equipment and connections that they house. The number of wires in a
box must not exceed the number for which it was designed and should be
equipped with the proper cover.

K

Knockouts: The various junction, switch, and outlet boxes are manufactured with
“knockouts” that can be removed to allow the installation of cable cennec
tors and the entrance of the electrical cable.

L

Large Hand Line: Fire hose/nozzle assembly capable of owing up to 300 gpm.

Life Safety Code: There are applicablgfe Safety Codeequirements for the appro
priate occupancy classi cation (NFPA, Volume 5, 1997). An example is
that hotels over three stories high with guest rooms that open into corridors
should have a re alarm system, and in hotels seven or more stories high an
annunciator panel to indicate the oor or area from which the alarm was
transmitted is required.

Liquid Combustibles: The basic system for classifying liquids can be foutdHRA
321: Standard on Basic Classi cation of Flammable and Combustible
Liquids CodeFlammable liquids have ash points below 100°F or more.

Low Explosive Materials: Materials that produce de agration or a low rate of
reaction and pressure.

LP Gas: An LP-gas-air mixture and natural gas are also used to fuel heat-producing
devices. LP-gas vapors are heavier than air, and with such equipment,
in below-grade indoor locations, safety inspections are critical.

M

Maintenance: Poor maintenance and housekeeping practices are probably the
principal reasons for re problems. Improper storage of materials and
poor maintenance on pumps, piping, and exhaust systems can make oors
slippery, atmosphere dusty, and interfere with the proper operation of re
protection equipment.

Model Code: A code created by a code development organization that has a special
interest in a particular subject constitutes a model code; it can be adopted
by any jurisdiction.

Motors: Motors and rotating machines can cause mechanical injury as well as pres
ent a shock hazard and should be treated with caution. Many motors start
automatically, so even a motor at rest should be treated as though it were
running (lock-out procedure).

Mutual Aid: This is a reciprocal agreement by organizations under a prearranged
plan or contract that each will assist the other when needed for an emergency.
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N

Noncombustible Materials: There are ve fundamental types of construction.
Type | is re resistive-construction, Type Il is noncombustibles, Type |
is exterior protected combustibles, Type 1V is heavy timber, and Type V is
wood construction.

Non ammable Medical Gas System: Oxygen and nitrous oxide are used exten
sively in hospitals, dental of ces, nursing homes, and other medicalfacili
ties for analgesic, anesthesia, and therapy. Because oxygen and nitrous
oxide are non ammable, their hazard as oxidizing agents is not readily
recognized. The key re safety precept for both gases is to keep re away
from them since their cylinders can be more dangerous than any giber ty
of compressed gas cylinder during a disaster or re.

O

Open Flames: Mostly used by restaurant owners to enhance atmosphere and with
candles and as food warmers. A source of ignition used is alcohol and gen
erally is conducted very close to the restaurant patrons. Most jurisgictio
allow this practice only when the restaurant is fully sprinkled.

Outdoor Storage: The storage of materials outdoors usually is limited to those
used in large quantities and those not susceptible to damagevisgetter.

All outdoor storage should be structured so that it will not interfette va
ghting access to and around building.

Offensive Fire Fighting: Fire control activities intended to reduce the size of a re
and extinguish it.

Ovens: Ovens are de ned as chambers used for baking, heating, or drying, or as
chambers equipped to heat objects within the oven. Ovens usuallyeoperat
at temperatures below 1400°F, although this does not always apply. Some
coke ovens operate at temperatures above 2000°F.

Oxidation: This is a chemical reaction in which oxygen combines with cthler
stances. Explosions, res, and rusting are examples of oxidation.

P

Palletized/Rack Storage:Palletized storage consists of unit loads mounted on
pallets that can be stacked on top of each other. Rack storage consists of
a structural framework supporting unit loads, generally on paN&BA
231Cuses decision tables to specify when in-rack sprinklers are necessary
and what type of in-rack sprinklers, either longitudinal or face, are needed

Panic Hardware: A locking assembly designed for panic exiting that unlocks from
the inside when a release mechanism is pushed.

Photoelectric Cell: Light-sensitive device used in some re detectors. Cell ingiate
an alarm signal when light strikes it or is kept from striking it,etheiing
upon the particular design.
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Polar Solvents: Flammable liquids that have an attraction for water, much like a
positive magnetic pole attracts a negative pole; examples include lalcoho
ketones, and lacquers.

Pre-Action Sprinkler System: Type of automatic sprinkler system in which thermo-
static devices charge the system with water before individual sprinklés he
are fused.

Predischarge Alarm: Alarm that sounds before a total ooding re extinguishing
system is about to discharge. This alarm gives occupants the opportunity
to leave the area.

Propellant: An explosive that normally functions by de agration and normally is
used for propulsion.

Pyrolysis: Chemical decomposition caused by heat that generally results in the
lowered ignition temperature of the materials.

R

Radioactive Materials: These materials are chemically identical to their nonradio
active counterpoints and pose identical chemical hazards. NFPA standards
recommend a safety analysis report, something major users and producers
of radioactive materials, such as Department of Energy plants licensed by
the NRC, should prepare.

Radiation: This is the transfer of heat through intervening space by infrared
thermal waves. Also, energy from a radioactive source emitted in the form
of waves or particles.

Radiant Energy Sensing Fire Device:Designers specify ame and spark/embers
detectors for sophisticated detection application.

Recommended Practices:Advisory provisions that use the wosthouldin the
body of the text. This indicates a recommendation that is advised but not
required. They are published by nationally recognized organizations and
deal with maintenance and operational standards for the various systems
required by the code.

S

Safety Container: Safety containers have a maximum capacity of 5 gallons and
come with a spring-closing lid and spout cover so that the carsafély
relieve internal pressure when subjected to re exposure.

Size Up: Ongoing evaluation of an emergency situation done mentally by the
of cer in charge, resulting in a plan of action that may be adjusted as the
situation changes.

Smoke: Visible products of combustion, which vary in color and density depgndin
on the types of material burning and the amount of oxygen present.

Smoke Control: There are two recognized approaches to controlling smoke
in buildings that make use of the air conditioning systems. The passive
approach requires that fans be shut down and that smoke dampers in duct
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work be closed during a re. In the active approach, the air conditioning
system is utilized to exhaust the product of combustion to the outdoors to
prevent smoke migration from the re area.

Smoke Detector: Alarm-initiating device designed to actuate when visible or invis
ible products of combustion (other than re gases) are present in the room
or space where the unit is installed.

Solid Stream: Hose stream that stays together as a solid mass, as opposed to a fog
or spray stream. A solid stream is produced by a smooth-barderend
should not be confused with a straight stream.

Solubility: Degree to which a solid, liquid, or gas dissolves in a solventlfysua
water).

Spanner Wrench: Small tool primarily used to tighten or loosen hose couplings.

Speci ¢ Gravity: This is the weight of a solid or liquid substance, as compared to
the weight of an equal volume of water. The speci ¢ gravity of water is 1.0.
A liquid or solid with a speci c gravity of less than 1.0 will oat on water;
if its speci ¢ gravity is more than 1.0, it will sink. If a liquid or solid is
heavier than water, it can be extinguished by water.

Most ammable liquids are lighter than water; therefore, water cannot
be used to extinguish the re. An example is gasoline; burning gasoline
oating on top of water can spread re at a tremendous rate. The specic
gravities of the ammable and combustible liquids are very important
factors in determining whether or not water can be used for extinguishing.

Sprinkler: Water ow device in a sprinkler system. The sprinkler consists of
a threaded nipple that connects to the water pipe, a discharge orice,
a heat-actuated plug that drops out when a certain temperature is reached,
and a de ector that creates a stream pattern that is suitable for re control.
Also called asprinkler head

Sprinkler System (Automatic): An automatic sprinkler system in a facility provides
a degree of safety that is incorporated into the interior nish requirements.

Standards: Documents containing strongly recommended provisions and using the
word shall to indicate requirements. Once adopted by a jurisdiction; stan
dards become mandatory. They primarily provide technical, how-to details.
A code might require a re suppression system. A standard would list the
requirements for design, construction, and installation of that system

Standpipe Hose: Single-jacket hose, lined or unlined, that is preconnected to a
standpipe; used primarily by building occupants to mount a quick attack
on an incipient re.

Standpipe System:Wet or dry system of pipes in a large single-story or multistory
building with re hose outlets connected to them. The system is used to
provide for quick deployment of hose lines during re ghting operations.

Straight Stream: The most compact discharge pattern that a fog nozzle can
produce; similar to but not as compact as a solid stream.

Supervised Circuit: Alarm circuit on which a minute electrical current is €on
stantly owing. When this current is shorted or interrupted, an alarm or
trouble signal is initiated.
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Supply Hose: Hose between the water source and the attack pumper, laid to provide
large volumes of water at low pressure. Also catlgdy-supply hoser
feeder line

Suppression System:System designed to act directly upon the hazard to mitigate
or eliminate it, not simply to detect its presence and/or initiate an alarm.

T

Thermal Layering: (a) Tendency of gases to form into layers according to tempera
ture. (b) Characteristic of burning in a con ned space, with the hottest air
being found at the ceiling and the coolest air at oor level.

Threaded Coupling: Male or female coupling with a spiral thread.

Total Flooding System: Fixed, special agent re suppression system that is designed
to ood an entire room or space with agent to extinguish a re. Halon and
carbon dioxide are the two most common agents used for this purpose.

U

Unit Heaters: Unit heaters are self-contained, automatically controlled, chinmey o
vent-connected air heating appliances equipped with a fan for circulatin
air. They can be mounted on the oor or suspended, and they are equipped
with limit controls.

\%

Valve: Mechanical device with a passageway that controls the ow of a liquid or
gas.

Ventilation: Systematic removal of heated air, smoke, or other airborne centami
nants from a structure and their replacement with a supply of fresher air.

Volatile: (a) Changing into vapor quite readily at a fairly low temperature.
(b) Tending to erupt into violence; explosive.

\W

Water Flow Alarm: Alarm-initiating device actuated by the movement (ow) of
water within a pipe or chamber; most common installation is in the main
water supply pipe of a sprinkler system.

Water Supply: Any source of water available for use in re ghting operations.

Water Thief: Any of a variety of hose appliances with one female inlet and two or
more male outlets, at least one of which is the same size as the inlet.

Wet Pipe Sprinkler System: Automatic sprinkler system in which the pipes are
lled with water under pressure at all times.

Windward Side: Side of the building the wind is striking; the side or direction from
which the wind is blowing.

Wye: Hose appliance with one female inlet and two or more male outlets, usually
smaller than the inlet. Outlets are also usually gated.
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TheNational Electric Cod&(NECP) is the most widely used code in the world. It is
published by the National Fire Protection Association. The NECknowledged to

be the most widely adopted code of standard practices in the United States. It is also
used extensively outside of the United States, particularly where Ameniade-
equipment is installed.

Chapter 1: Major Organizations in the Field of Fire Safety
Article 110—Requirements for Electrical Installation

Chapter 4: Equipment for General Use
Article 422—Appliances
Article 427—Fixed Electric Heating Equipment for Pipelines and Vessels
Article 440—Air Conditioning and Refrigeration Equipment
Article 450—Transformers and Transformer Vaults

Chapter 5: Special Occupancies
Article 500—Hazardous Locations
Article 511—Commercial Garages; Repair and Storage
Article 517—Health Care Facilities
Article 518—Places of Assembly
Article 530—Motion Picture and Television Studios
Article 545—Manufacturing Buildings
Article 547—Agricultural Buildings
Article 550—Mobile Homes
Article 551—Recreational Vehicles and Parks
Article 553—Floating Buildings

Chapter 6: Special Equipment
Article 600—Electric Signs
Article 610—Cranes and Hoists
Article 620—Elevators, Dumbwaiters, Escalators, Moving Walkbe@/
chair Lifts, and Stairways
Article 630—Electric Welders
Article 680—Swimming Pools/Fountains

Chapter 7: Special Conditions
Article 700—Emergency Systems
Article 760—Fire Protective Signaling Systems

Chapter 8: Communication Systems
Article 800—Communication Circuits
Article 810—Radio and Television Equipment
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ADDITIONAL NATIONAL FIRE PROTECTION
ASSOCIATION REFERENCES

Automotive and Marine Server Code

Building Construction for the Fire Service

Emergency Management of Hazardous Materials Incidents

Fire Protection Guide to Hazardous Materials

Fire Protection Handbook

Fire Pump Handbook

Flammable and Combustible Liquids Code and Handbook

Haz-Mats Response Standards and Handbook

Industrial Fire Hazards Handbook

Learn Not to Burn Curriculum (3 levels for schools)

Life Safety Code and Handbook

LP-Gas Code and Handbook

Management in the Fire Service

National Fire Alarm Code and Handbook

National Fire Codes

National Fuel Gas Code and Handbook

NFPA 7: Electrical Standard for Industrial Machinery

NFPA 25: Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection
Systems

NFPA 52: Standard for Compressed Natural Gas (CNG) Vehicular Fuel Systems

NFPA 90A: Standard for the Installation of Air Conditioning and Ventilating Systems

NFPA 96: Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations

NFPA 99: Health Care Facilities Standard and Handbook Set

NFPA 99C: Standard on Gas and Vacuum Systems

NFPA 231C: Standard for Rack Storage of Materials

NFPA 921: Guide for Fire and Explosion Investigations

NFPA Inspection Manual (7th Edition)

Occupational Health and Safety Standards Handbook

Principles of Fire Protection Chemistry

Truck Company Fireground Operations
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Occupational Safety and Health Standards for General Industry
(29 CFR-PART 191p

Subpart L: Fire Protection

1910.156  Fire Brigades

1910.157 Portable Fire Extinguishers

1910.158  Standpipe and Hose Systems

1910.159  Automatic Sprinkler Systems

1910.160 Fixed Extinguishing Systems, General

1910.161  Fixed Extinguishing Systems, Dry Chemical

1910.162  Fixed Extinguishing Systems, Gaseous Agent

1910.163  Fixed Extinguishing Systems, Water Spray and Foam

1910.164  Fire Detection Systems

1910.165 Employee Alarm Systems (Also see: Appendices A—E to Subpart L)

The following table contains a listing of those current national consensus sta
dards which contain information and guidelines that could be consideregtalle
in complying with requirements in the speci ¢ sections of Subpart L.

Current National Consensus Standards

NFPA No. 10 Portable Fire Extinguishers

NFPA No. 11 Low Expansion Foam

NFPA No. 11a Medium and High Expansion Foam Systems

NFPA No. 12 Carbon Dioxide Extinguishing Systems

NFPA No. 13 Installation of Sprinkler Systems

NFPA No. 13a  Fire Department Operations in Properties Protected by Sprinkler and Standpipe Systems
NFPA No. 15 Water Spray Fixed Systems

NFPA No. 16 Foam Water Sprinkler Systems and Foam Water Spray Systems

NFPA No. 17 Dry Chemical Extinguishing Systems

NFPA No. 18 Wetting Agents

NFPA No. 20 Installation of Stationary Pumps
NFPA No. 22 Water Tanks for Private Water Protection
NFPA No. 24 Installation of Private Service Mains and their Appurtenances

NFPA No. 69 Explosion Prevention Systems

NFPA No. 72 National Fire Alarm Code

NFPA No. 101 Life Safety Code

NFPA No. 1142 Water Supplies for Suburban and Rural Fire Fighting
NFPA No. 1963 Fire House Connections

Note: NFPA Standards are available from the National Fire Protection Association, 1 Batterymarch Park,
Quincy, MA 02269.
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American Insurance Association
85 John Street
New York, NY 12202

American Mutual Insurance Alliance
20 N. Wacker Drive
Chicago, IL 60606

American National Standards
Institute, Inc.

1430 Broadway

New York, NY 10018

American Society of Safety Engineers
1800 East Oakton Street
Des Plaines, IL 60018

American Society for Testing
and Materials

1916 Race Street
Philadelphia, PA 19103

Bureau of Explosives
1920 L Street N.W.
Washington, DC 20234

Business Publishers, Inc.
8737 Colesville Road
Silver Spring, MD 20910-3928

Division of Forest Fire Research
Washington, DC 10402

Factory Mutual System
1151 Boston-Providence Turnpike
Norwood, MA 02062

Federal Fire Council
19th and F Streets, N.W.
Washington, DC 20405

FEMA, Emergency Management
Institute

16825 South Seton Avenue
Emmitsburg, MD 21717

Fire Marshals Association of
North America

1 Batterymarch Park, Box 9101
Quincy, MA 02269

Improved Risk Mutuals
15 North Broadway
White Plains, NY 10701

Industrial Risk Insurers
85 Woodland Street
Hartford, CT 06605

International Association of Fire Chiefs
4025 Fair Ridge Drive
Fairfax, VA 22033

National Bureau of Standards
Washington, DC 20234

National Fire Protection Association
1 Batterymarch Park, Box 9101
Quincy, MA 02269

National Safety Council
1121 Spring Lake Drive
Itasca, IL 60143

Of ce of Admissions & Registration,
National Emergency Training Center
Telephone: (301) 447-6771 or

(800) 638-9600 (Toll Free)

The Johnson Foundation
Racine, Wisconsin
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U.S. Department of Agriculture
Forest Service

U.S. Department of Commerce
Underwriters Laboratories, Inc.

333 P ngsten Road
Northbrook, IL 60062-2096

Appendix C

United States Fire Administration,
National Emergency Center
Washington, DC 20005

Wingspread Conference on Fire
Service Administration, Education and
Research

Washington, DC 20036



Appendix D: Fire Codes
and Standards

THE EMERGENCE OF CODES AND STANDARDS

Greek and Roman law began to incorporate requirements for height sizeksetba
and other features of buildings. These rst construction requirementsattenore
than 5000 years and had very limited application.

We know that in 1631 the Governor of Massachusetts issued an order banning
thatched roofs to prevent res from spreading from house to house. And the develop
ment of cities like New York, Boston, and Philadelphia eventually createddfar
building codes. The rst truly North American code was issued in New York in the late
1850s. By the end of the nineteenth century many cities had adopted buildiisg co

Modern building codes in the United States were prompted kstdisis con
agrations and earthquakes that occurred at the turn of the twentieth centwyy. The
dealt mainly with structural safety under re and earthquake conditi®ince then,
codes have grown into documents prescribing minimum requirementsuiciusal
stability, re resistance, means of egress, sanitation, lightingilaton, and built-in
safety equipment. More than 50% of a modern building codelyseédrs in some
way or another to re protection.

PUBLISHED CODES

The National Board of Fire Underwriters published the rst modddmg codes

in 1905. This organization, later called #merican Insurance AssociatigAlA),
distributed model codes until late in the last century. The model code theery sug
gests that a group of experts, with provisions for input from a broad spectrum o
developers, can create a code that is a model for all jurisdictions to followl Mode
codes make it easier for architects and other development professionalk io wo
more than one jurisdiction. These model codes deal with mechanical, piyibih

re prevention requirements.

Between 1915 and 1940, three major building code development orgamszati
emerged. The Building Of cials and Code Administrators International (BJO/GS
established in 1915, while the International Conference of Building Qf ¢Ii€BO)
and the Southern Building Code Congress International (SBCCI) were fornted late

BuiLbiNg OFFiciaLsAND CobDE ADMINISTRATORS INTERNATIONAL (BOCA)

BOCA originally published the basic codes and AlA published the national codes.
BOCA published the rst edition of thBasic Building Cod€BBC) in 1950. When
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AlA stopped publishing, BOCA started using the tiNational Building Code
Each of these codes is revised annually and reprinted every three years. The BOC
basic/national codes are used primarily in the Northeast, Midwest, and Niadkiétl
Changes approved between reprintings are published in supplemenis.rBae

tains a technical staff in Country Club Hills, Illinois.

INTERNATIONAL CoNFERENCEOF BuILDING OFFiciALs(ICBO)

ICBO was formed in 1922 and rst published triform Building CoddUBC) in
1927. Uniform codes are used in the West, Midwest, and Southwest, and have been
adopted in municipalities as far east as Michigan.

The conference also publishedr@iform Mechanical CodandUniform Plumbing
Codein association with the International Association of Plumbing and Mechanical
Of cials, and aUniform Fire Codein association with the Western Fire Chiefs
Association. Code changes are made each year, and amended véiiersodes
are published every three years. Supplements containing any alteeatquublished
between each major reprinting.

SouTHERN BuiLDING Cobe CoNGRESSINTERNATIONAL (SBCCI)

The SBCCI was organized in 1940 and has published the Standard sDuckes
1945. These codes are used primarily in the Southeast and Southwest.

Like the other two model code developers, SBCCI also publishes mechanical,
plumbing, re prevention, and gas codes. The codes are amended and repanged e
three years, with annual changes printed in supplements. SBCCI irtguasniote
standardization in building regulations and enforcement of those riegsldt main
tains a technical staff headquartered in Birmingham, Alabama.

Note Use of these codes is not restricted to a particular region; any developer
around the country can use any one of the codes.

INTERNATIONAL CobE Councit (ICC)

The International Building Codés the product of the ICC. In the fall of 2001, the
memberships of BOCA, ICBO, and SBCCI decided, in principle, to integrate the
organizations within the International Code Council.

This integration stems from the memberships’ resolution: “to work towartfian u
mate goal of creating a single Model Code Organization.” The public’s bessinte
was at the heart of this integration decision. The leadership of the three oiigarizat
was encouraged to provide a single set of coordinated codes. It is this comnatment t
performance-based regulations that provides the United States withttbailtBsg
codes in the world. Integration with ICC is another step toward offering efezotd
ef cient regulations that meet public, government, and industry needs.

The three chief executive of cers (CEOs), under the direction of their cespe
tive boards of directors, have been meeting to develop the organizationa| asode
well as transition and implementation plans for the single model code patjani
To date, agreements have been reached on several key components.
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Leadership among the three organizations con rms that this integratiotirig a
on the members’ resolutions and is proceeding as promptly as possiblalidzaimsg)
each of the operational functions means there are many legal issues and outside
interests that have to be considered. The integration can only proceed at a pace
that will result in the strongest and most ef cient single organizatioredas the
progress apparent today and the leadership commitments of the threeaiigasii
a projected implementation date is still realistic.

OTHER MAJOR BUILDING CODE DEVELOPMENT ORGANIZATIONS

There are two other important code development organizations, the Natianal Fir
Protection Association (NFPA) and the Council of American Building Oisqi@aABO).

NaTIONAL FRE PROTECTION AssociaTioN (NFPA)

This association’s Standards Council has isUeA 5000T: Building Construction
and Safety Code The association also publishes:

¢ NFPA 1. Fire Prevention Codédt addresses basic re prevention require
ments necessary to establish a reasonable level of re safety and property
protection from the hazards created by re and explosion.

« NFPA 70: National Electrical Codevhich addresses proper installation of
electrical systems and equipment.

¢ NFPA 72: National Fire Alarm Codevhich sets minimum requirements
for re alarm systems and equipment.

« NFPA 101: Life Safety Cod&his code provides minimum building design,
construction, operation, and maintenance requirements neededeot prot
building occupants from the danger inherent in the effects of re.

¢ More than 300 other codes and standards, manuals, and guides.

CounciL orF AmMERICAN BuiLbing OFFiciaLs(CABO)

CABO is an organization formed in 1972 by the three major model code groups.
CABO's mission is to advance the model codes process on a national level and to
work for uniform code regulations. The purpose of this council is to develfgpmn
code language to be included in each of the model codes. Thesjaoamcomplish
ments of CABO have been to organize the National Research Board and to publish
the One- and Two-Family Dwelling Code

The National Research Board also coordinates the research and emnghuati
grams of the three model code groups, eliminating the need for a manufacturer to
work with three different organizations.

BUILDING AND FIRE CODES

Codes that deal speci cally with construction of a building are part of aibgild
code that is administered by a building department. A re prevention coldelésc
information on re hazards in a building and is usually regulated by re of cials.
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Requirements for exits and re extinguishing equipment generally anglfim build
ing codes, while the maintenance of such items is covered in re preventies. cod

BENEFITS OF A CODE ENFORCEMENT SYSTEM

There are many bene ts of a code enforcement system. Some major ones include:

¢ Lowering the threat of re risk.

¢ Reducing the incidence of res and re losses.

e Improving life safety for the public in all states.

¢ Reducing hazards to re ghters and re ghting operations.
e Controlling hazardous conditions.

e Promoting a more stable community.

e Maintaining a community’s economic structure.

e Providing community re safety awareness.

¢ Allowing code enforcement to be more easily implemented.

IMPACT OF CODES AND STANDARDS

The implementation of codes and standards is seen in many aspects of day-to-day
life. The placement of re detectors and sprinklers, the design of buildiitg, ex

and the installation of electrical wiring are just some of the areas ioattiby

re codes and standards. The adoption of these codes and standards, along with
increased public awareness of re safety practices, has resultgphicant reduc-

tions in the loss of life and property damage due to the effects of re. By corginuin

to use codes and standards that are readily accepted and followed, the world will be
safer from re and related hazards.

SUMMARY

Early building codes were concerned primarily with the prevention déibgi
collapse. As civilization progressed and cities became crowdedatiegs| were
formed to limit the types, number, and heights of buildings that could Is&raoted,
and also to prevent the start and spread of re in those buildings. As buildithigs an
re regulations developed throughout the United States, many were oreted
into law at the federal, state, and local levels of government.

Today’s model building codes establish minimum requirements fotrcatisn
and design, and re protection codes and standards play an important partin ¢
munity development.

REFERENCES

Federal Emergency Management Agency, U.S. Fire Administration, and National Fire Admin
istration. Introduction to Fire Inspection Principles and Practic@¥ashington, DC:
Federal Emergency Management Agency, U.S. Fire Administration, and National Fire
Administration, February 1996.

National Fire Protection AssociatioRrinciples of Fire Protection6th ed. Quincy, MA:
National Fire Protection Association, 1998.



Appendix E: A Model Fire Plan
for an Elementary School

This model re plan of an elementary school has been designed to implemairt cert
guidelines so that the right personnel are familiar with them in order to reagt, m
age, and survive any re threats or disasters to aid and maintain a safe ennironme
for all people involved.

The days when a re ghter simply responded to a structure school re and
placed the wet stuff on the red stuff are gone. The job has evolved to the point where
the average re ghter must have at least a cursory understanding of such topics
as medical responses, principles of rescue, hydraulics, stluoctllegse, incident
command, and the list goes on and on. One of the most important topics that the
average re ghter must understand especially when dealing with school @ge ch
dren is the acute chronic adverse effects of hazardous materials in the school and
how to respond in order to mitigate those adverse effects.

It is the intent of this model elementary school re plan to achieve the goal of
training and of a rudimentary understanding of responsibilities arithtions when
involved with students during re drills. Students participatinghwie of cials in
the proper training role during the simulated re drills will be able to react at the
time of any emergency. Upon successful completion of the re drills and othsr clas
room educational activities, students shall be comfortable in the role tiahtist
carry out when an emergency occurs.

FIRE PLAN FOR AN ELEMENTARY SCHOOL: FACILITY OVERVIEW

PurPoOSE

Fire is a hazard that can result in loss of business or property, and in the most severe
cases, it will result in the loss of life. The best way to prevent a re is to have the proper
plans and actions implemented to defend against re; once a re occurs, it ihard t
contain. The purpose of this re protection plan is not only to help guide $suden
faculty, parents, and anyone else in or around the schdibyfacit to also give them the
resources so they will know how to maintain a safe environment for all peagiethv

By implementing certain guidelines, personnel are provided with =kabw}
edge to react, manage, and survive any re threats to them or any other person
within the facility. The plan provides clear and precise instruction$iéfollowing
requirements and actions:

e Inspection of the facility for any re hazard that might occisk rof that
hazard occurring, and the emergency systems;

« Directions/guides for all emergency evacuations and reassembly of the
staff/students and any personnel on campus when a threat occurs;
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e Contact information foall staf ng andall emergency services; and
« Communications protocol for all involved personnel, as well as outside
persons (i.e., parents).

West Virginia Code, Chapter 29, Article 3 (of the West Virginia Fire Priotect
and Control Act) adopts the codes and standards of the National Fire Prevention
Association (NFPA) by reference and provides the framework necessatatilisbs
areasonable level of safety and protection from hazards digates and or exple
sion. The NFPA establishes baseline requirements of buildimgsesses, equip
ment, systems, and other re-related life safety situations; and re andaliétys
education of employees and students.

INTRODUCTION

This re safety plan is targeted for a midsize, one level elementary schngied

by preschool students, students K-4th grade, teachers tladstaff. The origi

nal Watson School was built in 1910, and was replaced by the present facility in
1975. Students came from the old Butcher School, Fleming School, White School
as well as the former Watson School. Dedicated June 1, 1975, Watson School is one
of Marion County’s most modern and innovative schools and has maintained a go
working relationship with our Partners in Education.

As provided byNFPA: 6.1.3.1 Watson Elementary School is classi ed as an
Educational Occupancy and de ned as “occupancy used for educational purposes
through the fourth grade by six (6) or more persons for four (@#ore hours per day
or more than twelve (12) hours per week.”

PHysicaL LocATioN

The elementary school (Figure A5.1).

£

FIGURE A5.1 Satellite map.
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BuiLbING DESCRIPTIONAND LAYOUT

The school is a one-story building. The building is constructed of block walls a
mortar. All the oors are constructed with concrete, with eitherrpeddayer or tile

layer on top of the concrete. All the classrooms have the carpet layer on top of the
concrete. The hallways, bathrooms, and kitchen/multipurpose roagahlayer of

tile over the concrete. The building was built with all classrooms being éfiehe

exit doors are re rated with either panic hardware or free-opening devices.

OccurPaNT CHARACTERISTICA. 0AD

Emergency Systems and Contact Information

Fire

Fire protection will be provided by the Fairmont Fire Department located at
1600 Mary Lou Retton Drive, Fairmont, West Virginia 26554.

e Call 911 to initiate that there is an emergency and let them know that it
involves are .

¢ The closest re department is located 0.04 miles from Watson Elementary
School.

¢ Nonemergency contact for re-related issues is: Marion County Board of
Education 304-367-2100.

Police

Police protection is provided by the Fairmont Police Department located at
500 Quincy Street, Fairmont, West Virginia 26554.

e Call 911 to initiate that there is an emergency.

e The closest police department is located 1.94 miles from Watson Elemen
tary School.

¢ Nonemergency contact for police-related issues is: Marion CountyePoli
304-366-5644.

Emergency Services
Emergency Service is provided by the EMS at Fairmont General Hospital.

e Call 911 to initiate that there is an emergency.

* Medical emergencies should be treated in accordance with accepted and
recognized rst aid treatments until professional medical attention @ assi
tance can be performed.

¢ Nonemergency contact for medical related issues is: Fairmont General
Hospital 304-367-7494.
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Utilities

e Water is provided by Fairmont City Water.

e Cable is provided by Comcast: 1-866-928-9135.

e Telephone is provided by Verizon: 1-800-837-4966.
¢ Insurance is provided by He in: 304-599-3445.

FIRE CODES/LIFE SAFETY CODES

FRre Copes THAT PERTAINTO ELEMENTARYSCHOOLS

OSHA Regulation 29 CFR 1010.22(a) All places of employment,
passageways, storerooms, and service rooms shall be kept clean agd orderl
and in a sanitary condition.”

OSHA Regulation 29 CFR 1910.22{#)Housekeeping”

OSHA Regulation 29 CFR 1910.157(c}&)Portable Fire Extinguishers"—

The employer shall provide portable re extinguishers and shall mount,
locate, and identify them so that they are readily accessible to employees
without subjecting the employees to possible injury.

NEC 110-31

Chapter 15 otife Safety CodeExisting Educational Occupancies”

Important Life Safety Codes for Educational Occupancies

MEANSOF EGRESIREQUIREMENTS

Number of exits—Not less than two separate exits shall be as follows:
(1) Provided on every story
(2) Accessible from every part of every story

Every room that is normally subject to student occupancy shall have an exit
access door leading directly to an exit access corridor or exit, unless othe
wise permitted by the following:

() The requirement shall not apply where an exit door opens directly to the
outside or to an exterior balcony or corridor as describé8.i.5.8

(2) One room shall be permitted to intervene between a normally odcupie
student room and an exit access corridor.

15.2.5.5—Doors that swing into an exit access corridor shall be arranged to
prevent interference with the corridor travel.

15.2.5.6—Aisles shall not be less than thirty (30) inches wide.

15.2.5.#The space between parallel rows of seats shall not be subject to
the minimum aisle width, provided that the number of seats that intervene
between any seat and any aisle does not exceed six (6).

15.3.4.1.32—Educational occupancies shall be provided with re alarm system
in accordance with Section 9.6.

15.7.2.2—-Emergency egress and relocation drills shall be conducted as follows:
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(1) Not less than one (1) emergency egress and relocation drill shall be
conducted every month the facility is in session, unless both of the
following criteria are met:

(@ In climates where the weather is severe, the monthly emergency
egress and relocation drills shall be permitted to be deferred.

(b) The required number of emergency egress and relocation drills
shall be conducted, and not less than four (4) shall be conducted
before the drills are deferred.

(2) All occupants of the building shall participate in the drill.

(3) One additional emergency egress and relocation drill, other than for
educational occupancies that are open on a year-round basis, shall be
required within the rst thirty (30) days of operation.

15.7.2.3—It shall be the duty of the principal and teachers to inspect all exit
facilities daily to ensure that all stairways, doors, and other exits are in

proper condition.
General Duty Clause 29 CFR 193@Work area shall be free from hazards.

B EcTRICAL

OSHA 29 CFR 1910.305(b) (3) {ijElectrical boxes shall have suitable covers
securely fastened in place.

FIRE DEPARTMENT INFORMATION

1. How many minutes will it take for the re departmentto respondto a re at
Watson? Would it be a direct call?

2. What kind of equipment does the re department have to deal with re?
Would there be a piece of equipment more useful at Watson? If so, how long
would it take to get it in case of a re at Watson?

3. How many re ghters are on duty at any given time? What kind of training
do they receive dealing with school-related emergency situations?

4. What type of res is the school susceptible to?

5. What would be the sequence of equipment response?

6. What will the typical re ghter response be? Who meets at the scene and
who meets at the department?

7. How far away is the backup re department, in case more equipment is needed?

FIRE SAFETY CHECKLIST

SPRINKLERSYSTEM

e Are there any outside connections?

e Are sprinkler heads free from obstruction? Any materials on shelves higher
than 12 inches below a sprinkler head need to be moved.

e Are main sprinkler system inspections up to date?
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HRE EXTINGUISHERS

e Are all extinguishers in place?

e Are they up to date on inspections?

e Check pressure gauges for positive pressure.
e Is the pull pin intact?

» Discharge hose intact?

e Check for any other damages on extinguisher.

Exit SeNS/EMERGENCYLIGHTS

e Are exit signs and emergency lights illuminated?
e Are exit signs and emergency lights clear from obstructions and @isible

ADpDITIONAL CHECKS

Make sure the re alarm panel is accessible and has power, and key needed is pres
ent for access.

FIRE SUPPRESSION: POINTS OF INTEREST

EQuiPMENT

There are various types of re detection devices available. For the purpdss of t
report, smoke detectors will be focused on as re detection. AccordiNgRa\ 72:
3.3.43.17 a smoke detector is a device that detects visible or invisible particles of
combustionNFPA 10: 11.8.3.%utlines where smoke detectors are to be placed on
a premises.

PorTABLERRE EXTINGUISHERS

Most portable re extinguishers are only designed to be used for a maximum of
30 seconds and should not be used to ght large res. There are many regulations
regarding placement, labeling, and use of re extinguishers, which may he ifiou
NFPA 10 Several different types of extinguishers are manufactured to be used with
various classes of res. Extinguishers are labeled based upon the class tifeye

may be used on.

Class A Fire

Class A res are de ned bNFPA 10: 3.3.4.1as: “Fires in ordinary combustible
materials, such as wood, cloth, paper, rubber, and many plastics.”

Class B Fire

Class B res are de ned bNFPA 10: 3.3.4.2as: “Fires in ammable liquids,
combustible liquids, petroleum greases, tars, oils, oil-basatspadlvents, lacquers,
alcohols, and ammable gases.”
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Class C Fire
Class C res are de ned bNFPA 10: 3.3.4.3as: “Fires that involve energized
electrical equipment.”

Class D Fire
Class D res are de ned bXFPA 10: 3.3.4.4s: “Fires in combustible metals, such
as magnesium, titanium, zirconium, sodium, lithium, and potassium.

These extinguishers must be inspected periodicHlly6(2.) and in accordance
with NFPA 10: 6.2.2This states:

Fire extinguishers shall be inspected when initially placed in searnd thereafter at
approximately 30-day intervals. Fire extinguishers shall be ategemanually or by
electronic monitoring, at more frequent intervals when circumstangasee

The inspection protocol speci ed lYFPA 10: 6.2.%tates:

Periodic inspection of re extinguishers shall include a check of at leadbtiow-
ing items:
(1) Location in designated place
(2) No obstruction to access or visibility
(3) Operating instructions on nameplate legible and facing outward
(4) Safety seals and tamper indicators not broken or missing
(5) Fullness determined by weighing or “hefting”
(6) Examination for obvious physical damage, corrosion, leakagegged nozzle
(7) Pressure gauge reading or indicator in the operable range or position
(8) Condition of tires, wheels, carriage, hose, and nokeleked (for wheeled units)
(9) HMIS label in place.

EcrESss

Means of egress shall be in accordance with Chapter 7 and Section 15.2itd the
Safety Code

15.2.3.2—Minimum corridor width. Exit doors shall have no less than 72 inches
of clear width.

ANNUNCIATOR PaNEL

A central re alarm annunciator panel is located where it is accessible to rerght
crews. The annunciator panel will indicate the zone and approximate physieal loca
tion of the source of a re alarm in the building. The annunciator will also include
lamps and audible warning devices to indicate failures of alarm circuits.

Watson's annunciator panel is located at the main entrance just outside the
main of ce.

SPRINKLERS
All throughout the building.
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FrRe Hoses(NoT ApPLICABLE
SranD Hoses(NoT APPLICABLE
SranDPIPES(NOT APPLICABLE

BvERGENCYLIGHTING

UnderNFPA 101: 7.9.2.2emergency lighting shall:

Be arranged to provide the required illumination automatically in thatef any of
the following:

(1) Interruption of normal lighting such as any failure of a public utilitgtber
outside electrical power supply

(2) Opening of a circuit breaker or fuse

(3) Manual act(s), including accidental opening of a switch contgotiormal
lighting facilities.

For inspections of these system§;PA 101: 7.9.3tates:

A functional test shall be conducted on every required emergency lighting sy8@-day
intervals for not less than 30 seconds. An annual test stalhidected on every required
battery-powered emergency lighting system for not less thamlrs. Equipment shall
be fully operational for the duration of the test. Written records of visya¢atisns and
tests shall be kept by the owner for inspection by the authority havinggtioed

The Code provides an exception, which states:

“Self-testing/self-diagnostic, battery-operated emergencitiig equipment that
automatically performs a test for not less than 30 seconds and diagnastie ro
not less than once every 30 days and indicates failures byua stdtcator shall be
exempt from the 30-day functional test, provided that a visual inspectierfisped
at 30-day intervals.

FIRE PLAN

In the event a re occurs, you detect smoke, or a burning odor is detected, pull the
nearest re alarm to alert school students, faculty, anfd tstanitiate the building
evacuation plan. Call 911 and report all known information about the incitleyt
administrator, teacher, or staff person should be responsible to call 911.

A. Procedure
1. Follow re drill procedures
2. Call Central Of ce and notify personnel of the details of the incident
3. Proceed to assembly point
B. Administrative Responsibilities
1. Principals and teachers are responsible in ensuring that the building
is evacuated.
2. Teachers and other personnel will assist individuals with dise®ilit
in evacuating.
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3. Nurses and other medical personnel should be noti ed to stand by
and assist in aiding injured students, faculty, and staff in the event
injuries occur.

First aid should be provided in the event of an injury, and 911 should be cdntacte
to ensure prompt medical attention.

An administrator or designee will come by and report any missing students at
this time. Missing students will then be reported to the re department members
(Incident Command Of cer).

The school principal will serve as a mediator between emergency personnel and
staff members. Principal will notify staff of further procedures.

Early dismissal may be necessary depending on the severity or extent ofathe situ
tion. In the event of an early dismissal, the Central Of ce will be contactedams t
portation will be provided. Parents and guardians will be noti ed of the eiartyigbal.

An off-site bus staging area may need to be established in an alternate location,
if early dismissal occurs.

The Incident Commander of rescue personnel should facilitate comniomictt
vital information to the principal.

No faculty or students will be permitted to enter the building without psioms
from the re department. An All Clear Signal will be sounded.

PrECONDITIONS FOR BEVACUATION

Fire drill procedures should be posted in each classroom and reviewestwients
at the beginning of each new school year. Fire drill procedures should also be
discussed with students who enter the classroom after the school year begin

Drills should be conducted using the same procedures that wofdtidvesd in
case of an actual re.

Fire drills should occur randomly during different times of the day and during
different activities. Students should be familiarized with eation procedures
during class periods, class period changes, lunch, and when studeéntassembly.

Example—Fire Drill Schedule

Month Drill Time

August 8:55 ..
September  9:30 ..
October 1:10 ..
November TBA Assembly
December  11:00 .. Lunch

January 10:15 ..
February 12:55 ..
March 2:20 ..
April 1:40 ..

May TBD as needed
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RESPONSIBILITIES

Floor plans will be posted in every classroom and gym. Primary and segondar
routes should be displayed and discussed with students. The posting st

the primary evacuation route highlighted in red and the secondary rogeatesdl

with a blue mark. All possible exits should be discussed with students andtthe ex
designated as primary should be clearly marked.

INTEGRATEDRESPONSHPLAN

In case of the normal re drill, procedures for a secondary evacuation site are to
evacuate to other buildings near the school. These sites should be prehwiimge

the other establishments. Students that ride buses should have schedulesid¢&r bus p
up stations in coordination with the Central Of ce.

FIRE PREVENTION

EbucaTioN AND TRAINING

It is the responsibility of the faculty and staff of the school to educate the student
body as to the correct procedures for various emergency situations, ngcleeadi
Students must be made aware of the types of potential hazards and corrgspondin
courses of action. This awareness can only be garnered through reaaininggt
and education. Education of the student body includes inforniagtudents of
the location of the nearest exits to the building, assembly areas, and location of re
alarm pull stations, but should not be limited to re in progress situatiaeal
Rather, a robust training and education program for high schoelnttushould also
include hazard recognition and re prevention aspects as well.

Training is the most important part of implementing any renpRBefore a com
petent re plan can be implemented, both faculty and students must undexstain
actions are expected and required of them.

Faculty Should Be Trained in the Following:
¢ Prevention of hazardous conditions conducive to re propagation
* Fire types and characteristics
e Evacuation plan and staging areas
e Alarm systems
¢ Fire extinguishing during incipient stage
e Reporting procedures for staff
e Hazardous and/or ammable materials

Students Should Be Trained in the Following:

e Evacuation routes and staging areas
e Alarm systems
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Drills should be conducted as required by state law, which is currently one re
drill per each month classes are in session per school year. Trainingdnsesp
related emergencies shall be divided into two segments: charactaisticonduct.

All faculty and staff shall receive both segments during thiaitimplementation of

this program, and to all new employee hires in the future. Also, supplemaital tr

ing shall be provided when new equipment, processes, or materials aredettodu

to the campus or when drill or actual events reveal employee performance must be
improved. The complete re plan shall be readily available to all facultystanf.

HazARD Risk ASSESSMENT

Fire emergency response plans are based on the identi ed potential eriesr ¢jesat
could reasonably be expected to occur within a given workplace. In creating s
plans, itis key to rst identify all potential emergencies and hazardowsisitg that
could arise. A hazard assessment, also knowrriak avaluationor hazard audit
is conducted to identify these hazards. Such analysis should considegtienéye
intensity, and duration of potential hazard scenarios both within the laoekpnd
surrounding structures.

For the purpose of thEmergency Fire Plarthe hazard assessment will include
the following components:

« If critical equipment failure results in an emergency situation, determin
the potential consequences of various failure scenarios aganile¢ the
minimum personnel needed to monitor and operate the equipment in the
event of an emergency.

« Determine suppliers, entry points, and shutoffs for on-site esilguch as
air-handling systems, electric, gas, water, and communicationsnidese
the need for and extent of backup systems.

« Determine the potential for and the effects of res.

» Determine the possible effects of a bomb threat or arson event.

e Determine if a potential re hazard exists on-site because of chemical
storage practices.

B EMENTARYSCHOOL AssessMENFOcUS

Additional focus should be on those areas of potential re hazard. At an elegnenta
school, the following types of res could reasonably be expected:

¢ Smoking-related
* Housekeeping

¢ Flammable liquids
e Electrical

e Heating system
e Arson
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HazARD AsSEsSMENFORM

Directions: Use this form to determine potential hazards and the consegus
re emergencies, and to identify critical equipment/operations andires® needed
to mitigate an event at your facility or operation.

Description of emergency:

Potential of occurrence (cite current and historical data):

Consequences caused by the emergency:

Critical equipment operation disruption:

On-site equipment needed to respond to the emergency:

On-site skills/training needed to respond to the emergency:

FIRE DRILL

FRE DRILL SAFETYPROCEDURES

Prior to the beginning of each school year, teachers are required to perform a
“walk-through” for the re drill. Each teacher will be instructed on cotmeans

of egress from their room and from other rooms in which their students will be in
(i.e., cafeteria, gymnasium, etc.). On the rst day of class for studentsjesmzher

will take their students on a “walk-through” evacuation and instruct thenheon t
importance of safety.

FreDRILLS

Fire drills will be conducted monthly at random assignment. All teachers &vill b
responsible for all students’ correct and safe evacuation from theriguitolithe
assigned assembly area. All occupants of the building must exit in an ehoiéisafe
manner. There should be no running by the students at any time throughout the drill.
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All teachers must possess the school register or roll book and tasitly them
on all evacuations. Once in the assembly area, teachers must take roll antifaccoun
every single student. To minimize confusion, teachers shoutkl regorded when
students have arrived for the day or if they are leaving early. Teachers aedadvis
to make changes to the roll book as any student leaves the room throughout the day.
This plan allows for teachers to adequately account for all students in &ssir cl

FRre DRILL PROCEDURE

< Held monthly or according to the mandate required by your state.

e As alarm sounds, all occupants must exit in a quick and orderly fashion.

e Last person out of classroom shall close the door.

e All teachers must observe and ensure that each student follows proper
exit routes.

e Teachers must carry school register or roll book to assembly area.

e Once in assembly area, students are to line up and roll will be called.

e All students must be accounted for.

¢ No one will be allowed re-entry to the building until the proper authority
has cleared the building.

FRreDRILLS

Section 14.7.2.2 of thieife Safety Codstates that emergency egress and relocation
drills in new educational occupancies shall be conducted as follows:

(1) Not less than one emergency egress and relocation drill shall be eshduct
every month the facility is in session, unless both of the following criteria
are met:

() In climates where the weather is severe, the monthly emergency
egress and relocation drills shall be permitted to be deferred.

(i) The required number of emergency egress and relocations drills
shall be conducted, and not less than four shall be conducted before
the drills are deferred.

(2) All occupants of the building shall participate in the drill.

(3) One additional emergency egress and relocation drill, other thanufor ed
cational occupancies that are open on a year-round basis, shall be required
within the rst 30 days of operation.

The purpose of emergency egress and relocation drills is to educate alt partici
pants in the re safety of the building, the ways of egress that are available, and
evacuation procedures that are to be followed. Prior to any evaluation okererg
egress and relocation drill, an initial education series on how to ef ciemtletec
tively exit the building in relocation drills should be provided. This educativies
should be presented in a nonthreatening, nonfearful manner that taketong
consideration the age, knowledge, and capabilities of the audience.
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CONCLUSION

HOUSEKEEPING

29 CFR 1910.2@2) and1910.2%a) (1)—All places of employment, passage
ways, storage rooms, and services rooms shall be kept clean and orderly and
in a sanitary condition.
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FRE EXTINGUISHERS

Inspections.Code 10: 7.2.12-Fire extinguishers shall be inspected either
manually or by means of an electronic monitoring device/system at the
minimum of 30-day intervals.
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Holding place/Out of reach on she@ode 10: 6.1.34Fire extinguishers
shall be conspicuously located where they are readily accessibl@aued i
diately available in the event of re.
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Extinguisher excess blocke@ode 10: 6.1.3.3-1-Fire extinguishers shall not
be obstructed or obscured from view.

BVERGENCYLIGHTING

Code 101: 7.9.3-Periodic testing of emergency lighting equipment.
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FRE ALARM THAT |s CoVvERED

Code 101: 9.6.16-Where a required re alarm service for more than 4 hours
in a 24-hour period, the authority having jurisdiction shall be noti ed, an
the building shall be evacuated or an approved re watch shall be provided
for all parties left unprotected by the shutdown until the re alarm system

has been returned to service.
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B ecTrIcALBoxESOPEN

NFPA Code 70: 215-4Covers for wiring system components shall be in place
with all associated hardware, and there shall be no unprotected openings.
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OpPeENWIRES

NFPA Code 70: 215-20pen wiring protection, such as locations or barriers,
shall be maintained to prevent accidental contact.
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SPRINKLERBLOCKEDB oXESHIGHER THAN THEM

Code 13: 15.2-Control mode density; area sprinkler protection criteria for pal
letized, solid piled, bin box, or shelf storage of plastic and rubber comesodit
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FrE BExits BLockep AND TRIPPING HAZARDS WHILE EXITING

Code 7.1.10:2-Means of egress shall be continuously maintained free of all
obstructions and impediments in full and instant use in the case of re or
other emergency.
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CHEMICALSON OPEN SHELF

Code 101: 15.3.2-2Rooms or spaces for the storage, processing, or use of
materials shall be protected in accordance with the follove)n@ooms or
spaces used for the storage of hazardous materials or ammable eombus
tible liquids in quantities deemed hazardous by recognized standards.
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DEFINITIONS

Alarms-Audible Noti cation: Bell, horn, chime, loudspeaker, or similar device
that is actuated by a signal from an alarm-initiating device.

Alarm-Initiating Device: Mechanical or electrical device that sends an alarm
signal to an alarm-indicating device. Alarm-indicating devices may be
heat, smoke, or gas detectors; manual pull stations, or municipal re alarm
boxes. They may or may not be part of a re suppression system.

Alarm System (Fire Detection): Equipment to detect the presence of re and alert
the occupants and notify the re department.

Automatic Sprinkler System: An automatic sprinkler system in a facility provides
a degree of safety that is incorporated into the interior nish requirements.

Class A Fire: Fires involving ordinary combustibles such as wood, paper, cloth,
rubber, and some plastics.

Class B Fire: Fires of ammable and combustible liquids and gases such as gaso
line, alcohol, kerosene, and propane.

Class C Fire: Fires involving energized electrical equipment. Nonconde&xitin
guishing agents are necessary to extinguish Class C res.

Class D Fire: Fires of combustible metal such as magnesium, sodium, titanium,
powered aluminum, potassium, and zirconium.

Drill: A simulated exercise conducted to practice and/or evaluate traimaagl
received; the process of skill maintenance.

Egress: In a building, the exit access portion of the means of egress system generally
comprises the majority of the oor area. Exit access includes all portions
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of a building through which an individual has to travel to reach an exit
from any occupied spot in the building. Understandind-tfeeSafety Code
requirements that apply to means of egress is of great importanceasThe d
tance a building occupant must travel to reach his/her nearest exit is termed
thetravel distance

Fire Extinguisher: These portable held re extinguishers are installed in many
occupancies to give the occupants a means of ghting a re manually.
Portable re extinguishers are not required by all occupancies and are
designed to ght incipient res.

Hydrants: NFPA 25calls for monthly inspections of any hose/hydrant hoses to
check accessibility, repair physical damage, and to replace missing equip
ment, which is also an important task to cover. There is a speci ¢ checklist
in theCode NFPA 2%hat is speci c to inspecting hydrants.

Inspections: A written report should be prepared for each inspection by a re
inspector. The purpose of the report is to describe the propettysause,
hazards, and re protection without going into unnecessary details.

Life Safety Code: There are applicablgfe Safety Codeequirements for the appro
priate occupancy classi cation. An example is that a hotel over three stories
high with guest rooms that open into corridors should have a re alarm
system and in hotels seven or more stories high an annunciator panel to
indicate the oor or area from which the alarm was transmitted is required.

Panic Hardware: A locking assembly designed for panic exiting that unlocks from
the inside when a release mechanism is pushed.

Sprinkler: Water ow device in a sprinkler system. The sprinkler consists of
a threaded nipple that connects to the water pipe, a discharge, i c
heat-actuated plug that drops out when a certain temperature is reached,
and a de ector that creates a stream pattern that is suitable for re control.

Standpipe Hose: Single-jacket hose, lined or unlined, that is preconnected to a
standpipe; used primarily by building occupants to mount a quick attack
on an incipient re.

Standpipe System:Wet or dry system of pipes in a large single-story or multistory
building with re hose outlets connected to them. The system is used to
provide for quick development of hose lines during re ghting operations

Ventilation: Systematic removal of heated air, smoke, or other airborne centami
nants from a structure and their replacement with a supply of fresher air.

Water Flow Alarm: Alarm-initiating device actuated by the movement (ow) of
water within a pipe or chamber; most common installation is in the main
water supply area.
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