
T H E  O F F I C I A L  M A G A Z I N E  O F  T H E  S O C I E T Y  O F  F I R E  P R O T E C T I O N  E N G I N E E R S

Assessing Fire Risk in the Petroleum Industry

Fire Protection for Nuclear Power Plants

Sustainable Design Elements

Energy and 
   New Fire     
        Protection
   Challenges

FALL 2007FALL 2007 Issue No. 36Issue No. 36



To purchase software or for additional
information on the SprinkCAD 

Software Suite, visit our website at 
www.sprinkcad.com

For FREE Demonstration Software or 
Technical Support call 800-495-5541.

SOFTWARE FOR THE 
FIRE PROTECTION DESIGN 

PROFESSIONAL

Design fire sprinklers systems built upon the CAD graphics program.

Develop user-friendly hydraulic calculation programs.

Formulate estimates using an interactive NFPA® 13 code selector program.

Calculate dry type systems per NFPA® requirements.

Accurately determine “PIPE ON THE JOB”.



Commercial building fires can be devastating—and not all businesses survive  
the loss of equipment and productivity. That’s why the best building designs depend 
upon the added protection of DuPont clean agent fire extinguishants. By limiting the 
spread of fire—even before conventional sprinkler response—the complete line of 
DuPont clean agents offers the best protection and best sustainable fire suppression 
solution for people, valuable assets and the environment.

DuPont Fire Extinguishants. The Science of Protection™.
cleanagents.dupont.com

DuPont clean agents qualify for LEED® green building credits.

You protect your building from a number of  
threats—lawsuits, theft, system failures.   
But how do you protect it from a devastating fire?

Copyright © 2007 DuPont. The DuPont Oval Logo, DuPont™, The miracles of science™, The Science of Protection™, FE-25™, FE-36™, and FE-227™ are trademarks  
or registered trademarks of E.I. du Pont de Nemours and Company or its affiliates. All rights reserved. LEED® is a registered trademark of the U.S. Green Building Council.



1

[C O N T E N T S ]

>>

Fall /  2007     w w w . F P E m a g . c o m   Fire Protection Engineering

 
24 Risk Assessment in the Oil and Gas   
 Energy Industry
 Steps for assessing fire risk with an emphasis on  
 identifying hazards, determining likelihood and  
 defining risk tolerance.
 By John A. Alderman, P.E., and William Fink

36 Implementation of a Performance-Based  
 Standard for Fire Protection for Nuclear  
 Power Plants
 Highlights of NFPA 805, a consensus standard   
 developed to manage fire risk at nuclear power plants. 
 By Harold T. Barrett, P.E.

48 Fire Protection/Life Safety in a    
 Sustainable Design World
 How to address fire/life safety concerns while   
 incorporating sustainable design elements into 
 a project.
 By Ronald J. Mahlman, P.E.

56 It’s Not Your Father’s Fire Alarm  
 Code Anymore
 The evolution of fire alarm systems over the last century.
 By NEMA

Roundtable Discussion on 
Energy and New Fire Protection 
Challenges
Experts discuss emerging alternative 
energy sources  and their impact on  
fire protection engineers, regulators, 
owners and consumers.
By Carl F. Baldassarra, P.E., FSFPE

10  COVER STORY

[
Subscription and address change correspondence should be sent to Fire Protection Engineering,  
Penton Media, Inc., 9800 Metcalf Ave., Overland Park, KS 66212 USA. Phone: 913.967.1623. Fax: 913.514.6623.  
e-Mail: tyler.motsinger@penton.com

Copyright© 2007, Society of Fire Protection Engineers. All rights reserved.

F e a t u r e s  FALL  2007>>

D e p a r t m e n t s 

2 From the Technical Director
4 Letters to the Editor 
6 Viewpoint
8 Flashpoints
60 Resources
62 Brainteaser
66 Products/Literature
68 Ad Index

Invitation to Submit Articles: 
For information on article submission to 

Fire Protection Engineering, go to www.fpemag.com/articlesubmit.asp.Online versions of all articles can be 
accessed at www.FPEmag.com.



2 Fire Protection Engineering w w w . F P E m a g . c o m  Fall  /  2007

From the TECHNICAL DIRECTOR[

Fire Protection Engineering welcomes letters to the editor. 
Please send correspondence to engineering@sfpe.org or by 
mail to Fire Protection Engineering, 7315 Wisconsin Ave., 
#620E, Bethesda, MD 20814.

Morgan J. Hurley, P.E.
Technical Director
Society of Fire Protection Engineers

Occasionally, engineers who are not residents of the 
United States wish to obtain licensure as a profes-
sional engineer in the United States. They may wish 

to become licensed in the United States because there are no 
similar credentials in their home country or because they wish 
to offer engineering services in the United States. Licensure as 
a professional engineer is required to offer engineering services 
directly to the public in the United States.

Unlike many countries, there is not a single license to 
practice in the United States. Professional licensure is regu-
lated on a state-by-state basis, so an engineer must become 
licensed in each state or territory in which he or she wishes 
to practice. If the reason that the non-U.S. resident desires 
to obtain a P.E. license is because there is no similar cre-
dential in his or her country and he or she only wishes to 
demonstrate engineering competence, then the engineer 
can simply become licensed in any U.S. state or territory. 

If engineers wish to offer engineering services in the United 
States, then they must become licensed in every state or ter-
ritory in which they wish to practice. Once an engineer be-
comes licensed in one state or territory, it is typically relatively 
easy to become licensed in other states or territories since it is 
not necessary to retake any of the required exams. 

Whatever the reason that an engineer wishes to be-
come licensed in the United States, the licensure process 
is similar in most states and territories. Because each U.S. 
state and territory is autonomous, small differences do ex-
ist. However, requirements typically entail four parts: (1) 
graduation from a college or university that is accredited 
by the Accreditation Board for Engineering and Technol-
ogy, (2) successful completion of the fundamentals of engi-
neering examination, (3) experience as an engineer and 
(4) successful completion of a principles and practices of 
engineering examination. In some cases, engineers with 
a doctorate degree would be exempted from having to 
successfully complete the fundamentals of engineering 
examination.

The Accreditation Board for Engineering and Technology 
accredits colleges and universities in the United States. 
Those with a degree from a college or university that is 
located outside the United States may have to have their 
education transcripts evaluated by the Center for Profes-
sional Engineering Education Services to determine if the 
applicant’s education is sufficient for licensure. 

The preceding is required of both U.S. residents and 
non-residents. For some non-U.S. resident engineers, one of 
the challenges may be coming to a U.S. state or territory to 
take the required examination(s). However, it may be pos-
sible to take these exams outside of the United States.

Up until 2005, the state of Oregon offered licensure 
examinations in Japan. Many states offer the exams at 
many sites, and Japan was considered one of Oregon’s 
“sites.” However, beginning in 2006, the National Council 
of Examiners for Engineering and Surveying, the associa-
tion of licensing boards in the United States, began offering 
licensure exams in Japan. The exams in Japan may only be 
taken by Japanese residents, so this solution is of little help 
to residents of other countries.

The National Council of Examiners for Engineering and 
Surveying has a process in place for bringing licensure 
examinations to other countries; however, at this time, Ja-
pan is the only country other than the United States where 
licensure exams may be taken. 

The Society of Fire Protection Engineers works closely 
with the National Council of Examiners for Engineering 
and Surveying (NCEES). Since only licensing boards have 
a vote within NCEES, SFPE has limited influence on matters 
such as international practice. Several SFPE members who 
reside outside of the United States have expressed interest 
in obtaining U.S. professional engineering licenses. While 
SFPE may not be able to strongly influence NCEES policies, 
SFPE can make sure that NCEES is aware of the concerns 
of non-U.S.-based members, and that members who reside 
outside of the United States understand what is necessary to 
become licensed in the United States. This article is part of 
those efforts. 

Obtaining U.S. Professional  
Licensure by non-U.S. Residents
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LETTERS to the EDITOR>

Dear Editor,

I am writing in my capacity as the President of the New Zea-
land Chapter of the Society of Fire Protection Engineers with re-
spect to the letter from Mr. Simon Davis, representing the New 
Zealand Fire Service, that was published in the Winter 2007 
edition of the Fire Protection Engineering magazine.

The engineering profession in New Zealand recognises that 
fire engineering is a new discipline, which does not yet have the 
experience, wisdom and research that many other engineering 
disciplines enjoy.

The Institution of Professional Engineers New Zealand (IPENZ) 
commissioned a task force to examine the role of fire engineers 
and the place of fire engineering in the design and construction 
of buildings.

The task force was set up because of concern that “fire 
engineering” was being practised by persons who were not 
adequately qualified or experienced to do so, and that this 
had resulted in the perceived standards of the profession be-
ing compromised. 

 Martin Feeney and I represented SFPE (NZ Chapter) on 
the task force. The final report from the task force is due to 
be released shortly, and it is proposed to present the report to 
interested parties at seminars in the major centres. The task-
force and IPENZ are confident that the report will have a posi-
tive influence in:

a) helping the industry understand fire engineering, 
b) defining the different areas of expertise; and
c) providing a clearer understanding of the qualifications 

required by a fire engineer to practise fire engineering within 
the construction industry.

Simon is a member of the task force, so he is fully aware of 
the findings of the task force, hence it is surprising and unfortu-
nate that he penned the letter.

I trust this letter provides you with a better understanding of 
the professionalism of New Zealand fire engineers and their 
commitment to providing engineering excellence. There is 
always room for improvement, and in this regard, we will con-
tinue to strive and provide assistance. 

  
  Yours sincerely, 
  Richard Brand
  President, SFPE NZ Chapter

    

The engineering profession in 
New Zealand recognises that fire 
engineering is a new discipline, 

which does not yet have the 
experience, wisdom and research 

that many other engineering 
disciplines enjoy.



Schirmer Engineering offers the most rewarding careers in the 

fi re protection industry. As the industry’s oldest and most widely 

respected fi rm, we provide on-the-job training, the opportunity to 

work on highly visible projects, the chance to travel, a competitive 

compensation package, an ever-changing environment and endless 

opportunities for growth. Our employees experience a sense of 

accomplishment and responsibility that is unmatched. 

Schirmer is the perfect environment for individuals who thrive on 

challenge, variety and excitement. Talk to one of our managers 

and learn why Schirmer Engineering has become the industry’s 

employer of choice. To learn more about all that we offer, visit 

www.schirmereng.com or call Gail Johnson, 1-888-SCHIRMER.

Choose to be 
Challenged

We couldn’t fi t:

someone who loves a challenge, travels 

the world, experiences something new 

every day, embraces responsibility, 

learns constantly, sees a solution in 

every problem, goes to bed with a 

sense of accomplishment

EOE/M/F/D/V



6 Fire Protection Engineering w w w . F P E m a g . c o m  Fall  /  2007

>VIEWPOINT

By John H. Suzukida, P.E.

What does building energy efficiency have to do with 
fire protection? This article will focus on those trends 
in new or updated buildings to identify their potential 

impact on fire protection practices.

Energy-related trends include:

buildings for heating and cooling because there will be less fos-
sil fuel (natural gas/propane or oil) burning on site. A possible 
exception could be the use of hydrogen or fuel cells. 

air conditioning (HVAC) will be used in areas which are not  
being used.

will be challenged with generating and/or recovering more of 
its own energy. 

which control the amount of sun and heat admitted will be used 
more frequently. 

widely used in densely populated areas with distributed hot 
water or steam and chilled water. 

choices such as sea water, may be more common as fresh water 
becomes scarcer.

One indicator of the future in buildings is to look outside the 
United States since, generally, energy has cost more for a longer 
period of time in other countries. That higher cost has driven 
behavior and design due to its impact on the bottom line. For 
example, gasoline costs in Europe and Asia were historically 
three to four times higher than in the United States, so it’s no 
wonder cars in those countries tend to be smaller. Similarly, high 
energy costs influenced building architecture to include things 
such as opening windows or shading to reflect sunlight. Building 
occupants outside the United States are more likely to be ac-
customed to warmer temperatures in summer and cooler ones in 
winter—by several degrees. 

Not surprisingly, HVAC systems evolved differently in the 
United States than in most other countries. Throughout Asia and 
Europe, many large commercial buildings use zoned systems 
which do not depend on ducts to distribute heating and cooling 
air. Instead, smaller systems that can be turned on and off are 
used only when the space is occupied. That is quite a cultural 
shift from the United States, where every room is expected to be 

comfortable at all times, in homes and anywhere else. Those ex-
pectations have led to the development of large central systems 
instead of the smaller zoned systems. 

More tightly regulated emission of greenhouse gases are likely 
to reduce burning natural gas or oil at each building for HVAC 
purposes. That could result in:

1. District heating and cooling growth. This is a system where 
hot water or steam for heating and chilled water for cooling are 
generated in one location and piped to numerous buildings, 
eliminating the need for HVAC systems in each building. District 
systems are used most often where the buildings are located 
close together.

2. Electricity becoming the default form of energy use in build-
ings. It may be obtained from a combination of sources, depend-
ing on conditions which vary through the day or time of year, 
such as solar or wind. Solar could be in the form of collectors 
which heat water or photovoltaic cells that convert sunlight into 
electricity and may be incorporated into roofing materials or 
other cladding, even glass. Electricity may be generated in the 
form of small on-site windmills. Storage of electricity is a large 
technological challenge (e.g., battery limitations in electric cars); 
instead, it’s likely that any electricity generated on site will be 
augmented by power from the existing electrical grid. In the 
event excess electricity is generated on site, it can be sold back 
to the utility for a credit. 

The term “zero energy” refers to a building with a net zero 
use of energy; sometimes it uses energy generated elsewhere, 
sometimes it generates excessive energy that is sold back to the 
electric utility – but on the whole it does not use more energy than 
is generated. 

In the future, access to clean water may be equally as chal-
lenging as energy efficiency. In Hong Kong, it is very common 
to have the toilets supplied with sea water instead of fresh water. 
The blue-green color is an immediate indicator that something is 
different! 

Collecting rainwater or using gray water for other uses in the 
building are possibilities which could result in on-site water stor-
age, with positive fire protection implications. Other possible 
effects may be more buildings using opening windows. 

As buildings become more energy-efficient, it’s likely that 
some of the concepts above will be used, and their impact on 
fire protection will need to be evaluated and incorporated into 
future practices. 

John H. Suzukida, P.E., is with Lanex Consulting, LLC. 

The impact on fire protection  
practices from building energy  
efficiency changes
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>
NFPA Report Finds More Fires But Fewer  
Deaths in the U.S. in 2006

Fire departments in the United States responded to an estimated 1.6 million fires during 2006. 

These fires caused 3,245 civilian deaths and 16,400 injuries, according to a National Fire 

Protection Association (NFPA) report released on September 10, 2007. The number of fires in-

creased slightly by about 3% from 2005 to 2006, while fire deaths fell 12% and fire injuries 

were down by 8%.

The total number of people that died from fires in 2006 (excluding firefighters) was the lowest 

since NFPA began collecting this data in 1977 and 4% lower than the previous low of 3,380 

in 2002. The number of fire deaths varies from year to year, with most of the variation in fire 

deaths occurring in communities with populations under 10,000.

NFPA’s study, Fire Loss in the United States During 2006, offers a detailed account of fire loss 

for the previous year and an analysis over time based on new information.

For more information, go to www.nfpa.org.

FLASHPOINTS       Fire Protection 
      Industry News

The SFPE Corporate 100 Program was founded in 1976 to strengthen  
the relationship between industry and the fire protection engineering communi ty. 
Membership in the program recognizes those who support the objectives of SFPE 
and have a genuine concern for the safety of life and property from fire.

[
Home Fire Sprinkler Coalition Develops Public 
Education Kit and Children’s Education Program

As part of its ongoing efforts to provide materials and tools to educate the public on the ben-

efits of residential fire sprinklers, the Home Fire Sprinkler Coalition (HFSC) recently released 

a new Public Education Kit – available free to fire service and public educators nationwide – 

and an interactive, educational Web site (www.SprinklerSmarts.org).

The Public Education Kit contains all of HFSC’s educational and presentation material, including:

Protect What You Value Most), 

  builders (Built for Life) and people living in homes protected with sprinklers 

 (Living with Sprinklers); and

Children are the main audience for the Sprinkler Smarts animated Web site, which features 

fun characters and interactive games. Fire safety officials can use worksheets offered on the 

Web site as well as other downloadable material in collaboration with the presentations and 

games. These materials help children understand fire safety and prevention as well as identify 

fire sprinklers and their benefits through an entertaining form of education.

For more information, go to www.HomeFireSprinkler.org.
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T
his article is a “roundtable” discussion of energy-related fire protection 
engineering challenges and solutions. The focus is on emerging alterna-
tive energy sources and new technical challenges facing fire protection 
engineers, regulatory authorities, owners and consumers. The virtual 
roundtable is a result of interviews of various experts representing a cross-

section of industry practitioners and regulators in the field and a compilation of 
their responses. 
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[ Energy and New Fire Protection Challenges ]

QUESTIONS

Have the recent increases in 
the cost of petroleum products 
led to additional investment in 
protection of these assets, e.g. 
additional interest in process 
safety, protection systems, etc.? 

Alderman: 
There has not been a direct corre-

lation for either increasing or decreas-
ing levels of protection for existing fa-
cilities. However, for the last couple of 
years and into the foreseeable future, 
both process safety management and 
fire protection will increase because 
of new projects and the expansion of 
refineries and chemical facilities. 

Benedetti:
The petrochemical industry has al-

ways paid close attention to health 
and safety issues, environmental 
protection, fire protection and loss 
prevention. Admittedly, accidents 
do occur. Recent additional invest-
ments in the petrochemical sector in 
safety and loss-prevention programs 
are probably responses to impend-
ing or proposed rules under the aegis 
of the U.S. Department of Homeland 
Security (DHS) and to the occurrence 
of unfortunate accidents, such as the 
BP–Texas City incident. I think the pet-
rochemical industry, by and large, 
takes the risks that are inherent in 
high-hazard operations seriously and 
has done a good job implementing 
prevention and protection programs.

Kilpatrick:
Over the last few years, some local 

bulk petroleum facilities have made mi-
nor improvements in their fire protec-
tion systems and associated product 
pipeline systems. It’s difficult to know, 
though, whether the improvements 
were made in response to increases in 
the cost of petroleum products or for 
some other reason. 

Mueller:
I think that, in part because of the 

tremendous demand for energy and 
specifically petroleum products, there 
has indeed been an increased em-
phasis and investment by producers 
for fire protection equipment, systems 
and process controls to minimize fires, 
and economic inventory and produc-
tion losses.

What kinds of additional 
safety analyses or protection 
systems are being installed 
at processing and storage 
facilities? 

Alderman: 
We are seeing more companies 

conduct either fire hazard assessments 
or full risk assessments to determine 
the need for protection systems. More 
companies recognize the benefit of 
prevention versus protection, hence, 
more systems are being installed to 
prevent or minimize releases of haz-
ardous material. 

Benedetti:
The focus appears to be on security 

and vulnerability assessment of exist-
ing and planned facilities, in response 
to DHS rulemaking.

Kilpatrick:
Improvements have been made to 

existing foam fire protection systems 
protecting bulk tanks, and piping sys-
tems that serve storage facilities have 
been upgraded. 

Mueller:
The critical manufacturing pro-

cesses include systems monitoring 
pressure and temperature to inte-
grated process control systems that 
allow operators to observe significant 
changes and avoid equipment failure 
or atmospheric releases that can re-
sult in fires or explosions. In addition, 
emergency system-isolation systems 
are being designed into the process to 
help minimize catastrophic failures.

Do you find that fire protection 
engineering services are 
typically provided by a fire 
protection engineer or another 
member of the design team? 

Alderman: 
The large companies have fire pro-

tection engineers perform the work. 
For smaller companies and for engi-
neering contractors, fire protection is 
typically being performed by others. 

Benedetti:
Loss-prevention programs of any 

type, whether fire protection, explo-
sion prevention, protection for run-
away reactions and process upsets, 
are generally the responsibility of an 
engineer or other technical specialist 
with expertise in the subject area.

Kilpatrick:
The design team generally pro-

vides the fire protection engineering 
services, and occasionally, they hire 
additional fire protection engineers to 
consult on the project. 

[

[

Once a company 
integrates the 

process controls, 
earmarking the 

additional dollars 
for fire protection 

systems and 
equipment is still 

too often a difficult 
process, especially 

in industry.
– Mueller
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[ Energy and New Fire Protection Challenges ]

Mueller:
Once a company integrates the 

process controls, earmarking the ad-
ditional dollars for fire protection sys-
tems and equipment is still too often a 
difficult process, especially in indus-
try. It is improving, but certainly not 
to a point that generally involves a 
specialist in fire protection or specific 
fire protection engineering consulting 
firms. More often, the implementation 
of fire protection systems and equip-
ment is executed by other design team 
members, not by specialists in the fire 
protection field.

Have you seen an increase in 
performance-based design 
solutions for these emerging 
issues? 

Alderman:
Many energy-related companies 

have developed their own standards 
that exceed the local fire and building 
codes. As such, they have developed 
a form of performance-based design 
based upon the fire hazard present. 

Benedetti:
Working with such a broad-based 

code as NFPA 30, Flammable and 
Combustible Liquids Code, almost 
any application of the code ends up 
being performance-based. The design 
of protection for chemical processes 
inevitably is tailored to process con-
ditions, the hazards of the process, 
and the hazards of the materials in 
the process. Generally, the same 
holds true for bulk storage, although                       

[
[

NFPA 30 does not 
mandate particular 

means of fire  
protection. It leaves 

the decision to 
provide protection 
to the designer, 
based on a fire 
hazard analysis. 

– Benedetti
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fire protection system. More than 100,000 Xerxes� tanks are safely storing petroleum products at
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choice for water storage applications as well.

F e a t u r e s :
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• Wa t e r t i g h t
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• NSF-listed for dual use in potable-

water applications

Four manufacturing facilities nationwide!

For more information, visit www. x e r x e s c o r p . c o m .
(952) 887-1890 phone • (952) 887-1882 fax
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features such as normal and emer-
gency venting of storage tanks are 
based on proven specification criteria 
developed many years ago. NFPA 
30 does provide specification-ori-
ented fire protection design criteria 
for warehouse storage of containers 
and intermediate bulk containers of 
flammable and combustible liquids, 
but these criteria are based on evalu-
ation of full-scale fire tests that mimic 
actual, as-used storage arrays. The 
designer always has the option of 
choosing a performance-based de-
sign under the “equivalency” concept 
inherent in NFPA codes and stan-
dards. This is particularly true where 
no specific protection criteria exist for 
the intended storage conditions. This 
is also true of bulk storage in tanks. 
For storage tanks, NFPA 30 takes a 
passive approach to protection based 
on proper design of the tank itself;  
appropriate emergency venting; 
separation from important buildings,  
adjacent properties, and public roads; 
spill control; and overfill prevention.  
NFPA 30 does not mandate any 
particular means of fire protection. 
It leaves the decision of whether or 
not to provide protection – and, if so, 
what type – to the designer, based on 
a fire hazard analysis. 

Kilpatrick:
Yes. In general, the fire code does 

not address process safety and con-
trol to the degree that is necessary 
for industrial facilities. For that rea-
son and because of the length of time 
it takes to develop and adopt fire 
code regulations at the national level 
that pertain to these emerging fuels, 
performance-based design solutions 
are generally submitted and often en-
couraged. As a jurisdiction, we find 
ourselves relying more and more on 
industry standards in addition to the 
fire code when we review these plans. 
We have recently begun requesting 
third-party technical reviews to evalu-
ate process safety and protection sys-
tems of submitted designs. 

Mueller:
For many industrial locations and 

hazards, there is inconsistency in the 
methodology and type of fire pro-
tection systems implemented. NFPA 
standards can serve as very valid 
guidelines, but the crossover from 
commercial to industrial fire protec-
tion identifies shortcomings, result-
ing in open design solutions. For the 
petroleum industry, for example, in-
dustry guidelines, best practices, and 
current manufacturer/end-user tech-
nology and applications, sometimes 
driven by cost, are the major factors 
of design solutions.

What do you see as the 
most challenging aspect of 
hydrogen as a motor vehicle 
fuel?

Kilpatrick:
Hydrogen-fueled vehicles and 

hydrogen fueling stations have not 
yet appeared in Seattle. However, 
I think the most challenging aspect 
of hydrogen is the ability to ensure 
that the level of safety of hydrogen 
internal combustion engines and fuel- 
cell-powered vehicles is comparable 
to that of other vehicles. Because of 
the high pressure of onboard stor-
age systems, ensuring the integrity 
of the containment cylinder and the 
associated pressure relief valves is 
of utmost concern. The fire service 
is very concerned about responding 
to car fires and extricating persons 
from motor vehicle incidents involv-
ing fuels under pressure. Though not 
hydrogen-fueled, a car fire incident 
recently occurred in Seattle where a 
high-pressure fuel tank exploded. The 
tank was propelled hundreds of feet 
into the air and metal car parts show-
ered the area like shrapnel. Had the 
vehicle involved trapped occupants or 
if firefighters had approached minutes 
earlier, certainly injuries or fatalities 
would have resulted. 
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Mueller:
To the best of my knowledge, pro-

viding the supply to meet the potential 
demand is the most immediate chal-
lenge. Nearly every bit of hydrogen 
that is being produced by the petro-
leum industry is being self-consumed 
in their own hydrogen desulphuriza-
tion units to provide cleaner gasoline 
and diesel fuel products to comply 
with federal guidelines on cleaner-
burning fuels. Many refineries are 
building new hydrogen units across 
the United States such that they can 
comply and keep up with the growing 
demand for refined products. Other-
wise, I understand that the market is 
too small to attract the large oil com-
panies right now. Only about a dozen 
states have hydrogen fueling stations, 
and only California has more than a 
handful. Even if big oil companies are 
slow to add hydrogen to their prod-
uct line, industrial gas suppliers could 
step in.

Rivkin:
Producing large quantit ies of 

hydrogen using renewable energy 
sources is a real challenge.

What new technologies are 
being employed to meet this 
challenge?

Kilpatrick:
It is my understanding that alter-

native storage systems, such as the 
use of metal hydrides that act like a 
sponge to store large amounts of hy-
drogen, are being researched that 
could help minimize the need for such 
high-pressure systems.

Mueller:
Some hydrogen is produced at re-

fineries whereby it is cracked-off in the 
distillation process, and then it must 
be ultimately transported by tanker 
truck. Nearly all hydrogen is made 
from natural gas, which is abundant 
in North America. Fuel-cell vehicles 
are electric-powered. The electricity is 
generated by a fuel cell in the car. The 

fuel cell mixes hydrogen and oxygen 
in a process that produces electric-
ity and emits water. Hydrogen fuel-
cell vehicles are seen as a long-term 
solution to U.S. dependence on oil. 
Honda reportedly has a 2008 model 
that will get the mileage equivalent to 
68 miles per gallon (29 liters/km) in 

the federal city/highway combined-
driving cycle. Hydrogen with the same 
amount of energy as a gallon (3.8 li-
ters) of gasoline sells for $3 to $6, but 
because fuel-cell cars are much more 
efficient, the cost per mile is much less 
than with gasoline. 

Rivkin:
Wind turbines appear to be the 

fastest-growing new technology to 
produce electricity and potentially to 
produce hydrogen.

Do you believe that current 
codes and standards are 
adequate? If not, what needs 
to be done?

Kilpatrick:
No. Even though there has been 

and continues to be a considerable 
amount of research to establish a 
unique set of requirements for hydro-
gen, I do not believe that the current 
codes and standards are fully devel-
oped and adequately address all the 
safety concerns. The codes and stan-
dards development organizations, the 
Department of Energy, the National 
Hydrogen Association, the Society 
of Automotive Engineers and other 
stakeholders should continue to ac-
tively pursue development of a safe 
set of standards for hydrogen. The 
fire service is concerned that vehicles 
powered by compressed gas fuels be 
more readily identifiable to firefighters 
responding to motor vehicle accidents 
where decals or the bumper-marking 
systems currently employed are not 
adequate. Car parts containing mark-
ings are easily separated or mangled 
in a vehicle accident. 

Rivkin:
NFPA is developing a comprehen-

sive hydrogen safety code that will 
extract portions of several existing 
NFPA documents and fill gaps. Po-
tential gaps are integrating hydrogen-
dispensing equipment into existing 
fueling facilities, maintenance work 
on hydrogen equipment and hydro-
gen generators.

Is there an area where 
additional research or testing 
needs to be conducted? If so, 
please describe.

Kilpatrick:
Because hydrogen is odorless, is 

easily ignitable and the flame is nearly 
invisible in daylight, some on-board 
system to effectively detect leaking 
hydrogen should be considered. 

[
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 The fire service 
is concerned that 
vehicles powered 
by compressed 

gas fuels be more 
readily identifi-
able to firefight-

ers responding to 
motor vehicle acci-
dents where decals 

or the bumper- 
marking systems 

currently employed 
are not adequate. 

– Kilpatrick
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Mueller:
One of the biggest challenges for the future is meeting 

the supply and distribution of hydrogen to the retail fueling 
service stations. 

Rivkin:
Additional research is needed in the behavior of hydro-

gen mixtures, explosion characteristics in partially confined 
spaces and sensing technology to name the few. There are 
likely many other areas that require research.

What do you see as the most challenging aspect 
of Ethanol/E-85 as a motor vehicle fuel?

Alderman:
Storage and transportation. The pipeline system within 

the United States is not capable of transporting ethanol be-
cause it is water-soluble. This means there will be many more 
storage facilities located closer to distribution points. 

Benedetti:
There are two challenging aspects of ethanol as a motor 

fuel. First, the possible lack of understanding that fire-fight-
ing techniques and fire-fighting agents can be different for 
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ethanol-based fuels. For example, alcohol-resistant fire-
fighting foams should be used for motor fuels with ethanol 
concentrations above 10% to 15% and would be consid-
ered mandatory for high EtOH concentration fuels or neat 
ethanol. Also, there is a general lack of understanding 
of the hazards of flammable/combustible liquids among 
some organizations that are entering this business.

Kilpatrick:
Currently the primary challenge associated with etha-

nol is the recent discovery that the fueling-system com-
ponents, such as seals and hoses, may deteriorate as a 
result of the corrosive nature of the alcohol. 

Editor’s note: In October 2006 Underwriters’ Labo-
ratories (UL) announced it suspended authorization for 
manufacturers to use its listing marks on components for 
fuel-dispensing devices that provide for fuel mixtures with 
greater than 15% alcohol, such as ethanol. While no 
reported safety issues have been reported to them, their 
research indicated that high concentrations of ethanol or 
other alcohols may result in the degradation of certain 
fuel-dispensing components, adversely affecting the abil-
ity of the equipment to contain the fuel. As of this date, UL 
has never listed a dispenser for E85 use. 
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Mueller:
This is a complicated subject be-

cause it has major implications to the 
U.S. oil (energy) industry, U.S. auto 
industry and consumer. The oil indus-
try is the largest consumer of ethanol 
in the United States. Ethanol is pur-
chased as an additive and is blended 
with gasoline to provide a cleaner-
burning fuel. By doing so, both the 
oil industry and auto industry meet 
federal guidelines for use of renew-
able fuels as well as meet government 
smog-reduction rules.

The U.S. oil industry is also driving 
up the demand for ethanol because of 
the growing demand for gasoline. The 
oil industry controls the downstream 
distribution of gasoline products from 
the refinery to the retail service sta-
tion. So the demand for ethanol is 
certainly growing, hence the surge 
in ethanol plant production across 
the United States. The U.S. oil indus-
try does not produce E-85. Ethanol 
is typically blended into gasoline at 
10% ethanol and 90% gasoline. E-85 
is 85% ethanol and 15% gasoline. As 
I understand it, approximately 1% of 
all U.S. retail service stations provide 
E-85 to the consumer. Meanwhile, 
nearly 50% of all gasoline sold in the 
United States contains some percent-
age of ethanol.

The U.S. auto industry has been 
building “flex-fuel” vehicles for sev-
eral years, but not in large numbers. 
To my knowledge only about 5% of 
the total autos in the United States can 
burn E-85 fuel. The domestic automak-
ers have a goal of producing up to 2 
million “flex-fuel” vehicles per year by 
2010, and produce 50% of their U.S. 
production capable of burning E-85 
by 2012. 

For the consumer, the retail price of 
E-85 at the pump is traditionally less 
than unleaded gasoline; however, the 
mileage per gallon is approximately 
25% less as compared to fuel economy 
for gasoline. So on an annual basis, 
the consumer will pay more money for 
E-85. The commercial preference for 
the consumer, if it is strictly based on 
economics, will be to favor gasoline. 

For the gasoline retailer, the invest-
ment to distribute E-85 is an additional 
expense. The average cost for new 
tanks, pumps, etc., to distribute the 
product is approximately $200,000 
per facility. So, there are many chal-
lenges to introducing E-85 into the dis-
tribution retail fuels market.

What new technologies are 
being employed to meet this 
challenge? 

Benedetti:
Studies are now being conducted 

to determine the capabilities of cur-
rently available foam fire-fighting 
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agents for use on fires involving high 
concentration EtOH fuels and neat 
EtOH. These studies are also aimed at 
determining whether specific fire-fight-
ing tactics are needed. It should be un-
derstood that selection of fire-fighting 
agents and proper fire-fighting tactics 
for flammable or combustible liquids 
(with the exception of containers in 
warehouses) are beyond the scope of 
NFPA 30.

Kilpatrick:
UL is currently conducting tests and 

research to resolve the compatibility 
problem of equipment. 

Mueller:
There is a tremendous push in the 

United States to construct ethanol 
plants. Once again, the largest con-
sumer is the oil industry, and they are 
largely responsible for driving the de-
mand as well as the cost up.

Do you believe that current 
codes and standards are 
adequate? 

Alderman:
Yes.

Benedetti:
I believe that NFPA 30, Flammable 

and Combustible Liquids Code, is 
more than adequate to address an 
ethanol production facility. NFPA 30
necessarily addresses process oper-
ations broadly. A basic premise of 
NFPA 30 is that a fire hazard review 
must be conducted to identify fire and 
explosion hazards and to ensure that 
corresponding fire prevention, fire 
control and emergency action plans 
are implemented. The hazards of bulk 
storage of ethanol and ethanol-con-
taining motor fuels are no different 
than that of any other flammable liq-
uid. The requirements in NFPA 30 are 
well established, well understood, and 
appropriate. All that is left is proper 
application of the provisions of the 
Code by a knowledgeable engineer 
or designer. I should point out that the 
larger facilities will probably come 

Mueller:
Probably more follow-up work as-

sociated with the Ethanol Emergency 
Response Coalition and accelerated 
flammable liquids training for munici-
pal firefighters, especially in commu-
nities where the ethanol plants are 
being constructed.

What do you see as the most 
challenging aspect of bio-fuels 
as motor vehicle fuels? 

Alderman:
The local Authority Having Juris-

diction (AHJ) may not understand the 
technology and hazards, or lack of 
hazards. Bio-fuels facilities pose fewer 
fire and explosion hazards than refin-
eries or other processing facilities. 

Benedetti:
As with EtOH, the challenging as-

pects of other bio-fuels are (1) the pos-
sibility that fire-fighting tactics used for 
hydrocarbon fuels might not be ap-
propriate for bio-diesel fuel, although 
personally I don’t think this will be the 
case; (2) the same general lack of un-
derstanding of the hazards of flam-
mable/combustible liquids among 
some organizations that are entering 
this business; and (3) there is some in-
dication that individual entrepreneurs 
entering this new business might not 
have an understanding of the hazards 
of the process or its raw materials and 
by-products.

Kilpatrick:
Bio-diesel does not present nearly 

the challenges that other alternative 
fuels do since it’s more similar to 
traditional fuels. It has a high flash-
point, low volatility and, therefore, 
presents less of a fire hazard than 
other motor fuels. The most chal-
lenging aspect of bio-diesel right 
now seems to be that there are few 
controls in the code for the purest 
form of bio-diesel (B100), a class IIIB 
liquid, when it is used as a motor 
vehicle fuel or inside as a generator 
fuel. The fire service also has con-
cerns that “home-brew” operations 

under federal rules for process safety 
management and for the prevention 
of release of hazardous chemicals.

Kilpatrick:
Except for the compatibility issue, 

I believe the current codes and stan-
dards adequately address ethanol.

Mueller:
I don’t think so. Industry research 

and testing will raise awareness and 
drive new standards. I think that ap-
propriate codes and standards will fol-
low, but it is difficult for these to keep 
pace with technology and industry. 
The ethanol industry as a whole would 
benefit from more standards and fire 
protection practices to protect process-
ing, storage and loading facilities.

Is there an area where 
additional research or testing 
needs to be conducted? If so, 
please describe.

 
Kilpatrick:

Again, UL is actively conducting 
research and testing to ensure effec-
tive safety requirements are devel-
oped.

[
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other alternative 

fuels do. 
It has a high flash- 
point, low volatil-
ity, and, therefore, 
presents less of a 
fire hazard than 
other motor fuels. 

 – Kilpatrick
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will be set up in residential settings 
without adequate knowledge and 
safety precautions observed. 
 
What new technologies are 
being employed to meet this 
challenge? 

Kilpatrick:
New technologies are not really 

needed to address the challenge, but 
the codes should be revised to ac-
knowledge that Class IIIB liquids are 
being used as motor fuels. 

Do you believe that current 
codes and standards are 

adequate? If not, what needs 
to be done?

Alderman:
Yes, I believe current codes and 

standards are adequate. 

Benedetti:
Yes. As stated above for ethanol, 

NFPA 30 would be the appropri-
ate code to use. If the provisions of  
NFPA 30, including its requirement for 
a fire hazard analysis, are properly 
applied, then the result should be a 
safe operation. As stated above, fed-
eral rules will likely apply to larger  
facilities.

Kilpatrick:
No. In my jurisdiction, B100 is the 

most prevalent bio-diesel being used, 
and it is being used as both a motor 
vehicle fuel and as a fuel for gene-
tors. It is my opinion that when the 
current codes were developed, we 
did not contemplate the use of Class 
IIIB combustible liquids as motor fuels, 
and therefore, many of the prudent 
practice requirements that appear in 
the codes do not apply to fueling of 
B100. Code change proposals should 
be submitted to address the use of bio-
diesel motor vehicle fueling operations 
as well as when used as a generator 
fuel inside buildings.

Is there an area where 
additional research or testing 
needs to be conducted? If so, 
please describe.

Kilpatrick:
I am not aware of any additional 

research or testing that needs to be 
conducted on the use of bio-diesel as 
a motor vehicle fuel. 

Atif Qureshi of the 
Fire Protection Interna-
tional Consortium con-
tributed to this article.
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in the Oil and Gas Energy Industry
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M
any companies have standards for fire pro-
tection and many states and municipalities 
have building and fire codes that they follow. 
However, these standards and codes have 
typically been “prescriptive” in nature and 

required that fire protection be provided, regardless of the 
frequency or severity of the potential hazard. Fire protection in 
the energy production industry generally consists of fireproof-
ing, water or deluge systems, foam systems and fire detection 
and alarm systems. 

The fire protection community is slowly using performance 
based criteria in determining appropriate fire protection. 

“Performance-based” applications to code compliance 
have been adopted across the United States. In the energy 
production sector, risk assessment is used and the latest 
modeling programs are used to assess the hazards of fires 
and explosions. Based on the results of these studies, the 
fire protection engineer and owner can then determine the 
appropriate fire protection required for the hazard. 

This paper addresses the use of risk assessment tech-
niques for fire protection in the energy production industry.
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Risk assessment is a process where 
the results of a risk analysis are used to 
make decisions, either through a risk 
ranking of hazard reduction strategies 
or through comparison to target risk 
levels and cost-benefit analysis. Risk is 
often referred to as the product of the 
consequences of the potential hazard 
times the probability of occurrence of 
scenarios. Risk assessment techniques 
can be used to determine the amount 
of fire protection required for a given 
hazard by conducting an analysis or 
calculations to define the fire protec-
tion required to mitigate the hazards. 
The process consists of a series of steps 
as illustrated in Figure 2. Each step in 
the risk assessment process is discussed 
in the following sections.

HAZARD ANALYSIS

The first step in any risk assess-
ment is to conduct a hazard analysis. 
The hazard analysis techniques used 
to identify potential hazards in the  
process and facility are shown in  
Table 1. Typical facilities where hazard 
analyses are performed include refin-
eries, storage terminals, gas plants, 
platforms, floating production/stor-
age and offloading floating storage 
and offloading, or any combination 
of these. However, this approach can 
be used for Liquified Natural Gas fa-
cilities, gas turbine generator stations, 
power plants or practically any type 
of energy-production facility.

The outcome of a hazard analysis 
is a list of potential fire hazards that 
may occur on the facility. A partial list 
could include jet fire, pool fire, explo-

IS MORE BETTER?

In the Piper Alpha incident in 
1989, 168 people lost their lives as 
a result of an explosion and resulting 
fire in an offshore platform. Would 
more fire protection have helped in 
that incident? Figure 1 is a storage 
tank fire and is another example of 
the need for fire protection. There are 
many other incidents where the ques-
tion of adequate detection and mitiga-
tion could have reduced the impact of 
the incident.

HOW MUCH IS TOO MUCH? 

There has always been debate 
about the amount of fire protection 
that is necessary in the energy-produc-
tion industry. Inadequate or improper 
protection can lead to potential loss of 
life and property, resulting in reduced 

production and possible environmen-
tal impact. Overprotection can lead to 
increased cost, false alarms or trips of 
systems and increased maintenance. 
More importantly, overprotection can 
lead to a false sense of security by 
management that the facility is com-
pletely safe. So what is the correct 
level of fire protection?

THE USE OF RISK ASSESSMENT

[ Risk Assesment in the Oil and Gas Energy Industry ] 

Figure 1. Storage Tank Fire

Hazard Analysis Methods
 Checklist
 HAZID
 What-if?
 HAZOP
 FMEA

Table 1. Hazard Analysis Methods
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sion, electrical fire or building fire. The list would also include 
the corresponding location where each could occur. These 
hazards can then be turned into scenarios for further analy-
sis. A common mistake is to list just the hazards, whereas a 
scenario is a series of events that need to occur to create a 
hazard.

 
CONSEQUENCE ANALYSIS

Consequence analysis is the process used to determine the 
impact or magnitude of the scenarios. For example, one sce-
nario could be a pump seal failure in the light-ends handling 
area of a facility that results in a vapor cloud forming with an 

[ Risk Assesment in the Oil and Gas Energy Industry ] 

explosion if ignited. In assessing the consequences, there 
are two very important questions that must be addressed:

What is the range in size of the events that can occur?
 What is the impact of the event? 

In assessing the impact, one would normally take into 
account the radiant heat, blast overpressure and/or toxic 
effects on any occupied buildings, evacuation routes, 
escape equipment and process equipment that could 
be involved in escalation. Toxic effects may include the 
products of combustion from fires such as smoke, carbon 
monoxide or hydrogen sulfide contained in the material. 

In performing any consequence analysis, analytical 
tools can be very useful in determining the consequences 
of a scenario. In most cases, each scenario will have a 
variety of conditions that need to be evaluated in the con-
sequence analysis. This includes factors such as the size 
of the release, orientation of the release, temperature and 
pressure of the operation, and weather conditions (that 
will all vary). The impact of these variables on the results 
and the behavior of the release must be taken into consid-
eration during the modeling. 

A question that often arises during the consequence 
analysis is how sophisticated the program needs to be. 
Programs range from spreadsheets that use simple equa-
tions to computational fluid dynamics (CFD) modeling 
that can take days for a single scenario evaluation. The 
answer is that it depends on the complexity of the design, 
the time the analysis is being performed and the desired 
results. In the conceptual stage, simple models can be 
used, but as the design details increase, the complexity of 
the consequence analysis frequently also increases. 

LIKELIHOOD DETERMINATION

If the installed fire protection would be based on only 
the consequence analysis, then the energy-production 
industry would be very well protected. In reality, though, 
the likelihood of the consequences must be taken into 
consideration. In determining the likelihood of the conse-
quences, certain key information is required, such as the 
frequency of the initiating event, frequency of ignition, 
probability of escalation, likelihood that the weather will 
be favorable or not and other factors specific to the given 
scenario. In any likelihood determination, there are gen-
erally a large number of scenarios to be analyzed. This 
means that computer models may have to be used to en-
sure that the iterative process of evaluating each variable 
of each scenario is performed.

The experience level of the analyst is very important. 
The analyst will make many decisions in the analysis 
that can influence the outcome. In determining the likeli-
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Figure 2. Risk Assessment Process



Works on existing wire

Addressable devices and TrueAlert® 
notifi cation for total addressability 

Backward compatible with 
earlier generations to protect 
your investment

Addressable VESDA air sampling system

.08-second alarm response far 
exceeds the NFPA® requirements 

Simplifi ed T-Tap wiring saves 
on installation costs

Master annunciation, control 
and information sharing without 
centralized processing

Advanced token ring network 

True interactive, two-way 
communications between panels

InfoAlarm™ large-screen, 
high-visibility command center

Multiple, redundant voice command 
centers allow any panel in the system to 
be used for command and control

Dual operating software

Advanced TrueAlarm® smoke and gas detection

Updateable programming without 
operational downtime

Advanced, built-in TrueWare® 
diagnostic software

Over 50,000 systems 
installed worldwide

Local Mode option provides continued 
operation even with loss of communication

Built-in Computer Port Protocol

Interfaces readily with most security 
and communications systems

Campus-wide voice announcements 
from a single panel 

Easy, unobtrusive maintenance, 
inspection and compliance testing

UL listed for smoke control 

A fi re alarm system should do more than detect fi res. It should be the focal point of a complete life-safety solution that integrates 

security, communications and other critical applications. The Simplex® 4100U fi re alarm system does. It’s fl exible, expandable, easy to 

use, and prepared for everything. So you’re ready for anything. Learn more at www.simplexgrinnell.com/besafe or 1-800-746-7539. 

Unparalleled system 
survivability

Walk test capability allows one person to 
verify functionality of system components

BACnet® compatible

100% on-site programming 

Storage for thousands of voice messages

Works with TCP/IP

Connects facilities up to 20 
miles apart on a single fi ber

Mass notifi cation ready

Agency listed and approved for 
non-alarm audio applications

Releasing service for water 
and suppression agents

Third-party interfaces

Copper and fi ber wiring

Redundant CPU

“Take control” voice command software

Off-site reporting

SafeLINC™ Internet interface

8-channel digital audio

Multiple language capability

12,000 point Network Display Unit

©2007 SimplexGrinnell LP SimplexGrinnell and Be Safe are trademarks of Tyco
International Services AG or its affiliates or subsidiaries.



30 Fire Protection Engineering w w w . F P E m a g . c o m  Fall  /  2007 

[ Risk Assesment in the Oil and Gas Energy Industry ]

hood, it is very easy for the analyst 
to go to a previous report and select 
a frequency to use in the analysis or 
spend days looking for a value that 
does not exist. The source used and 
assumptions made need to be care-
fully documented. 

RISK

The “risk” is the product of conse-
quence and likelihood of each sce-
nario. The risk for each scenario can 

governmental or company criteria to 
determine if the risk is tolerable. This 
means that the risk is at a level people 
are generally willing to accept. If it is, 
then additional fire protection is not 
required and the level of fire protec-
tion (mitigation) used in the risk calcu-
lation is adequate. 

If the level of risk does not meet the 
“acceptable” risk criteria, then ad-
ditional mitigation may be required. 
The options for reducing the risk are 
selected and the analysis recalculated 

be combined by specific areas or for 
the whole facility to obtain desired 
risk profiles. The risk is calculated us-
ing event and fault trees that take into 
account safety and mitigation systems. 
The main problem associated with any 
risk assessment is the appropriateness 
of the data used in the calculations. 

RISK TOLERANCE

After the risk is calculated, the 
results must be compared to either 



31Fall / 2007     w w w . F P E m a g . c o m  Fire Protection Engineering

to determine the impact on the risk. In some cases, the 
options provide significant risk reduction, whereas oth-
ers have little impact on the risk.

One concept that is being used extensively is as low 
as reasonable practical (ALARP). Figure 3 shows the 
ALARP concept. This concept suggests that, at some 
point, the cost to mitigate a hazard is so high that it is 
no longer practical to implement the option. Cost-benefit 
analysis can be used to determine if ALARP has been 
achieved.

JET FIRE ANALYSIS EXAMPLE

In a jet fire assessment, the two important parameters 
are the flame dimensions and the calculation of the ther-
mal radiation field around the flame. The convective heat 
transfer rate can be very high, leading to rapid failure 
of objects inside the flame envelope. Thermal radiation 
outside the flame envelope can also lead to equipment 
failure. In addition, there is the potential for fatalities 
and to block escape routes over a large fraction of the 
deck of a floating production/storage and offloading 
vessel. Below 37.5 kW/m2, most equipment items, with 
the exception of load-bearing steel plates, will survive, 
while personnel fatalities are credible down to below  
12.5 kW/m2.1

There are many methods available to calculate flame 
lengths and thermal radiation contours for an ignited 
release of gas from a leak on process equipment. Most 
commercial consequence assessment codes, such as 
PHAST,2 can be used to calculate thermal radiation con-
tours for jet fires.

The example considers a release of lift gas, which is 
primarily methane, at 25 MPa and 60°C. The release 
occurs from a riser and is immediately ignited, resulting 
in a jet fire. The windspeed is 5 m/s.

For an assumed 10 kg/s release, the calculated 
hole size is 14.6 mm. Radiation contours calculated 
using PHAST are shown in Figure 4 for 37.5 kW/m2,  
12.5 kW/m2 and 6.3 kW/m2, where:

37.5 kW/m2

The yellow inner contour is typically taken as the criterion 
for immediate fatality. At this level, the pain threshold is 
virtually instantaneous, and probit analysis gives a 50% 
probability of lethality in around 20 seconds. (Probit 
analysis provides a mathematical relationship between 
the magnitude of an effect [e.g., thermal radiation inten-
sity], the duration of exposure and the proportion of an 
exposed population that might be affected by exposure 
to that effect.)

12.5 kW/m2  
The green contour is typically taken as the limiting radia-
tion intensity for escape actions lasting a few seconds 

The ALARP or
tolerability region
(risk is undertaken
only if a benefit
is desired)

Broadly
acceptable
region

Unacceptable
region

Tolerable only
if further risk
reduction is
impractable, or
the cost is not
appropriate to the
benefit gained

Negligible risk

Risk cannot be
justified except in
extraordinary
circumstances

Figure 3. ALARP
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(such as jumping into the sea). At this 
level, the pain threshold is reached in 
around four seconds and probit anal-
ysis predicts 50% lethality in around 
80 seconds. Fifty percent fatalities 
would be expected for personnel in 
the zone between 37.5 kW/m2 and 
12.5 kW/m3.

6.3 kW/m2 
The blue contour is typically taken as 
the limiting radiation intensity for es-
cape actions lasting more than one 
minute. This is equivalent to the expo-

The likelihood of the scenario would 
be calculated based upon the prob-
ability of the release (pipe failure, 
gasket failure, etc.), the probability 
of ignition after the release occurs 
and the probability of blast overpres-
sures being generated. Evaluation of 
the potential for fatalities of person-
nel trapped on escalation of the event 
would be considered as part of the 
risk analysis and would be dependent 
upon where the personnel are when 
the scenario would occur.

There is no discernable effect on 

sure level in for escape actions last-
ing up to one minute for personnel in 
appropriate clothing. Egress routes 
exposed to radiation intensities above 
this level are considered impaired.

Figure 4 shows that there is the po-
tential for immediate fatalities from 
the event. The figure shows that the 
escape routes will be impaired for 
personnel aft of the release. Personnel 
at these locations need to go to alter-
native muster points and may become 
fatalities if the event escalates while 
they are at these alternative locations. 

Poop Deck
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Power

Generation
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Compression

Produced
Water
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Bow
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Water
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Figure 4. Jet Fire Release Example
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the jet fire impacting the accommoda-
tions was estimated. The frequency of 
a leak was calculated as 1.40E-3, a 
probability of ignition of 0.3, weather 
direction toward the building of 15% 
for an overall frequency of 6.3E-5 
events/year or once in 15,873 
years.

Given the consequences of im-
mediate fatalities with 10 personnel 
in the area in the unlikely event the 
fire occurs, the risk for this scenario is  
10 x 6.3E-5 events per year which 
equals 6.3E-4 fatalities/year.

If the company’s risk tolerance cri-
teria is 1.0E-4, then the scenario fails 
this criteria and additional risk reduc-
tion is required.

 
John A. Alderman and William Fink 
are with RRS Engineering.
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the temporary safe refuge (TSR) for 
the release shown. However, if the 
release is directed towards the TSR, 
there will be direct flame impingement 
on the firewall in front of the TSR. An 
“A”-rated firewall will be penetrated 
in around 15 minutes with direct 
impingement of a jet flame. An “H”- 
rated firewall will survive over one 
hour in these conditions.3 Thus the ad-
ditional expense of an “H”-rated fire-
wall is justified for this scenario.

There is also potential for escala-
tion as unprotected process equip-
ment, steel plate and beams will 
rupture or fail in under 10 minutes 
when directly exposed to jet flame. 
When exposed to a radiative flux of  
37.5 kW/m2 process equipment and 
steel beams under load will likely sur-
vive for 60 minutes.3 

Using event trees, the frequency of 
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Implementation of a 
Performance-Based Standard 
for 
   Fire Protection of 

 Nuclear Power Plants
B y  H a ro l d  T.  B a r r e t t ,  P. E . INTRODUCTION

N
uclear energy currently provides approxi-
mately 20% of the electricity consumed in 
the United States. In order to operate a nu-
clear power plant, electric utility companies 
must effectively manage the risk due to fires 

in these generating plants.
Managing fire risk at a nuclear power plant is not simple 

for a variety of reasons. Electric generating plants, by na-
ture, have many fire hazards that must be addressed. Nu-
clear plants have additional challenges unique to nuclear 
power. The plants themselves are complex and the designs 
diverse. Even after the nuclear chain reaction is terminated 
by shutting down the reactor, the radioactive fission prod-
ucts in the nuclear fuel continue to generate decay heat. The 
plants must be designed and operated so that the necessary 
systems will continue to function to remove that decay heat. 

In order to operate the plants efficiently and economi-
cally, most plant functions are designed to be remotely 
controlled from a central control room. This results in a very 
high concentration of control cables (wires) in a relatively 
small area of the plant. When exposed to a fire, these con-





38 Fire Protection Engineering w w w . F P E m a g . c o m  Fall  /  2007 

trol cables can fail, resulting in either 
the loss of a desired function or the 
occurrence of an undesired function. 
Maintaining control of the necessary 
systems needed to both control and 
cool the reactor is a difficult challenge 
during and following a fire. 

NFPA 8051 is a consensus stan-
dard developed to efficiently and ef-
fectively manage fire risk at nuclear 
power plants. The standard provides 
flexibility to a nuclear power plant 
licensee through implementation of a 
mix of both deterministic (rule-based) 
and performance-based methods to 
analyze and manage fires. The Nu-
clear Regulatory Commission has re-
vised federal regulations to allow the 
voluntary adoption of NFPA 805.

BACKGROUND

On March 22, 1975, a fire oc-
curred at the Brown’s Ferry Nuclear 
Power Plant.2 Maintenance workers in 
the cable spreading room were per-
forming a leakage test of repairs to 
electrical penetration seals installed in 
the reactor building wall. The leakage 
test utilized a candle to observe air 
flow through the penetration seal. The 
seal material was polyurethane foam. 

The candle flame ignited the foam, 
causing the fire to grow larger due to 
the air flow through the penetration 
seal leaks. The flame also ignited the 
insulation on the electrical cables that 
ran through the penetrations. The fire 
caused extensive damage to the elec-
trical cables in the cable spreading 
room and the reactor building. 

Fire damage to cables caused the 
functional loss of much of the equip-
ment normally used to shut down the 
reactor and almost all of the equip-
ment used to mitigate accidents. In ad-
dition, the fire caused de-energized 
wires to come into contact with other 
energized wires, resulting in numer-
ous actuations of equipment that were 
not required or desired. 

The investigation into this event 
identified deficiencies in both plant de-

sign and event mitigation procedures. 
Also, fire protection programs (FPPs) 
of that vintage did not adequately ad-
dress maintaining safe shut down abil-
ity following a fire. In the later 1970s, 
the Nuclear Regulatory Commission 
(NRC) developed improved guidelines 
for FPPs to address the deficiencies 
identified at Brown’s Ferry. The guide-
lines were published as a generic tech-
nical position in the Standard Review 
Plan – NUREG 0800,3 Branch Techni-
cal Position (BTP) 9.5-14,4 and the as-
sociated Appendix A. 

In 1981, the NRC developed 
guidelines for addressing the impact 
fires can have on the ability to safely 
shut-down nuclear plants. These guide-
lines were made a requirement for 
all nuclear plants already operating 
through the publication of regulation 
10CFR50.485 and the technical re-
quirements published in 10CFR50 Ap-
pendix R.6 

For the past 25 years, the nuclear 
industry has struggled with address-
ing nuclear fire risk using prescriptive, 
deterministic regulations. Implement-
ing FPPs in accordance with BTP 9.5-1 
and Appendix R has proven to be both 
expensive and difficult. Appendix R 
has been a particularly challenging 
problem since the current generation 
of nuclear power plants was not origi-
nally designed to address the neces-
sary separation and compartmental-
ization to meet the rule. Plants had to 
be modified to meet the Appendix R 
requirements. Due to the inflexibility 
of the Appendix R rule, approximately 
900 exemptions were granted on a 
case-by-case basis.

Implementation of a performance-
based, risk-Informed (PB/RI) fire pro-
tection program will allow nuclear 
plant licensees to quantify their fire 
risk, allowing them to focus on imple-
menting measures that have the high-
est impact on nuclear safety while ef-
ficiently and economically managing 
that risk. 
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THE NFPA 805 STANDARD

NFPA 805 has been written to provide an effective method 
to transition from the existing, deterministic, FPP licensing basis 
to a performance-based, risk-informed (PB/RI) licensing basis. 
During the transition to NFPA 805, the licensee is required to 
perform a comparison of their existing FPP against the criteria 
of NFPA 805. When the comparison determines that the FPP 
does not fully meet the NFPA 805 requirements, the licensee 
is allowed to perform a performance-based assessment, using 
the goals, objectives and performance criteria provided in the 
standard. If the performance-based assessment determines 
that the goals, objectives and performance criteria can all be 
met, the condition will be allowed without further modifica-
tions or changes.

The regulatory framework used to implement NFPA 805 
is voluntary; licensees are not required to implement the new 
standard. However, the industry and the NRC have worked 
hard to make the transition to a PB/RI FPP in accordance with 
NFPA 805 the best overall solution to address fire protection 
for commercial nuclear power plants. In order to encourage 
nuclear plant licensees to adopt NFPA 805, the NRC has 
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authorized enforcement discretion during the transition 
period. This means that problems that are identified will 
not be considered violations, provided that they meet cer-
tain criteria and that they will be corrected as part of the 
transition. This serves to encourage licensees to identify 
and correct items of nonconformance as part of the NFPA 
805 transition.

NFPA 805 contains the following major sections:
Chapter 1  Introduction
Chapter 2 Methodology
Chapter 3 Fundamental Fire Protection Program  

  and Design Elements
Chapter 4 Determination of Fire Protection 
  Systems  and Features
Chapter 5 Fire Protection During Decommissioning  

  and Permanent Shutdown
Chapter 6 Referenced Publications
Annex  A Explanatory Material

NFPA 805 also contains some new requirements that 
have not previously existed in NRC regulations. Fire 

risk must be controlled so that “adequate 
assurance” is provided that the fuel is 
maintained in a safe, stable condition 
in “any operational mode.” In addition, 
radioactive releases must be managed 
such that releases to unrestricted areas 
must be maintained as low as reasonably 
achievable (ALARA) and below 10CFR20 
limits.8

There are several new processes being 
implemented as part of the NFPA 805 
transition. The PB/RI methodologies avail-
able under NFPA 805 necessitate the de-
velopment and use of a state-of-the-art fire 
probabilistic risk assessment (PRA). The 
fire PRA is used in conjunction with the 
change evaluation process. This new pro-
cess is very similar to the 10CFR50.599 self-
approved change process for licensee-im-
plemented changes. Change evaluations 
can be used to self-approve exemptions/
deviations to the post-fire safe shutdown 
requirements. They can also be used to 
document and justify performance-based, 
risk-informed license amendment requests 
to the NRC on fire protection program 
fundamental program and design ele-
ments. A new feature being implemented 
as part of the change evaluation process 
is the requirement to consider fire risk, 
defense-in-depth and safety margins in 
each change evaluation.
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IMPLEMENTATION GUIDANCE

The nuclear industry has invested significant resources in 
developing guidance documents to be used to implement 
NFPA 805 transition. Nuclear Energy Institute (NEI) document 
NEI 04-027 has been developed to provide the information 
necessary to perform the transition process. 

Transition using NEI 04-02 as guidance is broken down 
into three phases: 
1.Preliminary assessment (initial cost benefit analysis, pre-
liminary assessments, and submittal of the letter of  intent to 
the NRC).
2.Analyses  and l icense amendment  reques t  ( LAR)  
(engineering analyses, including the fire PRA, change eval-
uations, non-power operations review and radio active 
release review up to and including submittal of the LAR to 
the NRC).
3.Transition completion (completion of program implementa-
tion).
 Figure 2 provides a graphical presentation of the phases  
of transition.

The major bulk of the effort to transition to NFPA 805 is spent in 
Phase 2 performing the many engineering analyses. Figure 3 is a 
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Figure 1. NFPA 805 Methodology7
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simplified diagram of the transition process.
These analyses begin with the transition of the exist-

ing FPP attributes to the NFPA 805 criteria. This process 
is called “mapping” the existing attributes over to the 
new criteria. Mapping is most effectively documented 
in a table format. NEI 04-02 provides guideline tables 
to perform this part of the transition. The purpose of this 
mapping is to determine the existing state of compliance 
to the new NFPA 805 requirements. 

When an FPP attribute falls short of the NFPA 805 
requirement, the situation would be evaluated using a 
change evaluation. Based on the results of the change 
evaluation, if the risk of the situation is acceptably low, 
a licensee has the choice of justifying the deviation us-
ing PB/RI methods. If the risk is not acceptably low, the 
licensee has the choice of modifying the necessary sys-
tems, structures or components to comply with the NFPA 
805 requirement or requesting relief from the NFPA 805 
requirement from the NRC.

NEI 04-02 provides detailed guidance in how to per-
form and adequately document these change evalua-
tions. Appendices I and J provide detailed checklists to 
be used to perform successive screening evaluations to 
determine what level of review (skill sets as well as actual 
personnel) is required to verify adequacy. Appendix D 
provides detailed guidance on how to perform and ad-
equately document fire modeling when used as part of the  
NFPA 805 transition process.

NEI 04-02 also provides detailed guidance to de-
velop all the required licensing documentation, including 
templates for all submittals such as the letter of intent, the 
transition report and the license amendment request.
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Figure 2. Phases in NFPA 805 Transition7

Reprinted with permission from NEI 04-02, “Guidance for Implemeting a Risk-Informed Performance- 
Based Fire Protection Program Under Revision1.” 10CFR50.48. ©Copyright Nuclear Energy Institute.
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[ Performance-Based Standard for Fire Protection for Nuclear Power Plant ]

Since NFPA 805 is a PB/RI standard, a significant effort 
is being expended in developing a risk analysis for fires. A 
joint effort between industry experts and NRC researchers 
has resulted in guidance for the development of the fire PRA to 
support transition. A joint EPRI/NRC research document, EPRI 
1008239/NRC-RES NUREG/CR 6850,10 was developed to 
provide the detailed guidance necessary to develop a state-of-
the-art fire PRA in support of NFPA 805 transition. This guid-
ance is currently being used to develop fire PRAs at all plants 
performing a transition to NFPA 805.

PILOT PROCESS

Since transition to NFPA 805 has never been attempted, 
the participants in the transition process are implementing a 
pilot process. The purpose of the pilot process is three-fold: to 
prove the concept of the standard, to work out the details of 
how a licensee would go about performing the transition to 
NFPA 805, and to communicate the various lessons learned 
from the pilot process to the rest of the nuclear industry. The pi-
lot process is also used to develop guidance for both the NRC 
technical review team and the regional inspectors monitoring 
and approving the transition.

Two nuclear sites have been designated pilot sites: Duke 
Energy’s three-unit Oconee Nuclear Station in South Carolina 

and Progress Energy’s single-unit Shearon Harris Nuclear 
Plant in North Carolina. (The transition process at both 
pilot facilities is currently in progress. Transition activities 
began in the summer of 2005, and both pilot sites antici-
pate submittal of the LAR in summer 2008.)

The pilot plant licensees have hosted numerous NRC 
pilot observation visits on approximately a quarterly 
basis. Each of these meetings have involved sharing of 
information from the pilot teams’ progress, working with 
regulators to both familiarize and work out the details of 
the transition, and itemizing action items identified during 
the pilot process. At that time, it is expected that the pilot 
plants will submit their transition reports as well as their 
license amendment requests to officially transition to an 
NFPA 805-based FPP. Upon receipt of the analyses and 
license amendment requests, NRC staff will continue the 
pilot process through the utilization of newly developed 
standard review plan (SRP) guidance and subsequent 
approval of the LAR. The pilot process also includes de-
velopment and piloting of the NRC inspection guidance 
on the pilot sites.

To date, a total of 42 nuclear power plants (4 pilots 
and 38 additional) have volunteered to transition to NFPA 
805. These additional licensees are using the information 
gained from the pilot process to perform the transition to 
NFPA 805 also. A staggered schedule is being utilized 
with submittal of analyses and license amendment requests 
ranging from mid-2008 to approximately 2016.

Harold T. Barrett is with the U.S. Nuclear Regulatory Com-
mission. The views presented do not represent an official 
staff position of the Nuclear Regulatory Commission.
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A 
major change is happen-

ing throughout the building 

design and construction in-

dustry. A shift toward bet-

ter stewardship of natural 

resources and the integration of sustainable 

design principles into the built environment 

is happening very rapidly. In the last four to 

five years “green building” design principles 

have become a part of building design and 

construction.
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This article provides a broad-rang-
ing discussion on how integration 
of “green,” or sustainable, building 
design elements are often included 
into today’s building design and con-
struction projects, while at the same 
time recognizing the need for design 
teams to comply with building code 
and fire/life safety requirements.

Fire protection engineering may not 
be typically considered during a green 
building design process. However, 
there are several ways that a green 
building design may affect related fire 
protection systems or fire/life safety 
code requirements. Several examples 
include fire department access, issues 
associated with using reclaimed wa-
ter to supply fire suppression systems, 
and the use of atria to provide natu-
ral light. Underfloor air-distribution 
systems also are employed in many 
sustainable design projects and of-
ten present building code compliance 
challenges. Additionally, there are as-
pects of fire protection engineering 
that may be utilized in an integrated 
green building approach to support 
sustainable design. Designing low-
water (water mist or fog systems) or 
no-water consumption (dry chemical 
or clean agent) fire-suppression sys-
tems may be applicable in some de-
sign situations. Performance-based 
design approaches may also be used 
as a method to meet the intent of 
the applicable codes when unique 
green building design methods are 
employed.

 Some of the questions to be ad-
dressed in this article are:
1. Which fire/life safety building 
code requirements most often come 
into conflict with application of inno-
vative green building design elements 
and why?
2. How can a design team address 
these building fire/life safety con-
cerns and satisfy local building and 
fire authorities while incorporating the 
desired sustainable design elements 
into the project?

[ Fire Production/Life Safety in a Sustainable Design World ]
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PRESCRIPTIVE CODE  
COMPLIANCE PROCESS

Designers, builders, and other 
stakeholders and practitioners in the 
built environment face the challenge 
of providing sustainable design ele-
ments while at the same time meet-
ing model building and fire code 
requirements. 

 Sustainable design building 
elements, materials or methods of 
construction may face questions and 
concerns from local building and 
fire authorities during the permit 
process. Design teams often must 
demonstrate to local authorities how 
these innovative sustainable design 
elements comply with the prescribed 
code requirements or comply with 
the intent of the code provisions.

At this point in the project develop-
ment, designers are often confronted 
with the challenge of answering the 
following questions:
1. What sustainable design elements 
can be shown to be in strict compli-
ance with the prescribed code provi-
sions? 
2. Which sustainable design ele-
ments may not meet the prescribed 
code provisions and will need to be 
demonstrated to be equivalent?

The key for the design team at 
this point is to recognize that all con-
struction projects need to satisfy the 
building and fire code provisions. It 

is also key to understand that innova-
tive approaches to building design 
elements need to be identified early 
in the project design. Creative, inte-
grated prescriptive code compliance 
can be part of a sustainable design 
project as long as the design team be-
gins to discuss these code compliance 
issues early in the design process.

This prescriptive code compli-
ance design process requires an inte-
grated, collaborative effort of all proj-
ect design team members including 
the owner, the architect, Mechanical, 
Electrical and Plumbing Designers, 
the structural engineer, the fire protec-
tion engineer, the interior designer, 
the civil engineer and the landscape 
architect.

INTEGRATED DESIGN/CODE 
COMPLILANCE PROCESS

Unlike traditional design projects 

[

[
The key for the 

design team is to 
recognize that 
all construction 
projects need to 

satisfy the building 
and fire code 
provisions.

where each design team member of-
ten works independently to address 
their area of design responsibility, 
an integrated design process relies 
on combining the team member 
strengths to collaborate early in the 
design process to address the sustain-
able design elements on items such 
as water usage, energy usage, oc-
cupant comfort, public safety/health, 
and environmental impact. The intent 
is to answer how each of these el-
ements can be incorporated into a 
comprehensive design solution for 
the building that meets the prescribed 
code requirements or can be shown 
to meet the intent of the code.

When the prescriptive code ap-
proach cannot handle a new/in-
novative design element, a perfor-
mance-based design approach may 
be needed for certain sustainable 
design elements of the project. The 
performance-based design approach 
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[ Fire Production/Life Safety in a Sustainable Design World ]

builds upon the integrated design 
process to show local authorities and 
other stakeholders that the design ele-
ment complies with the intent of the 
code provisions, fulfills its intended 
purpose, and is shown to be at least 
equivalent in quality, strength, fire re-
sistance and safety.

Therefore, the performance-based 
design approach again requires the 
“blending” of design team disciplines. 
This integrated design process is criti-
cal for sustainable design projects and 
is often conducted in periodic “design 
charrete” meetings among the team 
members. In a design charrete, the 
collective expertise of the project team 
is brought together to identify areas of 
overlap and synergy among the vari-
ous design disciplines to develop solu-
tions to building efficiencies, including 
water usage, energy usage, occupant 
comfort, day lighting and environmen-
tal impact.

Each of these elements can have 
practical impacts on meeting code 
requirements to “bridge the gap” be-
tween the implementation of sustain-
able design elements and building/
fire code requirements, code intent 
and fire-fighting tactics. Building of-
ficial approval of these innovative ma-
terials, systems and assemblies that 
are often a part of “building green” 
is a critical part of the design process 
that is often overlooked. 

The team needs to demonstrate 
that the proposed alternate approach 
meets the intent of the code by way 
of:
1. Supporting evidence of proposed 
design, method and/or materials.
2. Supporting data such as test reports 
to substantiate design alternate.
3. Address code basis of safeguarding 
public health and general welfare.

FIRE-SUPPRESSION SYSTEMS

Rainwater cisterns and reclaimed 
water are being used to supply not 
only irrigation systems, but also fire-
sprinkler systems. Industrial sites often 
have nonpotable water supplies con-
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tributing to a fire-water supply system, 
but for the most part, residential and 
commercial urban developments have 
potable fire-water supplies. When re-
claimed water interfaces with potable 
systems and is proposed as part of 
a fire-water supply system, backflow 
requirements need to be reviewed 
carefully. In addition, there may be 
sprinkler pipe drop requirements that 
need to be taken into account to pro-
tect sprinkler systems against sediment 
buildup in their pipes. 

Finally, the pipe-corrosion potential 
needs to be evaluated. Microbiologi-
cally influenced corrosion (MIC) may 
be an issue with the use of reclaimed 
water supplies. Where present, MIC 
can reduce a sprinkler pipe’s life and 
require chemical treatment to reme-
diate. It may not make sense to use 
reclaimed water as part of a fire-sup-
pression system if chemicals must be 
added to the system or if a premature 
failure of the sprinkler system could 
occur because of poor water quality.

Water-mist systems have been used 
in green building designs as an el-
ement of fire suppression. In some 
cases, water-mist use is not the result 
of a desire to conserve water but of 
working with the available water sup-
ply, especially in adaptive-reuse build-
ings. 

Water mist can be used to deal 
with issues associated with an avail-
able water supply’s inabil i ty to 
support pressure and flow for new 
sprinkler systems. For example, an 
old high-rise warehouse was con-
verted to mixed-use occupancy with 
residential and commercial compo-
nents. Because parking was needed 
in the building, the owner proposed a 
multiple-level car-stacker system. The 
fire department indicated that a car 
stacker in the proposed configuration 
constituted “high-hazard occupancy.” 
The available water supply could sup-
port a sprinkler system for the residen-
tial and commercial spaces, but there 
was insufficient flow and pressure for 
protection of a car-stacker system. 
As a result, a water-mist system was 

proposed for the stacker enclosure. 
This was accepted by the Authority 
Having Jurisdiction (AHJ) based on 
design and testing data provided by 
the equipment manufacturer. 

NATURAL LIGHTING 

A popular approach in sustain-
able design is the integration of 
natural light. Natural light may 
be brought to a building’s interior 
through the use of skylights, light 
wells and atria. One common exte-
rior application is a light court. These 
design elements may impose build-
ing, fire and life safety code issues  
if not coordinated with fire protection 
engineers during the early stages  
of design. 

In building construction, a roof 
may be required to have a fire-resis-
tance rating. If skylights are used in 
a roof’s design, there may be build-
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ing code requirements for the skylights 
to be protected or limited in size to 
maintain the fire-resistance rating of 
the roof assembly. 

Light wells have unique building 
code requirements. A light well is a 
shaft located in an interior area of 
a building. Windows located in this 
shaft allow light to filter from the roof 
level to interior areas. A light well can 
be used to bring natural light through 
a building to lower levels. Even though 
a light well is typically surrounded by 
one building, codes may require that 
an assumed property line be created 
and that window-opening protection 
be provided, depending on building 
type, occupancy classification and 
separation distance (i.e., light well 
size). 

The size and location of a light well 
can have significant code implica-
tions. In situations in which a build-
ing is located in close proximity to 
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its property line and natural light is 
brought in from exterior light courts, 
building codes require the light courts 
to have specific dimensions, depend-
ing on the building’s height and con-
figuration. The size of light courts and 
the size, location and protection of 
window openings must be considered 
early in a design process. 

BUILDING AIR-HANDLING 
SYSTEMS

Underfloor air-distribution (UFAD) 
systems have become a common ele-
ment in green building design. The 
concept is to use the area under a 
floor as a plenum space for supply  
air-distribution and the space above a 
ceiling as the return plenum in a non-
combustible building. Several code is-
sues may need to be addressed when 
a UFAD system is proposed. The area 

under a floor often is used for power 
and data cable distribution. 

In a plenum space, a power cable 
needs to conform to electrical code 
requirements and must be installed 
within an electrical conduit/raceway 
enclosure, while a data cable that is 
not installed in conduit/raceway must 
be plenum-rated and also needs to 
comply with electrical code require-
ments. There can be issues regarding 
connections between power and data 
cables which are under and above a 
floor. 

As a result, some jurisdictions re-
quire smoke detection beneath floors 
that contain power circuits or data 
cable. When smoke detectors are in-
stalled below floors, they need to be 
accessible for periodic maintenance 
and testing to comply with fire alarm 
code requirements. This in turn can be 
disruptive to building operations and 

[
[

In green buildings, 
atria are a 

common method 
of allowing natural 

light and air 
distribution, 
sometimes in 

conjunction with 
natural ventilation-

to assist the 
air-distribution 

system in overcom-
ing stack effect. 
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daily functions of occupants when ac-
cess to below-floor spaces is routinely 
needed in their workstations. 

Some jurisdictions see this plenum 
space as being similar to a computer 
room’s raised floor, which may require 
fire suppression, particularly when 
it is viewed as a space where data 
cable (not installed in conduit) can 
accumulate over the lifespan of the 
facility and may lead to an increased 
fire hazard. This yields problems for 
underfloor duct installations and fire 
stops under floors, which further dis-
rupt airflow. 

Some mechanical inspectors have 
fought the use of UFAD systems, view-
ing them as a possible violation of me-
chanical code restrictions against un-
ducted heating air-distribution under 
floors. Regardless, when proposed, 
such systems need to be cleared with 
code authorities. If a system is al-
lowed, any necessary special require-
ments must be established.

ATRIA

In green buildings, atria are a com-
mon method of allowing natural light 
and  air-distribution, sometimes in 
conjunction with natural ventilation, 
to assist the  air-distribution system in 
overcoming stack effect. Smoke-con-
trol is often required when an atrium 
is planned. Also, atria generally are 
required to be served by sprinkler sys-
tems that are separate from the remain-
der of the floors. Other fire-protection 
issues, such as an atrium’s size and 
arrangement, including the location of 
walking surfaces and exit paths, need 
to be discussed early in a design pro-
cess. These issues, in conjunction with 
design fire size, will affect a smoke- 
control ventilation system. 

Supply and exhaust air require-
ments also need to be established. 
These determine the amount of equip-
ment required and the size of the air 
shaft(s) serving a space. Supply air 
velocity is important in smoke-control 
systems, and it affects grille sizing 
and location. These issues are better 

determined early in a design process 
for space requirements and power 
consumption (normal and emergency) 
to be established for smoke-control 
system equipment.

Natural ventilation is sometimes 
used to supplement or provide supply 
air to an atrium, both normally and 
in smoke-control mode. In the event 
natural ventilation is used, the wind 
effect may need to be addressed, pos-
sibly by modeling, in the design of a 
smoke-control system. In some cases, 
natural ventilation and the stack effect 
may be suitable to ventilate an atrium 
normally and during a fire.

Natural ventilation designs require 
a performance-based design ap-
proach. In this approach, it is likely 
that fire and smoke computer mod-
eling would be performed to prove 
the adequacy of an atrium’s ventila-
tion for a variety of fire scenarios. 
Mechanical exhaust capacity also 
can be modeled in an attempt to re-

Peter Harrod, P.E.
Started as a project engineer with 
RJA/Boston after receiving his MS 
degree in Fire Protection Engineering 
from Worcester Polytechnic Institute. 
Became a senior consultant as the 
result of his work in providing 
integrated fi re protection solutions 
for leading universities such as MIT, 
Harvard,  and Boston College. Now 
works with RJA’s most important 
clients as a regional business 
development manager.  Great 
performance,  fast promotion.

Fast
 Tracker

We have great career opportunities for fi re protection consultants in RJA offi  ces 
from San Francisco to Shanghai. Find out how you can put your engineering 
talent to the ultimate test. Contact Sara Radabaugh at (312) 879-7220.

rjainc.com 

duce the required exhaust quantity. 
Regardless, the general concept and 
approach to dealing with an atrium 
needs to be established early in a 
project and discussed with all of the 
stakeholders, including the Authority 
Having Jurisdiction.

Ronald J. Mahlman, P.E., is with Rolf 
Jensen & Associates.



In 1899, six-and-a-half pages of association minutes were 
devoted to discussing heat detector spacing versus sprinkler 
spacing and the fact both had something called “sensitivity” 
related to velocity, not just temperature. They discussed the 
fact that two devices that operate at the same temperature in a 
slowly heated liquid bath will operate at different times when 
subjected to flowing fire gases. The requirement for actually 
measuring and labeling heat detectors with this sensitivity 
number (RTI) finally will become effective in July 2008, 109 
years later. 

During the 1899 association meeting, representatives from 
New York, Philadelphia, Chicago and Boston argued that they 
should be allowed to have different rules: 

“Mr. Wilmerding: In Philadelphia we have not found such 
spacing necessary, and I agree with Mr. Hexamer it largely 
depends upon the thermostat. If, in New England the thermo-
stats require such a spacing, would it not be well for them to 
adopt such a spacing, but not ask us and New York City to 
adopt it.”5 
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I
t all seems to have started with the General Rules 
and Requirements for the Installation of Wiring and 
Apparatus for Automatic Fire Alarms, Hatch Clos-
ers, Sprinkler Alarms, and Other Automatic Alarm 
Systems and Their Manual Auxiliaries2 published 

in 1899. That document had nine, 5” by 8” (130 mm 
by 200 mm) pages that included requirements for what 
are now called the protected premises and the supervis-
ing station. Those pages also included requirements for 
all inside and outside wiring. The 2007 edition of the 
National Fire Alarm Code® now has 272 8.5” by 
11” (220 by 280 mm) pages, not including the text in 
NFPA 12213 and NEC 760,4 which also had historical 
origins in the 1899 document.

In fact, it’s not just a fire alarm code. The National 
Fire Alarm Code has evolved since its roots back 
in the late 1800s and early 1900s. The 20071 
edition has branched out to address risks and 
solutions for more than just fire. This article takes 
a look at that evolution. The next article in this 
series discusses how the evolution might continue 
in the next ten years. 

 It’s Not Your 
Father’s Fire 
  Alarm Code 
Anymore
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To accommodate the issue raised 
by Mr. Wilmerding, the code has 
evolved to require different spacing for 
different detector sensitivities. Back in 
1899, thermostat spacing was based 
on the need to operate before a sprin-
kler. This was because that was how 
an alarm was transmitted to the near-
est fire house. In cases where there 
was an alarm valve on the sprinkler 
system, close spacing of the heat de-
tectors was not required. 

In the current Fire Alarm Code, the 
listing test for heat detectors deter-
mines the spacing that will result in the 
particular model of heat detector oper-
ating before a standard temperature 
sprinkler operates when exposed to 
one specific flammable liquid fire and 
when both are installed on a 14’-9” 
(4.5 m) high ceiling. Is that test still 
relevant? Not really. However, it does 
provide one prescriptive solution for 
the spacing of detectors with different 
sensitivity ratings. 

PRITCHETT’S ELECTRIC FIRE ALARM

It was not uncommon in the early 
20th century to have initiating de-
vices (thermostats, sprinkler waterflow 
switches and manual boxes) connected 
to a circuit that directly controlled bells 
connected in the fire house. There was 
one bell for each property. In another 
configuration, an automatic coded 
telegraph transmitter might be used 
on a city or privately owned telegraph 
circuit. 

In 1911, the requirements for mu-
nicipal alarm systems (transmission 
method and supervising station) were 
split off from the fire alarm document. 
Over the years, fire alarm systems 
evolved into several configurations:

 only sound an alarm in a building  
 (protected premises fire alarm  
 system);

 
 fire stations or dispatchers (remote  
 supervising station fire alarm  
 systems);

 ters on a common signaling line  

 circuit owned and originated at  
 a municipal fire or emergency  
 dispatch center (auxiliary fire  
 alarm systems);

 monitoring equipment, often using  
 coded transmitters right in the  
 initiating devices themselves  
 (central station service); and

 monitoring equipment all owned by  
 the same person or entity, using ei 
 ther coded transmitters located in  
 the initiating devices themselves or  
 a direct switched connection (pro- 
 prietary protective signaling system).
 

Except for power supplies, initiating 
devices and notification appliances 
at the protected premises, the systems 
were generally quite a bit different – 
mostly in the amount and resolution of 
information, the manner in which that 
information was conveyed, and in 
the ownership of the transmission me-
dium and the supervising station itself.  
So, it became expedient to have 
separate standards for each system  
configuration. 

There was enough redundancy that 
it made sense to treat the protected 
premises virtually the same, regard-
less of if or how signals might be sent 
elsewhere. Off-premises signaling 
systems, composed of a transmission 
method and a supervising station 
facility, could be treated separately 
from the protected premises system.  
Thus, the NFPA 72® alphabet series 
was born – NFPA 72 A – E, plus NFPA 
71.6 

As technology advanced, the sys-
tems within buildings all started to 
have an additional common element 
– a control panel. Earlier, many sys-
tems had components at the protected 
premises that were on circuits powered 
and controlled by the off-site supervis-
ing station. In order to provide local 
alarms and control as well as the off-
premises transmission, systems started 
using control panels. Manufacturers 
and consumers wanted some common-
ality in these controls, regardless of if, 
how or to whom alarms and other sig-
nals might be transmitted. Therefore, 
one model of panel would be manu-
factured with modules or features that 
allowed it to work with all or most of 
the available types of supervising sta-
tion equipment.

Until the early 1960s, most fire 
alarm development was the result of 
commercial and insurance interests. 
Few homes had fire detection and 
alarm systems. In the 1960s, NFPA 
produced a manual on home alarm 
systems which later evolved into a 
standard, NFPA 74, separate from the 
other fire alarm standards.7   

The period 1975 to 1985 was one 
of tremendous growth and develop-
ment for the fire alarm industry and 
for the related standards. In 1975, it 
was realized that the basic standards 
for protected premises were not ad-
equate for high-rise buildings. It took 
10 years to develop NFPA 72 F8 to ad-
dress the needs of high-rise occupan-
cies. Similarly, in 1976 a subcommit-
tee was formed to develop guidelines 
for occupant notification. That became  
NFPA  72 G.9 Again, the process took 
almost 10 years. Both documents were 
first approved during the 1984 NFPA 

[
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Fall Meeting. About the same time, 
testing methods and frequencies were 
compiled into NFPA 72 H;10 these were 
approved during the 1983 fall meet-
ing. Another significant major change 
came in 1984, as performance-based 
fire detection was added as Appen-
dix C to NFPA 72 E. 

Each of the different standards and 
guides continued to evolve. However, 
with so many different standards and 
guides, their use and enforcement 
were often confusing and difficult. 
Samuel Johnson is often quoted as 
having said, “The next best thing to 
knowing something is knowing where 
to find it.”11 So, to improve usability 
and correlation, all fire-detection and 
alarm signaling-system standards 
were reconsolidated in the late 1980s 
and early 1990s. That partial consoli-
dation resulted in NFPA 72 A through 
D being combined into NFPA 72 (no 
letter) in 1990 with a new name: 
NFPA 72, Standard for the Installa-
tion, Maintenance, and Use of Protec-
tive Signaling Systems.  

In 1993, further consolidation took 
place. NFPA 72 H, which had been a 
guide for system testing, was incorpo-
rated into the code and revised and 
expanded. That resulted in the first 
comprehensive set of requirements 
for the inspection, testing and main-
tenance (ITM) of fire alarm systems. 
Given the number of changes since 
then, it’s obvious that not everyone 
has agreed with the testing frequen-
cies or the methods. However, most 
users agree that the chapter has made 
the enforcement of ITM easier and has 
resulted in improved maintenance, re-
duced false and nuisance alarms and 
an overall improvement in reliability.

In addition to adding NFPA 72 H, 
the 1993 edition of NFPA 72 also 
incorporated NFPA 71, NFPA 72 E 
and G, and NFPA 74. The final re-
combination of those standards and 
guides in 1993 also brought about 
another name change: NFPA 72®,  
The National Fire Alarm Code®.

Since the recombination, the code 
committees and the general public 

have been focused on the evolution of 
the fire alarm code. With everything 
in one place, it is easier to focus core 
requirements and easier to see gaps 
in requirements. The chapters on ini-
tiating devices (formerly 72E) and no-
tification appliances (formerly 72G) 
have expanded and incorporated 
many performance-based options, 
providing designers with flexibility to 
meet protection goals.

A lot has changed since 1899 – 
not just fire alarm systems and stan-
dards. The world has changed, and 
the risks have changed. Signaling 
systems have design and installation 
costs and recurring lifecycle costs. In 
the case of fire alarm systems, they of-
ten are installed right along with other 
systems that have parallel purposes: 
security systems, energy management 
systems, paging systems, telephone 
systems, computer networks, cable 
television distribution, etc. Some  
efforts have been made to design and 
install combination systems to reduce 
overall cost – fire alarm and energy 
management or fire alarm and secu-
rity, for example. However, the over-
all system complexity and the use of 
propworks have limited their use. 

The overall direction of the signal-
ing systems industry and market is to-
wards systems that have multiple uses. 
The next article in this series will dis-
cuss some possible future changes to 
the NFPA signaling system standards 

and codes – changes to address risks 
other than just fire, and changes to 
allow and encourage systems to be 
used for purposes other than just fire- 
detection and alarm-signaling. 
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devices from Victaulic: 
innovation setting 
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>>>RESOURCES

7th International Conference on 
Performance-Based Codes and Fire 

Safety Design Methods
Langham Hotel, Auckland, New Zealand, April 16-18, 2008

Since the first conference on performance-based codes and fire safety design methods was held in 1996, 
many countries have developed, or are in the process of developing, performance-based codes and 

design methods. However, use of these approaches has generally been limited to 
high-end projects, and the percentage of projects where performance-based 

design is used varies among countries.

This conference will present the state-of-the-art in perfor-
mance-based code approaches and engineering design methods. Papers 

will be presented on newly emerging technologies, as well as perspectives 
on approaches that have worked well and approaches that have not worked 

as well as originally desired. The conference will be held in New Zealand, which 
was one of the first countries to adopt a purely performance based Building Code.

Over the last twelve years, this conference has earned a reputation among the 
fire protection engineering community as the preeminent event for information on 
the leading-edge technology in the areas of performance-based codes and en-
gineering design methods.

See www.SFPE.org for a complete conference program and hotel and  
registration information.   

 
Registration Fees
Advance registration fees  
(Must be received by March 7, 2008)

 $825 US dollars for SFPE/CIB/SFS Members 

 $950 US dollars for Non-Members Late registration fees (received after  
    March 7, 2008)

 $925 US dollars for SFPE/CIB/SFS Members 

 $1,050 US dollars for Non-Members 

Gala dinner ticket

 1 Gala Dinner ticket included with registration fees 

 Additional Tickets are $100 U.S. Dollars



We protect every building like it’s one of a kind.

A world of support. A lifetime of protection.
No building is more important than your building. That's why when it comes to planning for fire detection
and life safety, building owners, architects and engineers turn to NOTIFIER®. Global reach and local expertise,
combined with our advanced technology and comprehensive line of products, have made us the choice for
buildings large and small all around the world. As industry leaders, NOTIFIER and its network of engineered
systems distributors deliver unparalleled service while continuing to innovate for the future. That means the
NOTIFIER system you specify today will still be protecting you when other systems have become history.

NOTIFIER. Leaders in Life. Safety. Technology.

NOTIFIER    12 Clintonville Road, Northford, CT 06472    800-289-3473    www.notifier.com
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Text

Texas Hold ‘em is a poker game where players receive 
two cards face-down as their hand (“hole cards”) and five 
community cards, which are dealt face-up. The commu-
nity cards are available to all players. A player may use 
any five-card combination from among his or her hand 
and the community cards.

What is the probability of being dealt a pair of aces as 
the player’s hand?

There are 52 cards in a deck, of which four are aces. 
The probability of being dealt one ace as the first hole 
card is 4/52. The probability of being dealt the second 
ace is 3/51. Therefore, the probability of being dealt a 
pair of aces as the hole cards is 12/2652. 

Solution to Last Issue’s Brainteaser

[
P r o b l e m

Christine operates a lemonade stand on a hot summer day.  She has developed 

a unique sales plan for her lemonade: instead of charging a fixed fee, 

customers must pay the amount that is in the cash drawer and then remove 

40 cents.  When the fourth customer shows up, he exclaims that there is not 

any money in the drawer.  How much money was in the drawer when Christine 

opened for business?  What is the minimum amount that Christine must have at the 

beginning so that she will not eventually go broke?
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October 19, 2007
Advanced Research Workshop Fire  
Computer Modeling
Santander, Spain
Info: e-Mail - lazarom@unican.es

February 27-29, 2008
4th International Conference on Pedestrian 
and Evacuation Dynamics
University of Wuppertal, Germany
Info: www.ped2008.com 

March 12-14, 2008
3rd International Symposium of Tunnel 
Safety and Security
Göteborg, Sweeden
Info: sp.se/fire/ISTSS2008

April 16-18, 2008
7th International Conference on 
Performance-Based Codes and Fire Safety 
Design Methods
Auckland, New Zealand
Info: www.sfpe.org

September 21-26, 2008
9th IAFSS Symposium
Karisruhe, Germany
Info: iafss.org/html/events.htm 
 
November 2-3, 2008
2007 International Symposium on Elevator 
Evacuation During High-Rise Fires
Shanghai, China
www.isee-sh.org

May 28-30, 2008
5th International Conference – SiF
Singapore
www.ntu.edu.sg/cee/sif-08/index.html
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VIKING ELECTRONIC SERVICES

“So, we gave them eSP access,” says Lawn. “Now, six 
directors check on the 40 systems, and they do it from 
Pennsylvania, New Jersey, Ohio, and North Carolina.”

Through eSP, responsible parties can access system 
reports, system settings, perform remote programming and 
service, and other essential actions. Using only an Internet 
browser, they can securely work on their systems from any-
where, at any time.

The system access through eSP also saves Lawn’s business 
time and bolsters Affordable Fire Solutions’ reputation, as 
well, says Lawn.

“With eSP access, such customers as Developers 
Diversified Realty see the work that we do for them on their 
systems, and they remain confident that we’re on top of man-
aging and meeting their needs.”

If you’re in the fire alarm business, learn how Viking 
Electronic Services can help you succeed by calling 
800.274.9509, e-mailing info@vikingservnet.com, or visiting 
www.vikingservnet.com.

Viking Electronic Services
A Division of Viking Group
620 Allendale Rd., Suite 175
King of Prussia, PA 19406
800.274.9509
www.vikingservnet.com

Developers Diversified Realty, the Ohio-based realty 
company which owns and manages over 800 retail 
properties in 45 states and Puerto Rico, needed to 

find a way to help emergency systems managers coordinate 
some of their work. Affordable Fire Solutions of Linwood, 
NJ, and Viking Electronic Services had the perfect solution.

Terry Lawn, the alarm sales manager for Affordable Fire 
Solutions, says the easiest way to work with Developers 
Diversified Realty was to give them access to their own 
systems. An authorized dealer for Viking Electronic Services, 
Lawn provided them access to their eLAN Fire Alarm 
Systems through eSP, the online maintenance and reporting 
tool that integrates with the eLAN Fire Alarm Systems.

“We manage over 40 fire alarm systems for them in 
Pennsylvania and New Jersey, and more are added 
or changed over time,” says Lawn. There are multiple 
Authorities Having Jurisdiction, inspection schedules, system 
testing procedures, maintenance requirements, notification 
schedules, and more. 

Access Keeps Business Running Smoothly

1300 E. 9th St. Cleveland, OH 44114        p:  216.931.9241    f:  216.696.7668

www.pentoncustommedia.com
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SIMPLEXGRINNELL

“Today more than ever, access to information via the fire 
alarm system is critical in an emergency, whether it’s a fire 
or other threatening situation,” says John Haynes, director of 
Product Line Marketing at SimplexGrinnell. “That’s why the 
Simplex 4100U InfoAlarm Command Center is such an impor-
tant advancement. In simplest terms, it gives system operators 
and emergency responders more ‘at-a-glance’ information 
about an event, without having to scroll or push buttons. As a 
result, the response can be more rapid and accurate.”

In addition to the extended information display, the 
InfoAlarm Command Center, one of the first products listed to 
meet the new UL 864 fire alarm equipment testing standard, 
gives the Simplex 4100U system added flexibility to meet 
application-specific customer requirements. Key features and 
benefits include:

For more information, visit www.simplexgrinnell.com.

SimplexGrinnell LP
50 Technology Dr.
Westminster, MA 01441-0001
800.746.7539
www.simplexgrinnell.com

InfoAlarm™ Command Center Strengthens 
Response Capability of Simplex® 4100U 
Fire Alarm System

SimplexGrinnell has advanced the capabilities 
of its flagship Simplex 4100U fire alarm sys-
tem with the introduction of the InfoAlarm™ 

Command Center – an expanded large-screen 
panel display and intuitive user interface that can 
help speed the response to emergencies.

Designed to facilitate quick, easy operation 
in emergency situations, the Simplex 4100U 
InfoAlarm Command Center enhances fire and 

life-safety protection by expanding the amount of information 
that can be displayed on the panel. The multiline display and 
the intuitive soft control keys enable system users, mainte-
nance personnel, and first responders to access clear, easy-to-
understand information that can identify the location, nature, 
and severity of an emergency or fire alarm system condition.

Fire protection and command operations can be further sup-
ported by placing remote, compact-sized InfoAlarm command 
centers in building entrances, lobbies, and other key locations.
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Vision Fire & Security  
is Now Xtralis
Vision Fire & Security (VFS) has changed its name to Xtralis. The 
company’s product range encompasses air-sampling smoke detection 
systems (VESDA), video-based security systems and solutions (ADPRO), 
voice alarm systems (MILLBANK), fire control and management solutions 
(PROACTIV) and, through the acquisition of ASIM, security detectors, 
traffic detection, and traffic data acquisition systems. All current offices 
remain with the addition of Switzerland as head office for continental 
Europe.
www.xtralis.com
–Xtralis

Electric Submeters
Offering utility-grade metering accuracy, “Green Class” E-Mon D-Mon 
electric submeters offer a cost-effecitve way to benchmark and monitor 
energy usage trends and estimate CO2 emissions. Green meters are 
also ideal for measuring and verifying the on-going effectiveness of 
LEED, EPACT, renewable energy, demand-response, and other major 
energy-related initiatives that can positively impact a facility’s bottom 
line, while also increasing environmental awareness within the using 
facility.
www.emon.com
–E-Mon, LLC

Quick Response Sprinklers
Victaulic’s new V2744, K5.6 Quick Response sprinkler line features res-
idential horizontal sidewall and recessed horizontal sidewall sprinklers 
that can be used in room sizes 12x12-ft. up to 16x20-ft. UL-approved, 
the sprinklers offer protection for design systems that require higher 
flow. The operating mechanism is a heat responsive, frangible glass 
bulb designed for prompt, precise operation. The V2744 is also listed 
for use in wet-pipe systems per NFPA 13D and 13R standards, under 
smooth, flat, horizontal ceilings.
www.victualic.com
–Victaulic

Specification Writing Tool
The Intelli-Spec™ fire alarm system specification writing tool, now 
available on CD, enables specifiers to create, edit, and publish com-
prehensive specifications in Construction Specifications Institute (CSI) 
MasterFormat™, output as standard Microsoft or RTF documents. 
Intelli-Spec provides information on Gamewell-FCI’s life safety prod-
ucts, including the new E3 Series™ emergency evacuation system and 
FocalPoint™ fire alarm monitoring workstation. Features include a caf-
eteria-style menu, making it easy to choose the features and hardware 
required for a particular project.
www.gamewell-fci.com
–Gamewell-FCI

1



Keltron Corporation 225 Crescent Street, Waltham, MA 02453    voice 781.894.8710    fax 781.899.9652 

Keltron Solutions
Fit Right In

Universal Compatibility.

If you need to monitor and manage multiple buildings' fire alarm systems
call 800-966-6123 or visit www.keltroncorp.com to learn how Keltron’s
solutions can fit right in for you. 

www.keltroncorp.com
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