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FOREWORD
The Electronic Safety Equipment (ESE) used by emergency responders is required to operate in hostile
environments, and as a result it is generally required to be intrinsically safe for use in combustible and
flammable atmospheres.
Current intrinsic safety requirements (in NFPA 1801, 1981, and 1982) for various emergency responder
electronics are inconsistent and lack a comprehensive technical basis, despite their side-by-side use in the
same hazardous environments. These requirements have evolved by applying fixed location intrinsic
safety ESE-design approaches to portable equipment. The intrinsic safety ESE design problem is twofold:
(i) under-designed ESE may possibly provide an ignition source in combustible and flammable
atmospheres, while (ii) over-designed ESE sacrifice other critical operational features (e.g., power supply
optimization).
Earlier efforts to address this topic have only considered emergency responder ESE independently and not
all the equipment together in the overall ensemble. This project intends to assess the overall ESE package
against the anticipated fire ground hazardous environment, and provide recommendations for optimum
approaches for emergency responder ESE intrinsic safety requirements.
The goal of this project is to use a hazard analysis approach to provide a synergistic evaluation of intrinsic
safety requirements across all emergency responder ESE and anticipated hazard environments, and
ultimately supports scientifically-based recommendations for the optimum ESE intrinsic safety
requirements.
The Fire Protection Research Foundation expresses gratitude to members of the project Technical Panel
for their guidance throughout the project, and all others who contributed to this research effort. Special
thanks are expressed to the National Fire Protection Association (NFPA) for providing the project funding
through the NFPA Annual Code Fund.
The content, opinions and conclusions contained in this report are solely those of the author.
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Background
The electronic safety equipment (ESE) used by emergency responders is required to operate in hostile
environments, and as a result is generally required to be intrinsically safe for use in combustible and flammable
atmospheres. Current intrinsic safety requirements, such as in NFPA 1801, 1981, and 1982 for various emergency
responder electronics, are inconsistent and lack a comprehensive technical basis, despite their side-by-side use in
the same hazardous environments. These requirements have evolved by applying fixed-location intrinsic safety ESEdesign approaches to portable equipment. The intrinsic safety ESE design problem is twofold: (i) under-designed ESE
may possibly provide an ignition source in combustible and flammable atmospheres, while (ii) over-designed ESE
may sacrifice other critical operational features (such as battery life or operating range). Earlier efforts to address
this topic have only considered emergency responder ESE independently and not all the equipment together in the
overall ensemble.
In March, 2013, the Fire Protection Research Foundation established a research project to assess the overall ESE
package against the anticipated fire ground hazardous environment and to provide recommendations for optimum
approaches for emergency responder ESE intrinsic safety requirements. The goal of this project was to use a hazard
analysis approach to provide a synergistic evaluation of intrinsic safety requirements across all emergency responder
ESE and anticipated hazardous environments that ultimately supports scientifically-based recommendations for the
optimum ESE intrinsic safety requirements.
This Final Report summarizes the results of the research project, and is organized to follow the schedule of the
project. Chapter 1 provides an executive summary of the project. Chapter 2 discusses the literature review of
various publications based on their applicability to intrinsic safety, with particular regard to the issues faced by first
responders. Chapter 3 discusses the level of intrinsic safety as defined in current NFPA standards and required for
electronic safety equipment used by the fire service, including the Personal Alert Safety System (PASS) and the
thermal imaging camera (TIC). The chapter also discusses previous efforts by a special Task Group established by the
ESE Technical Committee to define intrinsic safety requirements for the PASS device. Chapter 4 focuses on the
hazardous environments encountered by first responders as identified during the second phase of this project.
Chapter 5 establishes a needs-framework (both existing and anticipated) based on the specific list of hazardous
environments outlined in Chapter 4 and developed during the fourth phase of the project. Chapter 6 discusses the
results of the hazard analysis conducted during the final (fourth) phase of the project. Finally, Chapter 7 provides
conclusions and recommendations derived from this project.
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Chapter 1. Executive Summary
This project was established by the Fire Protection Research Foundation to assess the overall electronic safety
equipment (ESE) package against the anticipated fire ground hazardous environment and to provide
recommendations for optimum approaches for emergency responder ESE intrinsic safety requirements. The goal
was to use a hazard analysis approach to provide a synergistic evaluation of intrinsic safety requirements across all
emergency responder ESE and anticipated hazardous environments that ultimately supports scientifically-based
recommendations for the optimum ESE intrinsic safety requirements. This Final Report summarizes the results of
the research project.
This Report is organized by chapters corresponding to the specific tasks that were defined by the original
solicitation.

A. Literature Review
Chapter 2 discusses the literature review of various publications based on their applicability to intrinsic safety, with
particular regard to the issues faced by First Responders. Approximately 40 separate documents were reviewed,
with the more relevant ones being summarized.
The various hazardous environments encountered by First Responders are classified by NFPA 70 National Electrical
Code; all other standards refer to this document. UL 913, which replaced NFPA 493, defines the requirements for
equipment used in Division 1 Hazardous Locations (the most severe category). In general, the requirements of UL
913 are the most stringent of all the various standards. ISA 12.12.01 (and its companion ISA 12.12.03 for batterypowered devices) defines the requirements for equipment used in Division 2 Hazardous Locations; these
requirements (defined as “nonincendive”) are significantly less restrictive than those in UL 913. Requirements for 30
CFR Mine Safety and Health Administration are generally aimed at Division 1 Hazardous Locations but are loosely
defined compared to UL 913.
Both UL 913 (intrinsic safety) and ISA 12.12.01 (nonincendive) standards seek to prevent explosions in combustible
atmospheres by limiting the temperature of exposed components and limiting the energy of a potential spark. The
methods defined in the standards generally involve limiting the voltages and currents in electronic components (to
limit power dissipation and temperatures) as well as limiting the component values for capacitors and inductors (to
limit stored energy).

B. Current NFPA Requirements for Electronic Safety Equipment
Chapter 3 discusses the level of intrinsic safety as defined in current NFPA standards and required for electronic
safety equipment used by the fire service, including the Personal Alert Safety System (PASS), the SCBA, and the
thermal imaging camera (TIC). The chapter also discusses previous efforts by a special Task Group established by the
ESE Technical Committee to define intrinsic safety requirements for the PASS device. In addition to requirements in
NFPA standards, the chapter also describes the requirements for TIA-4950, the Telecommunications Industry
Association standard on Land Mobile Radios. A key point for this chapter is that the requirements are not consistent
with each other; different standards require certification to different levels of safety (Class, Group, and Division
classifications).
Information provided by the NFPA on approximately 40 explosions that occurred between 1977 and 2009 that
caused line-of-duty deaths (LODDs) indicated that no explosion was directly attributed to equipment carried by
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firefighters. Since the SCBA and PASS devices are certified for intrinsic safety, it would appear that the requirements
of intrinsic safety (using UL 913) have been sufficient to prevent explosions.

C. Hazardous Environments
Chapter 4 focuses on the hazardous environments encountered by first responders as identified during the second
phase of this project. The categories as defined in NFPA 70 provided the framework for defining the hazardous
environments.

D. Framework of ESE Needs
Chapter 5 establishes a needs-framework (both existing and anticipated) based on the specific list of hazardous
environments outlined in Chapter 4 and developed during the fourth phase of the project. The chapter discusses the
various types of electronic safety equipment used by first responders and how they may be affected by the need for
nonincendive or intrinsic safety certification. The focus was on ESE that would be carried into the area often known
as “immediately dangerous to life or health” (IDLH) or the “hot zone”. The equipment carried into the IDLH area was
separated into two groups depending on whether it was integral to the First Responder’s SCBA and turnout gear or a
portable device that might be used in or carried into the IDLH area. Equipment intended for use outside the IDLH
area was separated into two groups depending on whether it was attached to vehicles or portable (hence possibly
carried into the IDLH area).
Performance features that may be affected by the level of intrinsic safety include power dissipation, battery life,
size, and weight. In addition, specific parameters such as acoustic, RF, and optical output power may also be
affected.

E. Hazard Analysis
Chapter 6 discusses the results of the Hazard Analysis conducted during the final (fourth) phase of the project. To
perform a Hazard Analysis, one needs the following:
1. A list of hazards that might occur.
2. A metric to determine the probability that each hazard could occur; typically this is qualitative.
3. An estimate of the severity of an accident for each hazard.
Then based on the hazard analysis, standards can be generated to minimize the most likely and most severe
accidents.
The Hazard Analysis conducted for this project identified the probability of occurrence and the severity of an
accident for each of the hazardous locations defined by NFPA 70. It was noted that any accident would involve an
explosion with certain loss of life; thus the severity for all accidents would be considered catastrophic.
Although a Hazard Analysis generally uses qualitative terms for probability of occurrence, a quantitative assessment
would be preferred. The results of the analysis would then be used to determine which of the various hazards are
more probable so that certification requirements could include those hazards that are more likely to occur. It was
noted that very little information is available—either qualitative or quantitative—concerning the probabilities.
Survey techniques were suggested to help identify the probabilities. Appendix A provides a possible survey form that
could be circulated to fire departments and First Responders.
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The chapter also includes a general analysis to estimate the probability of an accident occurring in a hazardous
environment based on the probability of a single fault occurring in a particular electronic device. This analysis
revealed a dramatic safety difference between nonincendive and intrinsically-safe certification requirements.
An attempt was made to quantify the probability of a single fault based on the number of PASS devices that require
warranty service or repair. This analysis revealed a somewhat surprising result: if only one PASS device fails during
the year throughout the U.S., the probability of an explosion with nonincendive certification (ISA 12.12.01) would be
too high. On the other hand, if as many as 24,000 fail during the year, intrinsically-safe certification (UL 913) might
have a sufficiently low probability of causing an explosion to be acceptable. Details of this analysis are provided in
the chapter, and it should be noted that a number of assumptions were involved. Even though solid probability data
was not available, the fact that PASS devices have had warranty-repair failures over the 30+ years that they have
been in service and yet no explosion has been attributed to equipment carried by firefighters during this time attests
to the wisdom of using intrinsic safety certification as the preferred method over nonincendive certification.
The chapter also defines a process by which the intrinsic safety certification requirements could be determined for
future pieces of equipment. Simply stated, that process is to:
1.
2.
3.
4.

Perform a hazard analysis to determine the probabilities of occurrence for the defined hazards.
Identify those hazards with the highest probability of occurrence.
Match the certification requirements to those hazards with the highest probability of occurrence.
Determine if nonincendive or intrinsically-safe certification requirements are to be used. If the equipment is
routinely used by First Responders, then the probability analyses discussed above strongly recommend the
use of intrinsic safety certification rather than nonincendive certification.

F. Conclusions and Recommendations
Chapter 7 provides conclusions and recommendations derived from this project.
The recommendations are:
 Wherever possible, all NFPA standards should use the same level of protection (Classes, Groups,
Temperature Codes, and Divisions) to provide consistency throughout the ensemble of electronic safety
equipment (ESE) carried by First Responders.
 A follow-on survey should be conducted to provide a more accurate estimate of the probability of
occurrence for the identified hazards to optimize the requirements of the various NFPA standards.
 All electronic safety equipment (ESE) routinely carried by First Responders should be certified for use in all
Class I, II, and III, Division 1 and 2 hazardous areas; for single-protection methods, this means that the ESE
should be certified as intrinsically safe.
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Chapter 2. Literature Review
Various publications are summarized based on their applicability to intrinsic safety, with particular regard to the
Evaluation of Intrinsic Safety for Emergency Responder ESE project. For details, please refer to the publications
themselves. A bibliography is provided at the end of this section.

A. NFPA 70 National Electrical Code
NFPA 70 National Electrical Code is the definitive standard that identifies hazardous (combustible or flammable
atmospheres) at fixed locations. The original document was developed in 1897 through the united efforts of various
insurance, electrical, architectural, and allied interests. Since 1911, the NFPA has acted as sponsor of the Code.
Article 500 identifies hazardous atmospheres by Classes and sub-classes (called “Groups”) based on materials that
may be present. The three Classes of environments are based on the type of materials present: Class I, flammable
gases, vapors, or liquids; Class II, combustible dusts; Class III, ignitible fibers and flyings. Class I is further subdivided
into Groups based on increasing energy required for ignition by a spark: A, acetylene; B, hydrogen; C, ethylene; and
D, propane. Class II is similarly subdivided into Groups: E, metal dust; F, coal dust; and G, grain dust. Class III is not
subdivided into Groups.
Article 500 further defines two categories of environments (called “Divisions”) based on the likelihood1 of these
materials being present. Class I and Class II are split into Divisions based on the following criteria: Division 1, all or
some of the time under normal operating conditions; and Division 2, likely not to exist under normal operating
conditions. Class III is split into Divisions based on slightly different criteria: Division 1, easily ignitible fibers or
materials producing combustible fibers are handled, manufactured or used; and Division 2, easily ignitible fibers are
stored or handled other than in the process of manufacture. Article 500 provides typical examples of locations that
would be classified according to particular Classes and Divisions, which can help to clarify classifications in
ambiguous situations.
Article 500 also includes a general discussion of protection techniques that could be applied to apparatus used in
hazardous locations, including (A) explosion-proof, (B) dust ignition-proof, (C) dust-tight, (D) purged and pressurized,
(E) intrinsic safety, (F) nonincendive circuit, (G) nonincendive equipment, (H) nonincendive component, (I) oil
immersion, (J) hermetically sealed, (K) combustible gas detection system. Protection by combustible gas detection
systems is available only for restricted industrial locations and is not applicable to ESE carried by emergency
responders; Table 2-1 identifies the locations in which the remaining protections could be used.
Article 500 of NFPA 70 also specifies fourteen separate Temperature Codes (T-Codes) for both Class I and Class II.
These T-Codes define maximum surface temperatures from 85°C to 450°C for thermal ignition of the atmosphere.

1

NFPA 70 uses the expression “likelihood of the materials being present.” To be more precise, the expression should be
“probability of the materials being present.” The term “likelihood” and “probability” are often used interchangeably, but should
not be. The term “likelihood” would be more appropriate if one were trying to determine if a particular location should be
classified as Division 1 or 2. In contrast, “probability” would be more appropriate if one were trying to determine if an explosion
would occur given that the Division classification for the location was already established. The distinction between probability
and likelihood is not purely semantic. Probability refers to estimating the outcome of future events based on a known model of
a process, whereas likelihood refers to modeling a process based on the known outcome of past events. The following two
questions illustrate the difference: “Given a fair coin, what is the probability of 52 heads in 100 tosses?” vs. “Given 52 heads in
100 tosses of a coin, what is the likelihood that the coin is fair?”
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For Class III there are no T-Codes and the maximum temperature for equipment is 165°C (120°C if it can be
overloaded).
Class I
Class II
Class III
Protection Technique
Division 1 Division 2 Division 1 Division 2 Division 1 Division 2
(A) explosion-proof
√
√
(B) dust ignition-proof
√
√
(C) dust-tight
√
√
√
(D) purged and pressurized
√
√
√
√
√
√
(E) intrinsic safety
√
√
√
√
√
√
(F) nonincendive circuit
√
√
√
√
(G) nonincendive equipment
√
√
√
√
(H) nonincendive component
√
√
√
√
(I) oil immersion
√
(J) hermetically sealed
√
√
√
Table 2-1. Acceptable Protection Techniques in Hazardous Locations (from NFPA 70)
Article 501 of NFPA 70 focuses on Class I locations and identifies which of the protection techniques can be used on
different types of equipment at these locations. Similarly, Article 502 focuses on Class II locations and Article 503 on
Class III locations. Article 504 focuses on intrinsically safe systems.
Article 505 provides an alternative method for specifying protection levels by classifying locations where fire or
explosion hazards may exist due to flammable gases, vapors, or liquids (i.e., only Class I locations) according to three
Zones instead of by Divisions and Groups. The Zone method is more consistent with some international standards. In
Zone 0 locations, ignitible concentrations of flammable gases or vapors are present continuously or for long periods
of time under normal operating conditions. In Zone 1 locations, ignitible concentrations of flammable gases or
vapors (a) are likely to exist under normal operating conditions, (b) may exist frequently because of repair or
maintenance operations or because of leakage, (c) may exist due to equipment breakdown, or (d) could exist some
of the time due to proximity to a Class I, Zone 0 location without safeguards such as positive pressure ventilation. In
Zone 2 locations, ignitible concentrations of flammable gases or vapors are not likely to occur in normal operation,
and if they do occur, will exist only for a short period. The Zone 2 classification usually includes locations where
volatile flammable liquids or flammable gases or vapors are used but which would become hazardous only in case of
an accident or of some unusual operating condition. Intrinsic safety is designated type of protection “ia” for use in
Zone 0 locations, “ib” for use in Zone 1 locations, and “ic” for use in Zone 2 locations. Articles 501-503 provide
extensive cross-references between the Group/Division method and the Zone method.
Article 506 of NFPA 70 provides an alternative method for specifying protection levels by classifying locations where
fire or explosion hazards may exist due to combustible dusts or ignitible fibers (i.e., only Class II and III locations)
according to three Zones instead of by Divisions and Groups. It should be noted that combustible metallic dusts are
covered by the Division/Group method but not by the Zone method. In Zone 20 locations, combustible dusts or
ignitible fibers/flyings are present continuously or for long periods of time in quantities sufficient to be hazardous. In
Zone 21 locations, combustible dusts or ignitible fibers/flyings are likely to exist occasionally under normal operation
in quantities sufficient to be hazardous. In Zone 22 locations, combustible dusts or ignitible fibers/flyings are not
likely to occur under normal operation in quantities sufficient to be hazardous.
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Articles 500-506 of NFPA 70 form the structural framework for which additional standards define the requirements
for designing, fabricating, and testing apparatus capable of operating in these locations. Many of these standards
have been adopted by multiple organizations, both within the U.S. and internationally, such as NFPA, UL, IEC, ISA,
ANSI, EN, and CSA. Table 2-2 lists some of the certification documents used in North America for different protection
techniques for Class I Locations.
Location
Class I
Division 1

Protection Technique
USA
Canada
Intrinsic safety
UL 913
CSA 157
Explosion-proof
UL 1203
CSA 30
Purged/pressurized (Type X or Y)
NFPA 496
NFPA 496
Class I, Zone 0 intrinsic safety “ia”
UL 60079-11
CSA E60079-11
2
Class I
Hermetically-sealed
ISA 12.12.01 or UL 1604
CSA 213
1
Division 2
Nonincendive
ISA 12.12.01 or UL 1604
CSA 213
1
Non-sparking
ISA 12.12.01 or UL 1604
CSA 213
Purged/pressurized (Type Z)
NFPA 496
NFPA 496
Oil immersion
UL 60079-6
CSA E60079-6
Any Class I, Division 1 technique
See above
See above
Any Class I, Zone 0, 1, or 2 technique
See Table 2-4
See Table 2-4
Table 2-2. North American Certification Documents for Class I: Flammable Gases, Vapors, or Liquids
Table 2-1 shows that only two single protection techniques
Class I
Class II
Class III
could be used for all Divisions of all three Classes: Division
purged/pressurized
and
intrinsic
safety.
Since
ANSI/UL 913
1
ANSI/UL 913 ANSI/UL 913
purged/pressurized would generally be impractical for ESE,
ISA 12.12.01
only intrinsic safety would cover all hazardous locations.
2
ISA 12.12.01 ISA 12.12.01 ISA 12.12.01
Table 2-1 also shows that only six single techniques could be Table 2-3. Intrinsic Safety or Nonincendive Standards
used for Division II for all three Classes: purged/pressurized,
intrinsic safety, nonincendive circuit/equipment/component, and hermetically sealed. Since purged/pressurized and
hermetically sealed would generally be impractical for ESE, only intrinsic safety and nonincendive techniques would
cover all Division II locations. Table 2-3 shows which standards would then apply to ESE in the U.S.
The definitions for intrinsic safety and nonincendive from ISA 12.12.01 show that both are basically trying to
accomplish the same thing, albeit at different levels due to Division 1 or Division 2 considerations:
Nonincendive equipment: equipment having electrical/electronic circuitry that is not capable,
under normal operating conditions, of causing ignition of a specified flammable gas-, vapor-,
dust-air mixture or fibers or flyings due to arcing or thermal means.
Intrinsically safe: Any spark or thermal effect that may occur in normal use, or under any
conditions of fault likely to occur in practice, is incapable of causing an ignition of the prescribed
flammable gas, vapor, or dust.

2

On July 31, 2012, UL 1604 was withdrawn as an active standard by UL. It was replaced with ANSI/ISA 12.12.012000, which is similar to UL 1604 but more stringent. See Compliance Today: http://www.metlabs.com/blog/productsafety/ul1604-to-be-replaced-by-ansiisa-12-12-01-2000-for-hazardous-locations-certification/
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The definitions in ISA 12.12.01 match the definitions in NFPA 70. The primary difference between the two
techniques is the requirement for intrinsic safety to include “any conditions of fault3 likely to occur in practice.”
Table 2-4 compares international protection techniques and lists the relevant certification documents.
Location
Class I
Zone 0

Class I
Zone 1

Class I
Zone 2

Protection Technique
USA
Canada
IECEx Scheme
Intrinsic safety “ia”
UL 60079-11 CSA E60079-11 IEC 60079-11
Encapsulation, “ma”
UL 60079-18
--IEC 60079-18
Class I, Div 1 intrinsic safety
UL 913
CSA 157
--Flameproof, “d”
UL 60079-1
CSA 60079-1
IEC 60079-1
Pressurization, “px” or “py”
ISA 60079-2
CSA E60079-2 IEC 60079-2
Powder filling, “q”
UL 60079-5
CSA E60079-5 IEC 60079-5
Oil immersion, “o”
UL 60079-6
CSA E60079-6 IEC 60079-6
Increased safety, “e”
UL 60079-7
CSA E60079-7 IEC 60079-7
Encapsulation, “mb”
UL 60079-18 CSA E60079-18 IEC 60079-18
Any Zone 0 method
See above
See above
See above
Any Class I, Div 1 technique
See Table 2-2 See Table 2-2
See Table 2-2
Pressurization, “pz”
ISA 60079-2
CSA E60079-2 IEC 60079-2
Intrinsic safety, “ic”
----IEC 60079-11
Encapsulated, “nC”
--CSA E60079-15 IEC 60079-15
Enclosed-break, “nC”
UL 60079-15 CSA E60079-15 IEC 60079-15
Energy-limited, “nL” (“nC” for USA) UL 60079-15 CSA E60079-15 IEC 60079-15
Hermetically-sealed, “nC”
UL 60079-15 CSA E60079-15 IEC 60079-15
Nonincendive, “nC”
UL 60079-15 CSA E60079-15 IEC 60079-15
Non-sparking, “nA”
UL 60079-15 CSA E60079-15 IEC 60079-15
Restricted breathing, “nR”
UL 60079-15 CSA E60079-15 IEC 60079-15
Sealed, “nC”
UL 60079-15 CSA E60079-15 IEC 60079-15
Self-protected Energy-limited,
--CSA E60079-15 IEC 60079-15
“nA nL” (“nL” for Canada)
Any Zone 0 or 1 technique
See above
See above
See above
Any Class I, Div 1 or 2 technique
See Table 2-2 See Table 2-2
See Table 2-2
Table 2-4. International Certification Documents for Protection Techniques

Europe
EN 60079-11
EN 60079-18
--EN 60079-1
EN 60079-2
EN 60079-5
EN 60079-6
EN 60079-7
EN 60079-18
See above
See Table 2-2
EN 60079-2
EN 60079-11
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
EN 60079-15
See above
See Table 2-2

Since there appear to be multiple options, the question then arises: which protection technique, if any, should be
used for first responder ESE? It seems quite clear that the various standards stop short of saying that a specific
technique should be used for a specific device; rather they say that if you choose to employ a particular technique,
here are the certification requirements under this standard.
To resolve this issue, it would seem that the definition in NFPA 70 regarding the Authority Having Jurisdiction (AHJ)
is particularly relevant:
Authority Having Jurisdiction (AHJ). An organization, office, or individual responsible for enforcing the
requirements of a code or standard, or for approving equipment, materials, an installation, or a procedure.
3

Note: the requirement in UL 913 for no explosions with double faults is not explicitly stated in NFPA 70. It would appear that
this requirement is a logical extension of the requirement for double insulation, double locknuts, and double interlocks
throughout NFPA 70.
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Informational Note: The phrase “authority having jurisdiction,” or its acronym AHJ, is used in NFPA
documents in a broad manner, since jurisdictions and approval agencies vary, as do their responsibilities.
Where public safety is primary, the authority having jurisdiction may be a federal, state, local, or other
regional department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau, labor
department, or health department; building official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other insurance
company representative may be the authority having jurisdiction. In many circumstances, the property
owner or his or her designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having jurisdiction.
NFPA Technical Committees, such as the Technical Committee on Electronic Safety Equipment, can determine the
requirements and approve standards for specific equipment that must be met in order to be certified to NFPA
Standards. Manufacturers can elect to provide equipment certified to these NFPA standards. The AHJ is then
ultimately responsible for making the decision whether or not to purchase equipment certified to these standards.

B. NFPA 1982 Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters, 1983 Edition
The first NFPA standard for electronic safety equipment for first responders to require intrinsically safe apparatus
was the first (1983) edition of NFPA 1982. Section 1-2.1 states:
The purpose of this standard is to provide Personal Alert Safety Systems, to be worn by fire fighters, that will
emit an audible alarm signal to summon aid in the event the fire fighter becomes incapacitated or needs
assistance.
Section 2-6.1 stated simply that “PASS shall meet the requirements of NFPA 493, Standard for Intrinsically Safe
Apparatus and Associated Apparatus for Use in Class I, II, and III, Division 1 Hazardous Locations.” Although not
referenced directly, the classifications for the hazardous locations were defined in NFPA 70 National Electrical Code.
Appendix A of NFPA 1982 references the 1978 [edition] of NFPA 493.

C. NFPA 493 Intrinsically Safe Apparatus for use in Division 1 Hazardous
Locations, 1978 Edition
The purpose of NFPA 493 is stated in section 1-2.1: The purpose of this standard is to provide requirements for the
construction and testing of electrical apparatus, or parts of such apparatus, whose circuits are not capable of causing
ignition in Division 1 hazardous locations as defined in Article 500 of NFPA 70-1978, National Electrical Code. Section
1-2.2 states: This standard is not to be considered an instructional manual for untrained persons. It is intended to
promote uniformity of practice among those skilled in the art.
The original version of NFPA 493 was prepared by the Sectional Committee on Electrical Equipment in Chemical
Atmospheres, titled “Standard for Intrinsically Safe Process Control Equipment for Use in Class I Hazardous
Locations,” and officially adopted in 1969. The 1978 edition of the standard used the classification of hazardous
locations based on Article 500 of NFPA 70 National Electrical Code 1978 Edition. NFPA 493 was replaced by ANSI/UL
913 by the NFPA Technical Committee on Electrical Equipment in Chemical Atmospheres with the following
substantiation:
NFPA 493 was originally issued as a joint standard with Underwriters Laboratory under the American
National Standards Institute. Since this standard is essentially a detailed design standard, the Committee felt
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that the design of Intrinsically Safe Equipment would be best handled under the auspices of Underwriters
Laboratory as an accredited ANSI organization.
At its November 18, 1982 meeting, The Committee on Electrical Equipment in Chemical Atmospheres agreed
to recommend withdrawal of NFPA 493 when a substitute document was available. Underwriters
Laboratories expects to publish UL 913 as a substitute in July 1988.
NFPA 493 provides eight graphs showing ignition for various gases with resistive, capacitive, and inductive circuits.
All figures, except Figures 5-1.4(c) and 5-1.4(d) are reprinted from Certification Standard SFA 3012, 1972 edition,
with permission of the Department of Trade and Industry, British Approvals Service for Electrical Equipment in
Flammable Atmospheres. Figures 5-1.4(c) and 5-1.4(d) are from "Some Aspects of the Design of Intrinsically Safe
Circuits," Research Report 256, 1968, by D. W. Widgenton, Safety in Mines Research Establishment, Sheffield,
England.” It should be noted that these are the same curves that are currently published in ANSI/UL 913 (see below).
Class I Group
A
B
C
D
Circuit
Acetylene Hydrogen Ethylene Propane Methane
Contains Cd, Zn, or Mg
3(a)
3(a)
3(a)
3(a)
Resistance
Contains no Cd, Zn, or Mg
3(b)
3(b)
3(b)
3(b)
Contains Cd, Zn, or Mg; 24 V only
4(a)
4(a)
4(a)
4(a)
Contains no Cd, Zn, or Mg; 24 V only
4(b)
4(b)
4(b)
4(b)
Inductance
Contains Cd, Zn, or Mg
4(c)
4(d)
Contains no Cd, Zn, or Mg
Contains Cd; 0-40 Ω
5(b)
5(a)
Capacitance
Contains no Cd, Zn, or Mg; 0 Ω only
5(b)
5(a)
Table 2-5. Ignition Curves in Section 5-1
Table 2-5 shows which Groups in Class I (in addition to methane) are covered by the eight graphs. Five of the graphs
do not distinguish Group A (acetylene) from Group B (hydrogen). Note that not all combinations are covered.
NFPA 493, a 64 page document, also includes extensive discussions on fabrication, test methods, and performance
requirements in much the same way as ANSI/UL 913 and ISA 12.12.01.

D. NFPA 1982 Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters, 1988 Edition
Section 3-6.1 of the 1988 Edition of NFPA 1982 states the intrinsic safety requirements:
PASS shall meet the Class I, Division I hazardous locations requirements of NFPA 493, Standard for
Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III, Division 1 Hazardous
Locations.
Section 5-1 of NFPA 1982 references the 1978 [edition] of NFPA 493.

E. NFPA 1982 Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters, 1993 Edition
Section 3-4.3 of the 1993 Edition of NFPA 1982 states the intrinsic safety requirements:
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PASS shall meet the requirements for Class I, Division 1 hazardous locations of ANSI/UL 913, Standard for
Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, H, and III, Division 1 Hazardous
Locations.
All NFPA 1982 standards after this edition reference ANSI/UL 913 instead of NFPA 493 for intrinsic safety.

F. ANSI/UL 913 Intrinsically Safe Apparatus and Associated Apparatus for Use
in Class I, II, and III, Division 1, Hazardous (Classified) Locations: 6th Edition
ISBN 0-7629-0784-3
First Edition – November, 1971
Second Edition – January, 1976
Third Edition – July, 1979

Fourth Edition – July, 1988
Fifth Edition – February, 1997
Sixth Edition – August 8, 2002

The most recent designation of ANSI/UL 913 as an American National Standard for the Sixth Edition occurred on
June 28, 2002. The Sixth Edition does not summarize the changes from the Fifth Edition.

Background
The 2013 edition of NFPA 1982 Standard on Personal Alert Safety Systems (PASS) references the 6th edition of
ANSI/UL 913 for intrinsic safety. Consequently, certification requirements are reviewed here in detail.
ANSI/UL 913 provides the requirements for the construction and testing of electrical apparatus or parts of apparatus
having circuits that are not capable of causing ignition in Class I, II, or III, Division 1 hazardous (classified) locations in
accordance with the requirements of the National Electrical Code (Articles 500 and 505), ANSI/NFPA 70, the Rules of
the Canadian Electrical Code (Part I, C22.1), and gassy underground mines. These requirements also cover
associated apparatus located outside of a Class I, II or III, Division 1 location whose design and construction may
influence the intrinsic safety of an electrical circuit within the Class I, II or III, Division 1 location.
The requirements also apply to apparatus or parts of apparatus for installation and use in Class I, Zone 0 or 1,
Groups I, IIC, IIB and IIA hazardous (classified) locations as defined in Article 505 of the National Electrical Code,
NFPA 70. The requirements also cover associated apparatus located outside of the Class I, Zone 0 or 1, Groups I, IIC,
IIB and IIA location whose design and construction may influence the intrinsic safety of an electrical circuit within the
Class I, Zone 0 or 1, Group I, IIA, IIB, or IIC location. Note that Groups I, IIC, IIB, and IIA are not those of the normal
Division I and II classifications (i.e., Groups A through G), but specific to the Zone method for intrinsic safety;
furthermore Group I is not shown in the UL Hazardous Locations Services Brochure (332 2.5M/4/11BD/110318,
2011), which can cause confusion in interpreting ANSI/UL 913. Group I is listed, however, in the 2011 Edition of the
National Electrical Code, NFPA 70, and described as containing firedamp (a mixture of gases, composed mostly of
methane, found underground, usually in mines). Furthermore, NFPA 70 does not apply to installations underground
in mines.

Normal Atmospheric Conditions
The requirements of ANSI/UL 913 consider ignition in locations classified as a hazardous location by the presence of
flammable or combustible material under normal atmospheric conditions, which are:
a. Ambient temperature of 40°C (104°F)
b. Oxygen concentration not greater than 21% by volume
c. Pressure of one atmosphere
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Exclusions
The standard does not cover mechanisms of ignition from external sources such as static electricity or lightning,
which are not related to the electrical characteristics of the apparatus. The standard also does not cover apparatus
based on high voltage electrostatic principles such as electrostatic paint spraying.
The requirements of ANSI/UL 913 specifically apply only to linear circuits. Nonlinear circuits shall be subject to a
special investigation which may include the requirements for linear circuits.

Fault Considerations
The standard defines two categories of apparatus containing intrinsically safe circuits which are incapable of causing
ignition with the appropriate Safety Factor (discussed later); these categories are labeled “ia” and “ib”:
Category “ia” applies when up to two countable faults which produce the most severe conditions are
applied. Apparatus is applicable for Class I, Zone 0; Class I, Zone 1; and Class I, Division 1 locations.
Category “ib” applies when up to one fault which produces the most severe conditions is applied. Apparatus
is applicable only for Class I, Zone 1 locations.
A fault is defined as a defect or electrical breakdown of any component, spacing, or insulation that alone or in
combination with other faults may adversely affect the electrical or thermal characteristics of the intrinsically safe
circuit. If a defect or breakdown leads to defects or breakdowns in other components, the primary and subsequent
defects and breakdowns are considered to be a single fault.

Extensions
Sections 6.1.5 through 6.1.8 further require that apparatus for certain locations comply with the requirements of
additional locations. For example, 6.1.5 states that apparatus for use in gassy underground mines or for Class I,
Group I, locations shall comply with the requirements for Class I, Group D (methane-air), and Class II, Group F (coal
dust-air) locations. Note that additional confusion may arise because Class I, Group D, is actually for propane, not
methane.

Primary Requirements
There are two primary requirements in ANSI/UL 913:
1. The energy available shall be low enough under normal conditions that it is incapable of igniting a test
gas mixture due to arcing or temperature, and
2. The energy available shall be low enough under abnormal conditions with assumed fault conditions that
it is incapable of igniting a test gas mixture due to arcing or temperature.
Normal operation includes such issues as supply voltage at maximum rated value (except for line-powered mining
equipment, 1.2 times nominal line voltage), tolerances of all components in the combination that represents the
most unfavorable condition, adjustments at the most unfavorable settings, possible miswiring of field terminals
(including shorting, opening, or grounding of conductors). Note that normal operation takes into account the
conditions defined by the Control Drawing.
At least two types of ignition sources are to be considered in evaluating a circuit for intrinsic safety:
1. Sources of spark ignition (including discharge of capacitive circuits, interruption of inductive circuits,
intermittent making and breaking of resistive circuits, and hot wire fusing).
2. Sources of thermal ignition (including heating of small gage wire, glowing of a filament, and high surface
temperature of components).
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Control Drawing
Each intrinsically safe apparatus (or associated apparatus that requires interconnection to other circuits or
apparatus) requires a Control Drawing, which defines such issues as polarity requirements, allowable
interconnections, methods to calculate the allowed capacitance and inductance values for field wiring, maximum
input voltages and currents, maximum input capacitance and inductance, and maximum input power.

Verification Procedures
The possibility of arc ignition under both normal and fault conditions is to be determined by either of two
procedures:
1. Using the Testing Method with a sample circuit in an explosion chamber with specific gas mixtures, or
2. Using the Comparison Method, which involves analyzing the circuit using specific graphs for resistance,
capacitance, and inductance circuits.
Testing Method: This method involves experimentally testing a sample
circuit in an explosion chamber with specific sample gases. A safety factor
called the Test Factor is used for “ia” and “ib” circuits and is applied to
voltages and currents, shown in Table 2-6. ANSI/UL 913 describes various
methods to increase the voltages and current, including decreasing the
values of limiting resistance, increasing the line voltage, or even using test
gases that are more easily ignited.

Condition
“ia” Circuit “ib” Circuit
No Fault
1.5
1.5
Single Fault
1.5
1.5
Double Fault
1.0
N/A
Table 2-6. Test Factor

There are also some rather confusing statements, such as: “For capacitive circuits the voltage is to be increased by a
factor of 1.5 by increasing only the voltage by a factor of 1.5.” Another example of confusing statements: “Apparatus
and systems in which no faults can occur shall be considered to be in category “ib” if they meet the test
requirements under conditions in 8.1.3.1 (a) and (b).” However, Section 8.1.3.1 (b) applies to single faults.
Graph Circuit Type
8.1
Resistance
(L<5µH)
8.2
Resistance
(L<5µH)
8.3
Inductance
8.4
Inductance
8.5
Inductance
8.6
Inductance
8.7
Capacitance
8.8
Capacitance

Circuits Contain
Al, Cd, Mg, Zn

Groups
A,B,C,D,Methane

No Al, Cd, Mg, Zn

A,B,C,D,Methane

Notes
Straight line between open-circuit
voltage and short-circuit current
Straight line between open-circuit
voltage and short-circuit current
24 Volt supply only
24 Volt supply only

24 Volts with Al, Cd, Mg, Zn
A,B,C,D,Methane
24 Volts with no Al, Cd, Mg, Zn
A,B,C,D,Methane
Al, Cd, Mg, Zn
B
Al, Cd, Mg, Zn
Methane
Cd, or Sn but no Al, Cd, Mg, Zn
Methane
Current-limiting resistors specified
Cd, or Sn but no Al, Cd, Mg, Zn
A,B
Current-limiting resistors specified
Table 2-7. Graphs for Comparison Method

Comparison Method: This method involves a theoretical analysis of the circuit schematic, layout, and mechanical
assembly. The Comparison Method utilizes eight graphs for resistance, inductance, and capacitance circuits, which
are shown in Figure 2-8 and summarized in Table 2-7. Six of the figures are reprinted from Certification Standard SFA
3012, 1972 edition, with permission of the Department of Trade and Industry, British Approvals Service for Electrical
Equipment in Flammable Atmospheres. The remaining two are from Some Aspects of the Design of Intrinsically
Safe Circuits,Research Report 256, 1968, by D. W. Widginton, Safety in Mines Research Establishment, Sheffield,
England.
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Fig. 2-8. Graphs 8.1 through 8.8 from ANSI/UL 913
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Note that the eight graphs do not provide a complete set of data to cover all possible circuit and environmental
conditions, some of which are listed below:
1. Graphs 8.3 through 8.5 cover circuits with inductors and resistors. Graphs 8.7 and 8.8 cover circuits with
capacitors and resistors. None of the graphs cover circuits that contain resistors, capacitors, and inductors,
particularly in resonant configurations, as may be used in switching power supplies and RF circuits.
2. None of the graphs consider Groups E (metal dust), F (coal dust), or G (grain dust), which are all the groups
under Class II.
3. Graphs 8.1 and 8.2 involve use of a straight line between the open-circuit voltage and the short-circuit
current, which is applicable to linear circuits, but not nonlinear circuits. The entire document makes no
suggestions on how to deal with nonlinear circuits. Unfortunately many circuits are nonlinear; for example,
all switching and digital circuits are nonlinear. The appendix only notes that “At this time, the ignition curves
only apply to associated apparatus with linear outputs. Entity listing of intrinsically safe apparatus using
associated apparatus with nonlinear outputs must be the subject of special investigation. The control
drawing must be explicit in identifying those parameters applicable to linear output associated apparatus
and those applicable to nonlinear associated apparatus.”
4. Graphs 8.3 and 8.4 only apply to circuits with a 24 Volt supply. Inductance circuits with supply voltages other
than 24 Volts would be covered by Graph 8.5 for Group B (hydrogen) and by Graph 8.6 for methane. Thus no
graph applies to Groups A (acetylene), C (ethylene), or D (propane) for inductance circuits with other supply
voltages. Note that battery-operated equipment will often have power supplies of 3, 6, or 9 Volts; internal
voltage regulators may further limit the supply voltage to lower values.
5. The only graphs that apply to capacitive circuits are Graphs 8.7 and 8.8. For both graphs, the Sn (no Al, Cd,
Mg, or Zn present) curves only apply to the case of no current-limiting resistor. The curves with Al, Cd, Mg,
or Zn present only apply to the cases of no current-limiting resistor or 5.6 Ω, 15 Ω, or 40 Ω. No information is
available for larger current-limiting resistors, such as may be used in low-frequency filtering applications. In
addition, neither graph applies to Groups C (ethylene) or D (propane). Since virtually all circuits will contain
capacitors, the two graphs only cover a portion of typical circuits that might be used by emergency
responders.
6. Section 8.2.5 states somewhat confusingly that “These curves [Figures 8.7 and 8] are intended to represent
capacitor discharge only. They do not include the additional current which may be available from associated
circuits.”
7. Section 8.2.6 states “The curves for Group D are based on tests with propane. The curves for methane are
based on tests with methane. The curves for Group C are based on tests with ethylene. The curves for
Groups A and B are based on tests with hydrogen.” Note however that ANSI/UL 913 distinguishes Group A
(acetylene) from Group B (hydrogen). Thus it would seem that the “Groups A and B” curves in Figures 8.1
through 8.4 and 8.8 should only apply to Group B and not to Group A.
It is indeed unfortunate that in over 30 years, during which intrinsic safety has been a requirement for the Personal
Alert Safety System (PASS), no one has extended the graphs to cover any conditions beyond that of the original
English publications. This situation only magnifies the subjectivity and variations that can be seen between different
certification agencies. ANSI/UL913 leaves it up to the examiner at the certification agency to apply ANSI/UL 913 to
specific situations. The document does note that:
“ANSI/UL 913 is not to be considered an instruction manual for untrained persons. It is intended to promote
uniformity of practice among those skilled in the field of intrinsic safety.”
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The Comparison Method defines the acceptance criteria by requiring that “The circuit shall be acceptable without
test if the current does not exceed 80 percent of the value determined from Figures 8.1 – 8.6, and the voltage does
not exceed 80 percent of the value determined from Figures 8.7 and 8.8.”
Two parameters used by the Comparison Method are Ci, the Maximum Internal Capacitance, and Li, the Maximum
Internal Inductance. These parameters are the equivalent capacitance and inductance appearing across the
terminals of the intrinsically safe apparatus. They are to be determined under both normal and fault conditions by
one of three methods:
a. Inspection or analytical computation; or
b. Confirmation of the value by testing in accordance with Internal Capacitance or Inductance Test, Section 35,
if the apparatus manufacturer declares a maximum internal capacitance or maximum internal inductance
value; or
c. Derivation of the value of maximum internal capacitance or maximum internal inductance using the
procedure specified in Internal Capacitance or Inductance Test, Section 35.
Methods b) and c) for determining Li and Ci are variations of the same basic
technique, which is detailed in Section 35. Method a), however, is not defined
and would be subject to interpretation. The equivalent input impedance seen at
the terminals of the intrinsically safe device is unlikely to be a simple capacitor or
inductor, and more likely to be a combination of resistors, inductors, and
capacitors; even if there are no inductors, there could easily be a resistor in
Fig. 2-9. Input Circuit
series with any significant capacitance. As an example, Figure 2-9 shows a
simplified circuit that represents the input impedance seen at the input terminal for an intrinsically safe device used
in the Summit Safety Pathfinder system. Because capacitor C1 has a diode in series, the circuit is nonlinear and any
charge on C1 cannot cause an ignition spark. In addition, the R1-R2 resistor divider causes the voltage on C2 to be
reduced by a factor of 67. Furthermore, Graphs 8.7 and 8.8 do not provide data for resistors greater than 40 Ω,
making extrapolation for a 22 MΩ virtually impossible. Such relatively simple circuits have led to major
inconsistencies between different certification agencies.
Since ANSI/UL 913 does not provide theoretical data to cover all possible environmental or circuit conditions and
further applies only to linear circuits, the examiner at a certification agency is forced either to estimate the
requirements by extrapolating the data or to apply data that does not fit the situation, often resulting in overly
conservative analyses. Alternatively, the examiner can defer to using only the Testing Method, which involves using
sample circuits in an explosion chamber. But even then, causing or simulating faults can be problematic, particularly
if the circuit is encapsulated.
Location
Maximum Energy [µJ]
Construction Requirements
Gassy underground mines (Group I)
1500
Sections 9 through 19 cover construction
Class I, Group D (Group IIA)
950
requirements for intrinsically safe devices, including
Class I, Group C (Group IIB)
250
such topics as the spacing of conductive parts,
Class I, Groups A and B (Group IIC)
50
encapsulation, internal and external wiring,
Table 2-10. Impact Limitation for Piezoelectric Devices
enclosures, and specific components. Most of the
requirements are the same for all Classes, Divisions, Groups, and Zones; Section 16, which applies to impact tests for
piezoelectric devices, is an exception, as shown in Table 2-10 (from Table 16.1 in ANSI/UL 913).
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Section 19 discusses requirements specific to apparatus for Class II
and Class III locations. The section also defines maximum allowed
surface temperatures, as shown in Table 2-11 (from Table 19.1 of
ANSI/UL 913).

Location
Max Temperature
Class II, Group E
200°C (392°F)
Class II, Group F 150°C (302°F) Gassy mines
200°C (392°F) Elsewhere
Class II Group G
165°C (329°F)
Class III
165°C (329°F)
Table 2-11. Maximum Surface Temperature

Although not stated explicitly, some of the requirements apply to
systems powered by 110 VAC mains. For example, Section 15.8
states that blocking capacitors must withstand an alternating
current test voltage of twice the fault voltage plus 1000 Vrms and shall not be electrolytic or tantalum; clearly this
requirement would not apply to a device attached to a 6 Volt battery.

Performance
Sections 20 through 37 discuss how to perform specific tests, such as temperature, dielectric strength, lamp
breakage, transformers, printed circuit board, impact, internal capacitance or inductance, and spark. Section 37
discusses verification of the spark test apparatus.

Marking
Section 38 discusses how intrinsically safe devices should be marked.

Appendices
The appendices provide limited explanatory material to help the examiner in those situations that are not
specifically covered by the standard. For example, oxygen enrichment and non-standard pressures are discussed in
Appendix A1.
It is worth noting that the ignition data in Section 8.2.2 “represents the levels of current which would cause ignition
of the flammable material in its most easily ignitable concentration more than once in a thousand attempts.”

G. ANSI/UL 913 Intrinsically Safe Apparatus and Associated Apparatus for Use
in Class I, II, and III, Division 1, Hazardous (Classified) Locations: 7th Edition
ISBN 0-7629-1186-7
Seventh Edition – July 31, 2006
The Seventh Edition of ANSI/UL 913 only lists the few changes from the Sixth Edition.
Relevant Changes from 6th Edition
1. Removal of references to gassy mines.
2. Removal of references to the Canadian Electrical Code (CEC)
3. Removal of most of the technical discussions that were in the 6th Edition and substituting references to
a. UL 60079-0:2005 Explosive Atmospheres – Part 0: Equipment – General Requirements, and
b. UL 60079-11:2002 Explosive Atmospheres – Part 11: Equipment Protection by Intrinsic Safety “i”.
Note that UL 60079-0 is based on the International Electrotechnical Commission (IEC) 60079-0
document, which is the 84-page parent document for Electrical Apparatus for Explosive Gas
Atmospheres. This document discusses general requirements only for locations with gas atmospheres
(meaning Class I and not Class II or Class III locations) and covers situations beyond intrinsic safety
(including methods for Division 2 locations). Requirements in UL 60079-0 can be modified or
Page 22

supplemented by any of the additional documents in the series (which include 60079-1 through 6007926).
Also note that UL 60079-11 applies to Electrical Apparatus for Explosive Atmospheres: Intrinsic Safety
(again only for Class I and not Class II or Class III locations). Furthermore, 60079-11 applies to “ia”
protection in Zone 0 locations, and does not reference the Class/Division/Group method of
classification.
Because UL has chosen for the 7th Edition of UL 913 to refer to the 60079 series of documents—which
are based on the Zone classification method and do not apply to some locations, such as those of Class II
and Class III—it has tried to reconcile the US standards to be more compatible with international
standards. However in doing so, UL has added considerable confusion to the subject of intrinsic safety.
Forcing the user to use large, multiple, cross-referenced documents that (a) may or not apply to specific
situations, (b) do not cover all situations, and (c) are currently in a state of extensive revision has
resulted in significant problems. It was precisely this issue that forced the NFPA Electronic Safety
Equipment Technical Committee to use the 6th Edition of UL 913 for the current revision of NFPA 1982.
Unfortunately this issue is unlikely to be resolved in the near future.
4. Requirements for apparatus for all Class I locations replaced as per Sections 5.5-5.7, as shown in Table 2-12.
Section Class Division
Groups
Requirements in UL 60079-0 and 60079-11
5.5
I
1
A and/or B All requirements for Category “ia” Group IIC locations
5.6
I
1
C
All requirements for Category “ia” Group IIB locations
5.7
I
1
D
All requirements for Category “ia” Group IIA locations
Table 2-12. Seventh Edition Requirements
5. Requirements for all Class II and Class III locations replaced as per Sections 6.1.2 and either 6.1.3 or 6.1.4.
a. Section 6.1.2: Temperatures of exposed surfaces shall
Location
Max Temperature
not exceed the values shown in Table 2-13 (from Class II, Group E
200°C (392°F)
Table 6.1 of ANSI/UL 913). Note that these values are Class II, Group F
200°C (392°F)
the same as Table 2-11 above for the Sixth Edition of Class II Group G
165°C (329°F)
ANSI/UL 913 with the exception that requirements Class III
165°C (329°F)
for gassy mines have been deleted.
Table 2-13. Maximum Surface Temperature
Exception: temperatures for small components under
fault conditions shall be permitted to exceed these limits if it is shown that such higher
temperatures will not result in ignition or charring.
b. Section 6.1.3: Except as specified in 6.1.4, intrinsically safe apparatus for use in Class II, Groups E, F,
and G locations shall be enclosed in a dust-tight enclosure that complies with the requirements in
6.2.1 – 6.2.3. In addition, the apparatus shall also comply with the spark ignition requirements for
Class I, Group D or for methane (Table 2-12 above).
c. Section 6.1.4: Intrinsically safe apparatus for use in Class II, Groups F and G locations not enclosed in
a dust-tight enclosure complying with the requirements in 6.2.1 – 6.2.3 shall comply with the spark
ignition requirements specified in 6.1.3. In this case, it is to be assumed that all spacings do not
comply with the separation distance requirements specified in UL 60079-11:2002 and that all
connections between live or grounded parts and conductors are in the most unfavorable condition.
The number of such connections is unlimited.
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6. Section 6.2 describes dust-tight enclosures.
7. Section 7 describes how to test dust-tight enclosures.
8. Section 8 describes a dust blanketing temperature test. Certification for Groups F, Group G, Groups F and G,
or Groups E, F, and G are to be done with wheat and/or corn dust. Tests for Group E only are to be done
with either magnesium dust or aluminum oxide dust. Temperatures are not to exceed those of Table 2-13
above. Exception: temperatures for small components under fault conditions shall be permitted to exceed
these limits if it is shown that such higher temperatures will not result in ignition or charring (the same
exception allowed for Table 2-13 above). Note that the rationale for why tests for Groups E, F, and G in
combination do not require a metal dust is not explained; recall that Groups E, F, and G refer respectively to
metal, dust, and grain.

Intrinsic Safety for Lithium Batteries
The Seventh Edition of ANSI/UL 913 specifies that lithium batteries shall comply with the Standard for Lithium
Batteries, UL 1642, or shall be subject to a special investigation. Each lithium battery shall be operated within its
maximum electrical parameters as determined by this standard under normal and fault conditions.

H. ISA-12.12.01-2007 Nonincendive Electrical Equipment for Use in Class I and
II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Classified)
Locations: Draft 4, March 2007
Purpose and Scope
The purpose of this 46-page standard is to provide minimum requirements for the design, construction, and marking
of electrical equipment or parts of such equipment for use in Class I and Class II, Division 2 and Class III, Divisions 1
and 2 hazardous (classified) locations as defined in the National Electrical Code (NEC®) ANSI/NFPA 70. This
equipment, in normal operation, is not capable of causing ignition of the surrounding atmosphere under the
conditions prescribed in this standard, although the equipment may contain electronic components that operate at
incendive levels and may also have field wiring that is incendive. In addition, it is the intent of this document to
establish uniformity in test methods for determining the suitability of the equipment and associated circuits and
components as they relate to potential ignition of a specific flammable gas or vapor-in-air mixture, combustible
dust, easily ignitible fibers, or flyings.
It is important to note that the equipment covered by this standard cannot cause ignition under normal operating
conditions. Unlike UL 913, ISA-12.12.01 does not consider the effect of faults (either single or double). Normal
operating conditions are those conditions under which equipment conforms electrically and mechanically with its
design specification and is used within the conditions specified by the manufacturer. These conditions include:
1.
2.
3.
4.
5.

Supply voltage, current, and frequency;
Environmental conditions (including process interface);
All tool-removable parts (e.g., covers) in place;
All operator-accessible adjustments at their most unfavorable settings; and
Opening or grounding of any one or shorting of any two of any nonincendive field-wiring conductors.

It would seem that the definition of “normal operating conditions” allows considerable leeway to the manufacturer
to specify how the equipment should perform. Note that the only “faults” that can be considered are in item 5,
which apply to external wiring that is done in the field (i.e., not integral to the equipment); in the case of portable
ESE, very little wiring of this type is used.
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Exclusions
This standard is not intended to cover equipment for use in Class I and Class II, Division 1 locations, such as
equipment constructed to be intrinsically safe, dust ignition-proof, or explosion-proof. Such equipment is, however,
suitable for use in Class I and Class II, Division 2 locations in the same group and temperature class for which it is
suitable in Division 1.
This standard does not cover mechanisms of ignition from external sources, such as static electricity or lightning,
that are not related to the electrical characteristics of the equipment.
This standard is not intended as an instructional manual for untrained persons. It is intended to promote uniformity
of practice among those skilled in the area of design, construction, and application of equipment suitable for Class I
and Class II, Division 2 and Class III, Divisions 1 and 2 locations.
Like UL 913, this standard does not apply to nonlinear circuits, which includes all digital and switching circuits.

Standard Conditions
ISA 12.12.01 applies to locations made hazardous by the presence of flammable gases, vapors, combustible dusts,
fibers, and flyings under ambient conditions which include a temperature between -25°C (-13°F) and 40°C (104°F).

Enclosures
The main requirement for enclosures is in Section 5.2 which states:
Enclosures shall provide a suitable degree of protection against deterioration of the equipment that would
adversely affect its suitability for use in Class I, Division 2 locations. NOTE: Although general-purpose enclosures
normally will suffice, particular attention should be given to the possible need for weatherproofing, general
protection from corrosion (for further information see ANSI/UL 50 or ANSI/NEMA 250, Enclosures for Electrical
Equipment) and to preventive maintenance .
It should be noted that the requirements for enclosures are not as stringent or explicit as outlined in UL 913. For
example, there is no clear definition of exactly what constitutes “a suitable degree of protection against
deterioration,” leaving considerable room for subjective interpretation of the standard by different certification
groups.

Nonincendive Verification
ISA 12.12.01 is similar to UL 913 in specifying two possible methods to determine that a circuit or field wiring is
nonincendive: (1) by testing or (2) by comparing calculated or measured values of current, voltage, inductance, and
capacitance against the same eight graphs shown in Figure 2-7 above. A major difference is that neither of the two
methods considers internal faults in the circuit for ISA 12.12.01. This distinction between intrinsic safety (UL 913)
and nonincendive (ISA 12.12.01) thus represents a huge difference in both potential safety of the electronic
equipment as well as the difficulty in meeting the standards. Thus for intrinsic safety, double faults cannot cause an
explosion, whereas for nonincendive, a single internal fault is allowed to cause an explosion.
Another distinction between UL 913 and ISA 12.12.01 when using the comparison analysis method is that the
maximum voltages and currents require a safety margin Test Factor (see Table 2-6) for UL 913, but no such safety
margin for ISA 12.12.01.
It is interesting to note that no credit is given to the British publications for the eight graphs that are presented in
ISA 12.12.01.
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I. Code of Federal Regulations: 30 CFR: Mine Safety and Health Administration
30 CFR covers the Mine Safety and Health Administration (MSHA). The following sub-parts to 30 CFR make specific
reference to intrinsic safety requirements.

Part 18: Electric Motor-Driven Mine Equipment and Accessories
Part 18.2 Definitions
Intrinsically safe means incapable of releasing enough electrical or thermal energy under normal or abnormal
conditions to cause ignition of a flammable mixture of methane or natural gas and air of the most easily ignitable
composition.
Part 18.68 Tests for Intrinsic Safety
(a) General:
(1) Tests for intrinsic safety will be conducted under the general concepts of "intrinsically safe" as defined in Subpart
A of this part. Further tests or requirements may be added at any time if features of construction or use or both
indicate them to be necessary. Some tests included in these requirements may be omitted on the basis of previous
experience.
(2) Intrinsically safe circuits and/or components will be subjected to tests consisting of making and breaking the
intrinsically safe circuit under conditions judged to simulate the most hazardous probable faults or malfunctions.
Tests will be made in the most easily ignitable mixture of methane or natural gas and air. The method of making and
breaking the circuit may be varied to meet a particular condition.
(3) Those components which affect intrinsic safety must meet the following requirements:
(i) Current limiting components shall consist of two equivalent devices each of which singly will provide intrinsic
safety. They shall not be operated at more than 50 percent of their ratings.
(ii) Components of reliable construction shall be used and they shall be so mounted as to provide protection against
shock and vibration in normal use.
(iii) Semiconductors shall be amply sized. Rectifiers and transistors shall be operated at not more than two-thirds of
their rated current and permissible peak inverse voltage. Zener diodes shall be operated at not more than one-half
of their rated current and shall short under abnormal conditions.
(iv) Electrolytic capacitors shall be operated at not more than two-thirds of their rated voltage. They shall be
designed to withstand a test voltage of 1,500 volts.
(4) Intrinsically safe circuits shall be so designed that after failure of a single component, and subsequent failures
resulting from this first failure, the circuit will remain intrinsically safe.
(5) The circuit will be considered as intrinsically safe if in the course of testing no ignitions occur.
(b) Complete intrinsically safe equipment powered by low energy batteries:
(1) Short-circuit tests shall be conducted on batteries at normal operating temperature. Tests may be made on
batteries at elevated temperature if such tests are deemed necessary.
(2) Resistance devices for limiting short-circuit current shall be an integral part of the battery, or installed as close to
the battery terminal as practicable.
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(3) Transistors of battery-operated equipment may be subjected to thermal "run-away" tests to determine that they
will not ignite an explosive atmosphere.
(4) A minimum of 1,000 make-break sparks will be produced in each test for direct current circuits with
consideration given to reversed polarity.
(5) Tests on batteries shall include series and/or parallel combinations of twice the normal battery complement, and
the effect of capacitance and inductance, added to that normally present in the circuit.
(6) No ignition shall occur when approximately 1/2-inch of a single wire strand representative of the wire used in the
equipment or device is shorted across the intrinsically safe circuit.
(7) Consideration shall be given to insure against accidental reversal of polarity.
(c) Line-powered equipment and devices:
(1) Line-powered equipment shall meet all applicable provisions specified for battery-powered equipment.
(2) Nonintrinsically safe components supplying power for intrinsically safe circuits shall be housed in explosion-proof
enclosures and be provided with energy limiting components in the enclosure.
(3) Wiring for nonintrinsically safe circuits shall not be intermingled with wiring for intrinsically safe circuits.
(4) Transformers that supply power for intrinsically safe circuits shall have the primary and secondary windings
physically separated. They shall be designed to withstand a test voltage of 1,500 volts when rated 125 volts or less
and 2,500 volts when rated more than 125 volts.
(5) The line voltage shall be increased to 120 percent of nominal rated voltage to cover power line voltage
variations.
(6) In investigations of alternating current circuits a minimum of 5,000 make-break sparks will be produced in each
test.
(d) The design of intrinsically safe circuits shall preclude extraneous voltages caused by insufficient isolation or
inductive coupling. The investigation shall determine the effect of ground faults where applicable.
(e) Identification markings: Circuits and components of intrinsically safe equipment and devices shall be adequately
identified by marking or labeling. Battery-powered equipment shall be marked to indicate the manufacturer, type
designation, ratings, and size of batteries used.

Part 22: Portable Methane Detectors
Part 22.7 Specific Requirements
Safety against explosion hazard--(1) Detectors. Detectors shall be constructed so that they will not cause external
ignitions when used in gaseous mine atmospheres.

Part 23 Telephones and Signaling Devices
Part 23.8 Inspection and Tests
(b) In addition, compartments of explosion-proof design will be tested while filled and surrounded with explosive
mixtures containing varying percentages of Pittsburgh natural gas2 and air, the mixture within the compartment
being ignited by a spark plug or other suitable means. For some of the tests bituminous-coal dust will be introduced
into the compartment in addition to the explosive mixtures, and the effects will be noted. A sufficient number of
tests will be made under the foregoing conditions to determine the ability of the compartment to retain flame
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without bursting. Even though the surrounding mixtures are not ignited, the compartment will not be considered as
having passed the tests, if flames are discharged from any joint or opening; if excessive pressures are developed or if
serious distortion of the compartment walls take place.

Part 27: Methane Monitoring Systems
Part 27.34 Test for Intrinsic Safety:
Assemblies, subassemblies, or components that are designed for intrinsic safety shall be tested by introducing into
the circuit(s) thereof a circuit-interrupting device which produces an electric spark from the current in the circuit.
The circuit-interrupting device shall be placed in a gallery containing various flammable natural gas-air mixtures. To
meet the requirements of this test, the spark shall not ignite the flammable mixture. For this test the circuitinterrupting device shall be operated not less than 100 times at 125 percent of the normal operating voltage of the
particular circuit.

Comparison between 30 CFR and UL 913
In general, UL 913 is more explicit and applies more stringent requirements for intrinsic safety. One could almost
label the intrinsic safety requirements in 30 CFR as “lax” compared to UL 913. By comparison, the requirements in
30 CFR are loosely defined, testing methods are not well defined, and acceptance criteria are somewhat vague.
Consider, for example, the clause in Part 18.68 (a)(1), which states
Further tests or requirements may be added at any time if features of construction or use or both indicate
them to be necessary. Some tests included in these requirements may be omitted on the basis of previous
experience.
No explanation is given as to what “further tests” might be or what defines the “basis of previous experience” by
which “some tests may be omitted.” In short, 30 CFR leaves a lot open for subjective interpretation by both
equipment manufacturers and certification agencies.
One major difference between 30 CFR and UL 913 is the issue of double faults: only single faults are considered in 30
CFR, whereas UL 913 has strict requirements for both single and double faults.
The rationale for why electrolytic capacitors should be able to withstand a test voltage of 1500 volts in Part 18.68
(a)(3)(iv) is not given. Clearly this requirement is based on 110 VAC line-operated considerations and would not
apply to battery-operated portable equipment.
After comparing 30 CFR and UL 913, one wonders if any explosions that have occurred in mines are a result of failure
of equipment that had been certified as intrinsically safe. No equivalent statement could be made regarding
explosions experienced by the fire service: to date no explosions have attributed to failure of intrinsically-safe
equipment certified under UL 913 (see discussion in Chapter 2).

J. ISA-RP12.12.03-2002 Recommended Practice for Portable Electronic
Products Suitable for Use in Class I and II, Division 2, Class I Zone 2 and Class
III, Division 1 and 2 Hazardous (Classified) Locations
ISA-RP12.12.03
ISBN: 1-55617-808-5
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This 26-page document was approved 10 May 2002 by ISA, the Instrumentation, Systems, and Automation Society.
The current version appears to be the 2011 edition4, which also has 26 pages and has virtually an identical table of
contents as the 2002 edition, with the addition of Chapter 9 entitled “Marking.” This document provides guidance
for handheld equipment such as cell phones that might be needed in a classified area.
The document defines Portable Electronic Products (PEP) as “battery powered or photovoltaic cell powered
apparatus that can be hand-held or that is intended for use while worn on a person’s body. The document further
distinguishes two types of such products: PEP1 (body worn portable electronic product, in direct contact with the
skin, that is deemed incapable of causing an ignition under normal conditions), and PEP2 (portable electronic
product that is deemed incapable of causing an ignition under normal conditions).
The document also describes a permit system referred to as a “Gas Free Work permit” that details a program for
allowing work involving potential ignition sources to be performed in a classified area by ensuring that the
atmosphere where the work is to be conducted does not contain an ignitable concentration of flammable gas or
vapors. The document mentions that it could be utilized in Class II locations.
Section 6 of ISA 12.12.03-2002 briefly describes the requirements for portable electronic products as follows:
6.1 General
PEP shall meet the following criteria:
a) Radio frequency energy transmission limited in accordance with 8.3
b) No provisions for forced ventilation
c) No sparks visible in normal operation
d) No excessive temperatures in normal operation
e) No camera flash unless it can be mechanically disabled
f) No motors unless it can be demonstrated the motor incorporates non-arcing technology
g) No visible damage
h) No available listed apparatus suitable for the area classification and capable of performing the
intended function
6.2 PEP 1
Products meeting the general criteria in 6.1 and all of the following additional criteria may be designated
as PEP 1:
a) Powered by a maximum of two button cells
b) Body-worn and in direct contact with the skin
c) No electrical connections accessible outside the product
Examples are electronic wristwatches and hearing aids that are inserted into the ears.

4

http://www.isa.org/Template.cfm?Section=Standards2&template=Ecommerce/FileDisplay.cfm&ProductID=11669&file=ACF78E
5.pdf
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6.3 PEP 2
Products meeting the general criteria in 6.1 and all of the following additional criteria may be designated
as PEP 2:
a) Powered by one or more cells, batteries, or photovoltaic cells
b) Cell or battery secured so it will not fall out in the drop test as described of 8.1
c) Body-worn or hand held
d) No external electrical connections or accessories are used in the hazardous (classified) location.
e) Exposed terminals (for example battery charging terminals) are either recessed or diode protected to
prevent a discharge caused by an accidental shorting of these terminals.
f) Power switch in accordance with 8.2
g) No damage that exposes the electrical/electronic circuitry as a result of the drop test described in 8.1
Examples are some calculators, some medical injection devices, electronic watches with calculators and
some cell phones.
Section 8 of ISA 12.12.03-2002 further provides for drop tests and a limit on RF energy:
8.1 Drop test
For PEP 2, the product shall be able to pass a drop test. The product (or a sample of the product) in the form
in which it is intended to be used, shall be dropped onto a horizontal concrete surface from a height of 2
meters (6 feet 6 inches). The test is repeated six times with the device being dropped in the six orientations
that are considered most likely to cause a failure. At the conclusion of the testing, the integrity of the case
shall not have been compromised, the battery shall not have fallen out or become disconnected, and the
device shall operate as intended.
8.2 Power on-off switches
Any product with a power on-off switch with contacts that directly interrupt battery current is not
acceptable for PEP 2 because the switch may cause an ignition-capable arc.
NOTE If the switch operator is not a maintained position device and requires the same action for on and off,
then it is likely to be an electronic switch. Generally electronic products use the electronic circuit type of
switch.
8.3 Radio frequency energy
The radiated radio frequency energy from a device, such as a radio or cell phone, is not considered an
ignition source if it is below the following limits:
a) 2 W maximum output averaged over 20 microseconds for Groups A and B and Group IIC
b) 3.5 W maximum output averaged over 100 microseconds for Group C and Group IIB
c) 6 W maximum output averaged over 100 microseconds for Group D and Group IIA
NOTE 1 Typical cell phones radiate under 2 W so their level of radio frequency radiation is acceptable for
PEP 2 products.
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NOTE 2 Work places are not immune to radio frequency interference or harmonics generated by electronic
products. Each site may require individual evaluation.
NOTE 3 These limits are based on the limits established in BS6656.
Table 1 summarizes the allowed use of portable products in classified locations.
Class Division Zone Portable products that may be used in the
classified location
a) PEP 1
I
2
2
b) PEP 2
c) Any product that is listed for use in the location
or
d) Any product when a gas free work permit is in
effect
a) PEP 1
II
2
NA
b) PEP 2
c) Any product that is listed for use in the location
or
d) Any product when a suitable work permit is in
effect; see Note 3 of 4.2
III 1
a) PEP 1
III
1 or 2
NA
b) PEP 2
c) Any product that is listed for use in the location
or
d) Any product when a suitable work permit is in
effect; see Note 3 of 4.25
I
1
0 or 1 a) Any product that is listed for use in the location
or
b) Any product when a gas free work permit is in
effect
a) Any product that is listed for use in the location
II
1
NA
or
b) Any product when a suitable work permit is in
effect; see Note 3 of 4.26
Table 1 of ISA-RP12.12.03-2002: Application of Portable Electronic Products

5

Section 4.2 defines “Gas Free Work Permit (GFWP)” as “a permit, resulting from approval by an authorized person
under the application of a defined documented management work process, stating that work involving potential
ignition sources may be performed in a hazardous (classified) location by ensuring that the atmosphere is free of
ignitible concentrations of flammable gases or vapors.”
There are only 2 notes in 4.2:
NOTE 1 Refer to NFPA 51B which provides provisions to prevent loss of life and property from fire or explosion as a
result of any work involving burning, welding, or similar operations that is capable of initiating fires or explosions.
NOTE 2 Gas free work permit may sometimes be referred to as a “Hot Work Permit.”
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ISA 12.12.03-2002 follows much of the larger ISA 12.12.01 document (which is more applicable to apparatus used in
fixed locations). ISA 12.12.03-2002 uses the same basic criteria of no explosions under “normal operation.”

K. ANSI/TIA-4950-2013 Requirements for Battery- Powered, Portable Land
Mobile Radio Applications in Class I, II, and III, Division 1, Hazardous
(Classified) Locations
The Telecommunications Industry Association6 published this 84-page document “in the interest of an urgent need
for technical information on operation of Land Mobile Radio products in Class I, II, and III Division 1 Hazardous
(classified) Locations. This document was developed in TR-8.21.” The Forward further states that
This document is being published to address the need for technical information related to the design,
manufacturing, and testing of battery-powered, Land Mobile Radios (LMR) equipment, typically either handcarried or worn on the person, that are designed and manufactured so that they are incapable of being a
source of ignition in Division 1 Hazardous (Classified) locations as defined in Article 500 of the National
Electric Code (NEC) NFPA – 70. This Standard relies heavily upon a contribution from Underwriters
Laboratories, Inc. These requirements are based upon sound engineering principles, research, records of
tests and field experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users, inspection authorities,
and others having specialized experience. They are subject to revision as further experience and
investigation may show is necessary or desirable.
ANSI/TIA-4950-2013 references the Fifth Edition of UL 913, dated February 21, 19977 and ANSI/NFPA 70-1987.

Purpose
The purpose of this document is to establish product design considerations for an intrinsically safe variation of
products that meet the traditional operating expectations for portable land mobile radios. While the Scope of this
standard defines this Standard’s intended use, users of this standard are encouraged to determine the applicability
of this standard to their own particular requirements.
This standard shall apply to battery-powered, portable two-way land mobile radios certified for use in the United
States by either the FCC (for non-Federal government users) or NTIA (for Federal government users), which are to be
used in areas designated hazardous (classified) as Class I, Class II, or Class III, Division 1 as defined in clause 500.5.
NOTE: Clause 500.8 (B) references use of equipment that has been identified for
NOTE: Clause 500.8 (B) references use of equipment that has been identified for a Division 1 location as eligible for
use in a Division 2 location. Protection against explosion afforded by these specifications is relevant to land mobile
radios within which the electronics and circuits are incapable of causing an explosion in a surrounding explosive
environment.
This Standard includes thirty-eight (39) Clauses and one (1) Annex.
Clauses 1 through 38 are normative.
Clause 39 (Annex A) is informative.
6

Telecommunications Industry Association, Technology & Standards Department, 1320 N. Courthouse Road, Suite
200, Arlington, VA 22201 USA, +1.703.907.7700, www.tiaonline.org
7

UL 913 Standard For Safety For Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III, Division 1,
Hazardous (Classified) Locations, UL 913 Fifth Edition Dated February 21, 1997, ISBN 0-7629-0129-2
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Clause 1 provides the Scope of this standard, the document revision history, identifies normative and
informative references, and provides a listing of terms and acronyms used throughout this Standard.
Clauses 2 through 38 integrate UL 913 Revision 5 as part of this standard.
Clause 39 (Annex A) provides additional explanatory information to a given clause or sub-clause. An asterisk
(i.e. “*”) following a clause or subclause number signifies that explanatory material relevant to that clause or
sub-clause follows in Annex A.
Sections in the document body with asterisks indicate related informative text in Annex A. For example, the
asterisk right next to “1.1” indicates additional information in Annex A under a corresponding “A1.1”.

Differences from UL 913 Sixth Edition
One of the major differences from the requirements of UL 913 Sixth
Condition
“ia” Circuit “ib” Circuit
Edition as used in the current PASS Standard (NFPA 1982) is the Test No Fault
1.5
1.5
Factor (Table 2-6, repeated here). The Test Factor for No Fault and Single Single Fault
1.5
1.5
Fault Conditions is 1.22 rather than 1.5. Otherwise there appears to be Double Fault
1.0
N/A
little difference between this document and the Sixth Edition of UL 913.
Table 2-6. Test Factor from
For example, the same eight graphs (Figures 8.1 through 8.8 in UL 913,
UL 913 Sixth Edition
Sixth Edition) are included for the comparison method. Similarly,
parameters such as Maximum Internal Capacitance and Maximum Internal Inductance are used and are defined in
substantially the same way. Control Drawings are specified in the same manner. While this project did not
undertake a detailed, line-by-line comparison between ANSI/TIA-4950 and UL 913 Sixth Edition, only the difference
in Test Factors described above was noticed.

L. Summary and Conclusions
Division 1 Locations
The first standard in the U.S. to identify hazardous environments and to list techniques to mitigate risk appears to be
NFPA 70 National Electric Code, which was first adopted in 1897. The first standard to formulate the requirements
for design, fabrication, and testing of systems to the level of intrinsic safety for use in hazardous environments is
NFPA 493 Intrinsically Safe Apparatus for use in Division 1 Hazardous Locations which was in adopted in 1969. After
1982, NFPA 493 was replaced by ANSI/UL 913 Intrinsically Safe Apparatus and Associated Apparatus for Use in Class
I, II, and III, Division 1, Hazardous (Classified) Locations.
The first requirement for intrinsic safety for electronic safety equipment carried by first responders is found in NFPA
1982 Standard of Personal Alert Safety Systems (PASS) for Fire Fighters. The first edition of NFPA 1982 was adopted
in 1983 and references NFPA 493 for intrinsic safety requirements. The current (2013) version of NFPA 1982
references the 6th Edition of ANSI/UL 913.
Systems certified for use in Division 1 locations are acceptable for all Division 2 hazardous locations.

Division 2 Locations
Requirements for hazardous locations at a level below intrinsic safety are identified in ISA-12.12.01 Nonincendive
Electrical Equipment for Use in Class I and II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Classified)
Locations. Although nonincendive techniques are designed to accomplish a similar function as intrinsic safety (i.e.,
prevent an explosion in a combustible atmosphere), the level of protection afforded by the nonincendive techniques
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is drastically reduced from the level of intrinsic safety. This issue will be more fully discussed in subsequent chapters,
particularly regarding the hazard analysis.

Questions from Proposal
The proposal for this project identified a number of questions that was to be answered by the literature review. This
section provides those answers.
1. Can the probability of device fault or presence of combustible materials be quantified?
None of the documents reviewed gave any insight into quantitative probabilities. The requirements for
intrinsic safety certification in NFPA 493 and UL 913 do not discuss probabilities. The distinction between
Division 1 and Division 2 locations from NFPA 70 focuses on the probability of certain materials being
present but only in qualitative terms.
2. Can a low probability of a hazard be sufficient to compensate for the extra fault allowed by Div. 2?
Certainly the probability of a hazard (i.e., the probability that the atmosphere is combustible) affects the
probability that an explosion will occur. However, because of the significant difference in safety levels
between intrinsic safety (Division 1) and nonincendive (Division 2) techniques, this issue should be examined
very carefully. This subject will be included in the subsequent tasks of defining the hazardous environment
and performing the hazard analysis and will be further reported in the following chapters of this report.
3. Can operating procedures reduce probabilities of explosions (e.g., don’t use non-intrinsically-safe radios,
especially cell phones, in an atmosphere known or suspected to be combustible or flammable)? None of the
cited documents provide any insight into this issue. This issue will be more fully examined during the hazard
analysis phase of this project.
4. Are there other considerations (e.g., energy levels) that would help distinguish Div. 1 and Div. 2? The
primary distinction between Division 1 and Division 2 involves the probability of the combustible/flammable
materials being present. Nothing was discovered in the literature to further distinguish Division 1 and
Division 2.
5. Can the probability of explosive atmospheres being present be gleaned from the literature (for the Hazard
Analysis)?
As noted above, the probability of certain materials being present is only discussed in qualitative terms in
the cited references. Furthermore, these documents assume that the reader is already aware of the
probability based on the prior classification of the location.
6. Have any close calls or actual explosions been attributed to IS issues (NFIRS, NIOSH-FFFIPP, FF Near-Miss)?
As more fully discussed in the next chapter, Dr. Rita Fahy, Manager of the NFPA Fire Data Bases and
Systems, provided information to the Intrinsic Safety Task Group for PASS devices, which was established by
the Electronic Safety Equipment Technical Committee. A report on approximately 40 LODDs involving
explosions during emergency operations or training between 1977 and 2009 found no case where an
explosion was directly attributed to equipment carried by firefighters.
7. Can similar applications (particularly mining) provide probabilities for device faults or presence of
combustible materials?
Chapter 30 of the Code of Federal Regulations applies to the Mine Safety and Health Administration. 30CFR
requires devices to be certified as intrinsically safe for mine operations. However, the requirements for
design, fabrication, and testing to ensure certification are significantly reduced compared to ANSI/UL. In
particular, the requirements are loosely defined, testing methods are not well defined, and acceptance
criteria are somewhat vague. Furthermore, 30CFR provides no information on probabilities for either device
faults or presence of combustible materials.
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Chapter 3. Current NFPA Requirements for
Electronic Safety Equipment
Table 3-1 shows the four types of electronic safety equipment that are currently covered by NFPA standards,
including NFPA 1800, the draft umbrella document for all other ESE. PASS and SCBA have the same level of IS
protection due to coordination between the 1981 and 1982 Technical Committees. The ESE TC is currently drafting
NFPA 1802 for Land Mobile Radios (LMR) and IS protection levels are not yet defined. The Telecommunications
Industry Association TIA-4950-2013 standard for LMRs is also shown.

PASS
SCBA

NFPA
Standard
1982-7.6
1981-6.1.8

TIC

1801-7.1.4

ESE
LMR

1800-7.2.1
TIA-4950

Device

Level of Protection
Class I (Gases, Vapors, or Liquids)
Class II (Dusts)
Group
Group
Temp
A
B
C
D
E
F
G
Code
Acetylene Hydrogen Ethylene Propane
Metal
Coal Grain
1
1
1
1
1
1
1
1
1
1
T3,T4,
2
2
T5,T6
2
2
2
2
2
8
1
1
1

Temp
Code

Class III
(Fibers,
Flyings)

-

-

-

-

165°C

2
1

Table 3-1. Divisions and Temperature Codes for ESE

A.

NFPA 1982 (PASS) Intrinsic Safety Task Group

The issue of Div. 1 vs. Div. 2 arose during the most recent NFPA 1982 PASS Standard revision cycle, with one
manufacturer requesting the reduction to Div. 2 for intrinsic safety requirements. To resolve this issue, a special IS
Task Group (TG) was established; this author was appointed chairman of the TG. Two main issues were considered:
(1) performance improvements that might be realized by the change, and (2) decrease in safety that might result.
The goal was to have a quantitative comparison to the extent possible. The PASS manufacturers provided circuit
analyses and test results on performance parameters, including power dissipation, battery life, size, weight, audio
output level, maximum range, and transmit power (for RF PASS). Eleven different products were considered. The
results indicated that only a marginal improvement in performance would occur (typically 0 to 30%, with most in the
0 to 20% range), whereas a significant reduction in safety could also occur. Even though the TG did not have hard
numbers on fault probabilities, the ESE Committee made a judgment call to keep the IS certification level at Div. 1
for PASS Devices.
The TG also requested the help of Dr. Rita Fahy, Manager of the NFPA Fire Data Bases and Systems, to help
determine if the available literature could answer these questions:
1. On average, how many emergency responses throughout the U.S. during a year involve explosive or
potentially explosive atmospheres?
2. Has any injury or line-of-duty death (LODD) in the past been attributed to an explosion, even if not
connected with IS issues?
3. Have any explosions been attributed to devices that were certified intrinsically safe?
8

Applies to both propane and methane.
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According to Dr. Fahy, data on the number of emergency responses does not generally distinguish explosive
atmospheres from other types of hazardous environments. However, one can make a rough estimate of the number
of explosive or potentially explosive atmospheres by noting that in 20119 there were 30,098,000 total calls of which
1,100,000 involved hazardous materials or conditions that could potentially have produced an explosion.
Dr. Fahy also provided numerous fire investigation reports and incident summaries for explosion deaths. She also
provided links to the NIOSH Fatality Investigation and Prevention Program report on LODDs due to explosions. Dr.
Fahy also generated a short report from NFPA data on approximately 40 explosions involving LODDs during
emergency operations or training between 1977 and 2009. While the cause of the explosion was not determined in
several instances, no explosion was directly attributed to equipment carried by firefighters.

B. NFPA 1982 Standard on Personal Alert Safety Systems (PASS)
Section 7.6 of the current (2013) Edition of NFPA 1982 states:
PASS shall be tested for intrinsic safety as specified in ANSI/UL 913, Standard for Intrinsically Safe Apparatus and
Associated Apparatus for Use in Class I, II, and III, Division 1 Hazardous (Classified) Locations, and shall meet the
requirements for Class I, Groups C and D, and Class II, Groups E, F, and G, Division 1 hazardous locations.

C. NFPA 1981 Standard for Open Circuit Self-Contained Breathing Apparatus
The Respiration Protection Technical Committee (which is responsible for NFPA 1981) asked the Electronic Safety
Equipment Technical Committee (which is responsible for NFPA 1982) for recommendations regarding intrinsic
safety. After completion of the work by the IS Task Group (described above), the ESE Committee voted to leave the
intrinsic safety requirements at the Division 1 level (thereby using the 6th Edition of UL 913 for NFPA 1982). The
Respiration Protection Committee followed suit and voted to have the IS requirements for the SCBA match those of
the PASS device. Section 6.1.8 states:
All electric circuits integral to an SCBA or to any SCBA accessories shall be certified to the requirements for Class
I, Groups C and D; Class II, Groups E, F, and G, Division 1 hazardous locations specified in ANSI/UL 913, Standard
for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III, Division 1 Hazardous
(Classified) Locations.

D. NFPA 1801 Standard on Thermal Imagers for the Fire Service
During deliberations by the Electronic Safety Equipment Technical Committee in the drafting of NFPA 1801, several
manufacturers argued that some of the technical requirements could not be met if the safety level for hazardous
environments was set at the same level as the PASS device (as in NFPA 1982) and the SCBA (as in NFPA 1981). As an
alternative, a proposal was made that thermal imaging cameras (TICs) meet the nonincendive requirements of ISA
12.12.0110 rather than the intrinsic safety requirements of UL 913; i.e., meeting the requirements for Division 2
rather than for Division 1. One of the arguments focused on the distinction between SCBA/PASS and TICs. SCBAs and
PASS devices are required to be operational on every firefighter entering a hazardous environment; in contrast, TICs
would not be required or used in every situation. The ESE Committee voted to approve the nonincendive
requirements rather than the intrinsic safety requirements but noted that users should be made aware of the

9

“Fire Department Calls,” from “Fire Loss in the United States 2011,” M. H. Karter, Jr., September 2012, provided by Dr. R. Fahy,
Manager, Fire Data Bases and Systems, Fire Analysis and Research Division, NFPA
10
ISA 12.12.01-2007 Nonincendive Electrical Equipment for Use in Class I and II, Division 2 and Class III, Divisions 1 and 2
Hazardous (Classified) Locations
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reduced safety level. Clearly firefighters should be advised to avoid using a TIC in a combustible atmosphere. It
should also be noted that a TIC is often used during an active fire, in which case a source of ignition is already
present.
Section 7.1.4 of the current (2013) Edition of NFPA 1801 states:
Thermal imagers shall be tested for listing to ANSI/ISA-12.12.01 Nonincendive Electrical Equipment for Use in
Class I and II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Classified) Locations, and shall meet the
requirements for at least Class I, Division 2, Groups C and D hazardous locations and with a Temperature Class of
T3 or T4 or T5 or T6. For the purpose of the impact test referenced in 15.4 of ANSI/ISA 12.12.01, NFPA 1801 shall
be considered the applicable standard for products in unclassified locations.

E. NFPA 1800 Standard on Electronic Safety Equipment for Emergency
Services
The Electronic Safety Equipment Technical Committee is responsible for NFPA 1800, the umbrella document for all
electronic safety equipment that is not otherwise covered by other NFPA standards. The current version is draft 9
dated 23 January 2006 and is not yet a full NFPA standard.
Section 2.3.5 references the 5th (1997) edition of UL 913.
Section 7.1.19 states:
ESE shall be tested for intrinsic safety as specified in ANSI/UL 913, Standard for Intrinsically Safe Apparatus and
Associated Apparatus for Uses in Class I, II, and III, Division 1 Hazardous Locations, and shall meet the
requirements for Class I, Class II, and Class III, Division 1, Groups C, D, E, F, and G hazardous locations.
Section 7.2.16 further states:
ESE shall be tested for intrinsic safety as specified in ANSI/UL 1604, Standard for Intrinsically Safe Apparatus and
Associated Apparatus for Use in Class I, II, and III, Division 1 Hazardous Locations, and shall meet the
requirements for Class I, Class II, and Class III, Division 2, Groups C, D, E, F, and G hazardous locations.

F. NFPA 1802 Standard on Land Mobile Radios
The Electronic Safety Equipment Technical Committee is responsible for NFPA 1802, the standard for portable radios
carried by firefighters. A draft version is still in process and is not yet a full NFPA standard. To date, there is no draft
text on intrinsic safety.

G. ANSI/TIA-4950-2013 Requirements for Battery- Powered, Portable Land
Mobile Radio Applications in Class I, II, and III, Division 1, Hazardous
(Classified) Locations
The TIA standard for LMRs is more fully discussed in the previous chapter. This standard is based on UL 913 Fifth
Edition (1997).
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Chapter 4. Hazardous Environments
The classification of hazardous environments used in NFPA 70 National Electrical Code is used for virtually all of the
various standards, including those by NFPA, ANSI, ISA, and UL. There would be no obvious benefit in deviating from
this approach. The Literature Review (Chapter 1) provides a preliminary description of the hazardous environments,
and this chapter will elaborate further.

A. General Classification of Hazardous Environments
Article 500 of NFPA 70 identifies hazardous atmospheres by Classes and sub-classes (called “Groups”) based on
materials that may be present. The three Classes of environments are based on the type of materials present: Class
I, flammable gases, vapors, or liquids; Class II, combustible dusts; Class III, ignitible fibers and flyings. Class I is further
subdivided into Groups based on increasing energy required for ignition by a spark: A, acetylene; B, hydrogen; C,
ethylene; and D, propane. Class II is similarly subdivided into Groups based on type of dust: E, metal; F, coal; and G,
grain. Class III environments are not subdivided by Groups.
Class I and Class II environments can be specified in terms of fourteen Temperature Codes (T-Codes). These T-Codes
define maximum surface temperatures from 85°C to 450°C for thermal ignition of the atmosphere. For Class III there
are no T-Codes and the maximum temperature for equipment is 165°C (or 120°C if it can be overloaded).
Article 500 further defines two categories of environments (called “Divisions”) based on the probability of these
materials being present. Class I and Class II are split into Divisions based on the following criteria: Division 1, all or
some of the time under normal operating conditions; and Division 2, likely not to exist under normal operating
conditions. Class III is split into Divisions based on slightly different criteria: Division 1, easily ignitible fibers or
materials producing combustible fibers are handled, manufactured or used; and Division 2, easily ignitible fibers are
stored or handled other than in the process of manufacture. Article 500 provides typical examples of locations that
would be classified according to particular Classes and Divisions, which can help to clarify classifications in
ambiguous situations.
Table 4-1 summarizes how hazardous environments are classified in terms of Classes (I-III), Groups (A-G),
Temperature Codes, and Divisions (1-2) based on the method of NFPA 70 National Electrical Code.
Class
Group
T-Code
Division

Class I
Class II
Gases, Vapors, or Liquids
Dusts
A
B
C
D
E
F
G
Acetylene Hydrogen Ethylene Propane
Metal
Coal
Grain
14 T-Codes from 85°C to 450°C
14 T-Codes from 85°C to 450°C
Div. 1 or Div. 2
Div. 1 or Div. 2
Table 4-1. Classification of Hazardous Environments as in NFPA 70

Class III
Fibers, Flyings
No Groups
No T-Codes
Div. 1 or Div. 2

B. Class I Locations
Consider Class I locations, which are defined in Article 500.5(B) as:
Class I locations are those in which flammable gases, flammable liquid–produced vapors, or combustible
liquid–produced vapors are or may be present in the air in quantities sufficient to produce explosive or
ignitible mixtures. Class I locations shall include those specified in 500.5(B)(1) and (B)(2).
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Thus NFPA 70 makes a general statement to define a Class I location based on materials that “are or may be
present.”

Class I, Division 1 Locations
Article 500 further defines two categories of environments (called “Divisions”) based on the probability of these
materials being present. However, the probabilities involved are only described in general terms. Specifically, Article
500.0(B)(1) defines Class I Division 1 as:
A Class I, Division 1 location is a location
(1) In which ignitible concentrations of flammable gases, flammable liquid–produced vapors, or
combustible liquid–produced vapors can exist under normal operating conditions, or
(2) In which ignitible concentrations of such flammable gases, flammable liquid–produced vapors, or
combustible liquids above their flash points may exist frequently because of repair or maintenance
operations or because of leakage, or
(3) In which breakdown or faulty operation of equipment or processes might release ignitible
concentrations of flammable gases, flammable liquid–produced vapors, or combustible liquid–
produced vapors and might also cause simultaneous failure of electrical equipment in such a way as
to directly cause the electrical equipment to become a source of ignition.
The document adds the following examples:
International Note No. 1: This classification usually includes the following locations:
(1) Where volatile flammable liquids or liquefied flammable gases are transferred from one
container to another
(2) Interiors of spray booths and areas in the vicinity of spraying and painting operations where
volatile flammable solvents are used
(3) Locations containing open tanks or vats of volatile flammable liquids
(4) Drying rooms or compartments for the evaporation of flammable solvents
(5) Locations containing fat- and oil-extraction equipment using volatile flammable solvents
(6) Portions of cleaning and dyeing plants where flammable liquids are used
(7) Gas generator rooms and other portions of gas manufacturing plants where flammable gas may
escape
(8) Inadequately ventilated pump rooms for flammable gas or for volatile flammable liquids
Experience has demonstrated the prudence of avoiding the installation of instrumentation or other
electrical equipment in these particular areas altogether or where it cannot be avoided because it is
essential to the process and other locations are not feasible [see 500.5(A), Informational Note] using
electrical equipment or instrumentation approved for the specific application or consisting of intrinsically
safe systems as described in Article 504.
Thus NFPA 70 provides examples of locations that might be categorized as Class I Division 1 but makes no strict
criteria concerning either the probability of the material being present or what concentrations of the material might
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be present. The standard clearly provides guidance but leaves it up to the user to determine the hazardous
classification of the location.
NFPA 70 is often interpreted as saying that the presence of the combustible material is required under “normal
operating conditions” for Division 1 locations. For example, UL brochure 332 2.5/M/4/11 BDI 110318 entitled “UL
Hazardous Locations Services” states that Division 1 locations are those “where ignitable concentrations of
flammable gases, vapors or liquids can exist all of the time or some of the time under normal operating conditions.”
However, it must be understood that according to NFPA 70 this would include not only “normal operating
conditions” as in Article 500.0(B)(1)(1) but also repairs, maintenance operations, and leakage as in Article
500.0(B)(1)(2) as well as breakdown or faulty operation of equipment or processes as in Article 500.0(B)(1)(3). Thus
the term “normal operating conditions” should be interpreted to include such things as unexpected leaks and
system failures. In essence, NFPA 70 implies that if it is possible to have flammable gases, liquids, or vapors present
in a combustible concentration under almost any condition, then the location should be categorized as Class I
Division 1.

Class I, Division 2 Locations
Article 500.5(B)(2) defines Class I Division 2 as follows:
A Class I, Division 2 location is a location
(1) In which volatile flammable gases, flammable liquid–produced vapors, or combustible liquid–
produced vapors are handled, processed, or used, but in which the liquids, vapors, or gases will
normally be confined within closed containers or closed systems from which they can escape only in
case of accidental rupture or breakdown of such containers or systems or in case of abnormal
operation of equipment, or
(2) In which ignitible concentrations of flammable gases, flammable liquid–produced vapors, or
combustible liquid–produced vapors are normally prevented by positive mechanical ventilation and
which might become hazardous through failure or abnormal operation of the ventilating equipment,
or
(3) That is adjacent to a Class I, Division 1 location, and to which ignitible concentrations of
flammable gases, flammable liquid–produced vapors, or combustible liquid–produced vapors above
their flash points might occasionally be communicated unless such communication is prevented by
adequate positive-pressure ventilation from a source of clean air and effective safeguards against
ventilation failure are provided.
Informational Note No. 1: This classification usually includes locations where volatile flammable liquids or
flammable gases or vapors are used but that, in the judgment of the authority having jurisdiction, would
become hazardous only in case of an accident or of some unusual operating condition. The quantity of
flammable material that might escape in case of accident, the adequacy of ventilating equipment, the total
area involved, and the record of the industry or business with respect to explosions or fires are all factors
that merit consideration in determining the classification and extent of each location.
Informational Note No. 2: Piping without valves, checks, meters, and similar devices would not ordinarily
introduce a hazardous condition even though used for flammable liquids or gases. Depending on factors
such as the quantity and size of the containers and ventilation, locations used for the storage of flammable
liquids or liquefied or compressed gases in sealed containers may be considered either hazardous (classified)
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or unclassified locations. See NFPA 30-2008, Flammable and Combustible Liquids Code, and NFPA 58-2011,
Liquefied Petroleum Gas Code.

C. Class II Locations
Article 500.5(C) defines Class II locations as:
Class II locations are those that are hazardous because of the presence of combustible dust. Class II locations
shall include those specified in 500.5(C)(1) and (C)(2).

Class II, Division 1 Locations
Article 500.5(C)(1) defines Class II, Division 1 locations as:
A Class II, Division 1 location is a location
(1) In which combustible dust is in the air under normal operating conditions in quantities sufficient
to produce explosive or ignitible mixtures, or
(2) Where mechanical failure or abnormal operation of machinery or equipment might cause such
explosive or ignitible mixtures to be produced, and might also provide a source of ignition through
simultaneous failure of electrical equipment, through operation of protection devices, or from other
causes, or
(3) In which Group E combustible dusts may be present in quantities sufficient to be hazardous.
Informational Note: Dusts containing magnesium or aluminum are particularly hazardous, and the use of
extreme precaution is necessary to avoid ignition and explosion.

Class II, Division 2 Locations
Article 500.5(C)(2) defines Class II, Division 2 locations as:
A Class II, Division 2 location is a location
(1) In which combustible dust due to abnormal operations may be present in the air in quantities
sufficient to produce explosive or ignitible mixtures; or
(2) Where combustible dust accumulations are present but are normally insufficient to interfere
with the normal operation of electrical equipment or other apparatus, but could as a result of
infrequent malfunctioning of handling or processing equipment become suspended in the air; or
(3) In which combustible dust accumulations on, in, or in the vicinity of the electrical equipment
could be sufficient to interfere with the safe dissipation of heat from electrical equipment, or could
be ignitible by abnormal operation or failure of electrical equipment.
Informational Note No. 1: The quantity of combustible dust that may be present and the adequacy of dust
removal systems are factors that merit consideration in determining the classification and may result in an
unclassified area. Informational Note No. 2: Where products such as seed are handled in a manner that
produces low quantities of dust, the amount of dust deposited may not warrant classification.
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D. Class III Locations.
Article 500.5(D) defines Class II locations as:
Class III locations are those that are hazardous because of the presence of easily ignitible fibers or where
materials producing combustible flyings are handled, manufactured, or used, but in which such fibers/flyings
are not likely to be in suspension in the air in quantities sufficient to produce ignitible mixtures. Class III
locations shall include those specified in 500.5(D)(1) and (D)(2).

Class III, Division 1 Locations
Article 500.5(D)(1) defines Class III Division 1 locations as:
A Class III, Division 1 location is a location in which easily ignitible fibers/flyings are handled, manufactured,
or used.
Informational Note No. 1: Such locations usually include some parts of rayon, cotton, and other textile mills;
combustible fibers/flyings manufacturing and processing plants; cotton gins and cotton-seed mills; flaxprocessing plants; clothing manufacturing plants; woodworking plants; and establishments and industries
involving similar hazardous processes or conditions.
Informational Note No. 2: Easily ignitible fibers/flyings include rayon, cotton (including cotton linters and
cotton waste), sisal or henequen, istle, jute, hemp, tow, cocoa fiber, oakum, baled waste kapok, Spanish
moss, excelsior, and other materials of similar nature.

Class III, Division 2 Locations
Article 500.5(D)(2) defines Class III Division 2 locations as:
A Class III, Division 2 location is a location in which easily ignitible fibers/flyings are stored or handled other
than in the process of manufacture.
Like the case of Class I above, NFPA 70 provides examples and fairly loose definitions for both Class II and Class III
locations. Thus the decision as to what classification to use for a particular location can be quite subjective unless
the atmosphere is combustible most of the time (in which case it would definitely be Division 1). With regard to
electronic safety equipment carried by first responders entering an unknown environment, neither the existing
standards nor the available literature seem to provide clear guidance on the Division 1 vs. Division 2 dilemma.
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Chapter 5. Framework of ESE Needs
This chapter discusses the various types of electronic safety equipment used by first responders and how they may
be affected by the need for nonincendive or intrinsic safety certification. The equipment is first assigned to one of
two categories based on whether or not it is carried into the area sometimes described as “immediately dangerous
to life or health” (IDLH) or the “hot zone”. The tacit assumption is that the hazardous location classification of NFPA
70 used in all of the intrinsic safety and nonincendive standards refers primarily to the IDLH area and not to the
surrounding environment. Thus the safety requirements would apply primarily to that equipment that would
normally be carried into and used inside the IDLH area.
It should be noted, however, that equipment intended to be used in the area immediately surrounding an IDLH area
might be close enough to the hazardous location to cause an explosion, for example at the scene of a large gas leak
or due to changing conditions at the scene. As another example, a decontamination unit with emergency medical
equipment such as a defibrillator may be positioned just outside a building. Such equipment might also be
intentionally carried into the IDLH area under unusual circumstances, such as a defibrillator carried to a trapped or
disabled firefighter in a refinery. Intrinsic safety or nonincendive requirements should extend to this equipment.
Other equipment might be inadvertently carried into the IDLH area—cell phones, pagers, and personal flashlights
being prime examples. The intrinsic safety and nonincendive requirements should also apply to such devices.
Electronic safety equipment carried by first responders into the IDLH area is similarly assigned to one of two
categories depending on whether or not it is permanently attached to an SCBA or to the turnout gear. This
distinction is made because permanently-attached equipment will always go into a hazardous location, whereas
portable equipment may or may not go into the hazardous location depending on the particular circumstances at
the scene; such consideration may influence intrinsic safety or nonincendive requirements.
Electronic safety equipment normally used outside the IDLH area is similarly assigned to one of two categories
depending on whether it is permanently attached to a vehicle or is portable. The intrinsic safety and nonincendive
requirements for equipment attached to a vehicle would depend on whether the vehicle would be close enough to
the hazardous location to cause an explosion. On the other hand, portable equipment may not be intended to be
used inside the IDLH area but may be carried into the area under unusual circumstances, EMS equipment being a
prime example. Such consideration would influence the intrinsic safety and nonincendive requirements. Note that
some of the equipment—particularly saws and drills—may not be capable of nonincendive or intrinsic safety
certification due to the possibility that the cutting element may generate excessive heat or sparks if used on certain
materials; for example, a circular saw being responsible for causing an explosion when used to cut open an empty
gasoline storage tank11.

A. ESE Carried by First Responders into IDLH Area
Equipment Integral to SCBA and Turnout Gear
Table 5-1 lists electronic safety equipment that would be considered integral to the self-contained breathing
apparatus (SCBA) and the first responder’s turnout gear. In some cases, the distinction between separate pieces of

11

“A Study of Storage Tank Accidents,” J. I. Chang, C. C. Lin, Journal of Loss prevention in the Process Industries,
http://www.sciencedirect.com/science/article/pii/S0950423005000641
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equipment has become blurred as technology has improved and multiple functions have become integrated into
single devices.
Category
SCBA Subsystem

Equipment
Low air alarm, end-of-service-time
(ESTI) alarm
Heads-up-display (HUD)

Function
Warn user of low air supply

LED/LCD indicators for alarms, system status,
evacuate command
Pressure monitor
Measure air pressure, monitor remaining air
supply
Voice amplifier
Audible communication with nearby first
responders
Integrated PASS
Emit a signal to summon aid if user becomes
Options: RF telemetry, environmental incapacitated on needs assistance12.
sensors (temperature, heat overload)
Communications Interface (e.g., MSA Wireless or wired link between helmet and radio
Clear Command13 system and Scott (LMR)
Epic14 system).
SCBA Accessory
Stand-alone PASS
Emit an audible alarm signal to summon aid in the
Options: RF telemetry, environmental event the fire fighter becomes incapacitated or
sensors (temperature, heat overload, needs assistance15
etc.)
Telemetry system
Communicate status/alarms with Incident
Command
Accountability system
Provide status of responder to Incident Command
Biometric monitor (e.g., the DHS Monitor biometric status of user
PHASER16 system and Globe WASP17
system)
Heating/cooling
Thermoelectric cooler, heaters for Assist in maintaining body temperature in high or
systems
gloves, boot body (in cold climates)
low temperature environments
Tracking, location, GPS system
Determine location (esp. when outside buildings)
navigation system
Pathfinder18 system by Summit Safety
Beacon component for transmitting homing signal

12

NFPA 1982 Standard on Personal Alert Safety Systems (PASS)
http://www.msanet.com/emessage/pdf%20files/3639-01-ClearCommHCS.pdf
14
https://www.scottsafety.com/en/us/pages/ProductDetail.aspx?productdetail=EPIC+RI+Wireless+Communication+Device
15
ANSI/NFPA 1982 Personal Alert Safety Systems (PASS) for Fire Fighters, 1983 Edition
16
http://www.dhs.gov/where-there%E2%80%99s-smoke-theres-signal ; http://www.wpi.edu/Images/CMS/ECE/Jalal_MaparKeynot_Speaker.pdf
17
http://firechief.com/tracking-and-accountability/wearable-firefighter-tracking-system-comes-market ;
http://www.globeturnoutgear.com/news/2/27/Globe-WASP-Project-Wearable-Advanced-Sensor-Platform ;
http://www.globeturnoutgear.com/innovations/wasp
18
http://www.summitsafetyinc.com/index.html http://www.honeywellfirstresponder.com/enus/pages/Product.aspx?category=SCBA&cat=HLS-HFRP&pid=SCBARescAcc
http://www.summitsafetyinc.com/products/isi/role.html
13
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Tracking system (e.g., the DHS Beacon component for transmitting homing signal
GLANSER19 system)
PakTracker20 system by Scott Health & Beacon component for transmitting homing signal
Safety
Table 5-1. Electronic Safety Equipment Permanently Attached to SCBA or Turnout Gear

Portable Equipment
Table 5-2 lists electronic safety equipment that would be considered portable and intended to be used in the
hazardous location.
Category
Imaging

Environmental
sensors

Measurement
systems

Communication

Equipment
Thermal imaging camera (TIC)

Function
See through smoke, locate source of fire, locate
hot spots in walls, locate victims during rescue
operations
Video camera
Document fire/rescue activities (esp. hazmat
teams)
Digital camera
Document fire/rescue activities
Thru-the-wall imagers (e.g., UWB or Locate victims through walls
terahertz systems)
Fiber optic system
Inspect closed spaces
Gas detection system (propane, Detect presence and concentration of particular
methane,
oxygen,
hydrocarbons, gases or groups of gases. Numerous sensor
carbon monoxide, combustible gas, technologies (e.g., electrochemical, combustion
sulfur, etc.)
chamber)
Radiological/nuclear detection system Detect presence and emission level of
(alpha, beta, gamma particles, X-rays)
radiological or nuclear materials
Chemical/biological detection system Detect presence and concentration of specific
(e.g., poisonous gas detection)
classes of chemical or biological materials
Flashover detector
Warn of impending flashover
Backdraft detector
Warn or possibility of backdraft
Temperature, pressure monitoring Monitor environmental conditions surrounding
systems
user
Total station (theodolite plus distance Monitor
structural
stability,
collapse
meter)
prediction/detection
Structural collapse detection system Monitor
structural
stability,
collapse
21
(e.g., DHS system)
prediction/detection. May be based on
ultrasound, lasers, radar
Land mobile (portable) radio (LMR)
Communicate with other responders and/or
Incident Command

19

http://www.dhs.gov/where-there%E2%80%99s-smoke-theres-signal ; http://www.wpi.edu/Images/CMS/ECE/Jalal_MaparKeynot_Speaker.pdf
20
https://www.scottsafety.com/en/us/pages/ProductDetail.aspx?ProductDetail=PakTracker%20Firefighter%20Locator%20System
21
http://www.sbir.gov/solicitations/hshqdc-13-r-00032
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Pager (e.g., Minitor22, personal pager)
Cell phone

Receive alerts from Incident Command
Often used when regular radio (LMR) not working
properly
Robotic devices
Inspect hazardous location without personnel
Lighting
Flashlight (portable, helmet mounted, Improve visibility
etc.)
Tracking, location, Summit Safety Pathfinder23 system
Tracker for locating Beacon (carried by rescue
navigation system
team)
24
PakTracker system by Scott Health & Tracker for locating homing beacon (carried by
Safety
rescue team)
Tools
PPV fan (esp. battery operated)
Positive-pressure ventilation of structure
Rescue equipment
Drills
Create holes, drive screws
Jacks
Lift structural members to extricate victims
Extrication tools (e.g., Hurst Jaws of Assist in freeing trapped victims
Life25)
Listening systems
Locate victims beneath rubble
Saws
Sawsall
Ventilation, structural removal
Circular saw (esp. battery operated or Ventilation, structural removal
110VAC powered)
Table 5-2. Portable Electronic Safety Equipment Intended for use in Hazardous Locations

B. ESE Used outside IDLH Area
Table 5-3 lists equipment that would be permanently attached to vehicles at an emergency scene.

22

Portable, analog, receive-only, voice pager http://www.motorolasolutions.com/US-EN/Business+Product+and+Services/TwoWay+Radios+and+Pagers+-+Business/Pagers/MINITOR+V_US-EN
23
http://www.summitsafetyinc.com/index.html http://www.honeywellfirstresponder.com/enus/pages/Product.aspx?category=SCBA&cat=HLS-HFRP&pid=SCBARescAcc
http://www.summitsafetyinc.com/products/isi/role.html
24
https://www.scottsafety.com/en/us/pages/ProductDetail.aspx?ProductDetail=PakTracker%20Firefighter%20Locator%20System
25
http://www.jawsoflife.com/
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Equipment attached to Vehicles
Category
Communication

Alarms
Lights

Navigation
Battery charging
systems
Miscellaneous

Equipment
Base radio
PA system
Intercom
Sirens (mechanical, electrical)
Strobes
General lighting
Light towers
GPS
Chargers for flashlights, TIC, radio, etc.

Function
Communicate with responders via LMR
Audio communications on scene
Intra-cab communications
Audio warnings to responders or civilians
Warning to civilians
Improve visibility at scene
Improve visibility at scene
Track location of vehicle
Replenish battery power

Microwave oven
Provide hot water, coffee, snacks
Refrigerator
Provide cold water, protect medical supplies
Video monitor
Display status, images, data
Table 5-3. Equipment Attached to Vehicles

Portable Equipment
Table 5-4 lists equipment that is not normally used inside the IDLH area but might be due to its portable nature.
Category
Tools

Equipment

Function
VAC power

Generator

Provide 110
for other
equipment
Air compressor
Provide pressurized air for air cylinders or
pneumatic tools
Heater
Dry turnout gear
Tracking
system Monitor system typically located at Incident Track location of responders at scene
(e.g., the
DHS Command. RF transmitter/receivers positioned
26
GLANSER system) around structures.
EMS equipment
Defibrillator
Resuscitate victim
Ventilator
Resuscitate victim
Motorized cot
Transport victim
Laryngoscope
Monitor victim
Pulse oximeter (optional carbon monoxide, Monitor victim
carbon dioxide or cyanide detection)
Metronome
Maintain CPR rate
Thermometer
Monitor victim
Computer/Toughbook
Documentation, patient records, hospital
interface
EKG system
Monitor cardiac parameters
26

http://www.dhs.gov/where-there%E2%80%99s-smoke-theres-signal ; http://www.wpi.edu/Images/CMS/ECE/Jalal_MaparKeynot_Speaker.pdf
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Imaging systems
Miscellaneous

CO2 monitor
Blood pressure monitor
Video recorder
Digital camera
Computer (laptop, notepad, iPad)

Monitor carbon dioxide levels
Monitor blood pressure
Document emergency response
Document emergency response
Display emergency information
dispatch, record scene data
iPod/MP3 player
Recreation
Table 5-4. Portable Equipment Normally Used Outside IDLH Area

from

C. ESE Performance Features
This section discusses the performance features of the electronic safety equipment that could potentially be
affected by intrinsic safety and nonincendive requirements.

General Performance Features
Performance features that pertain to virtually all of the electronic safety equipment include power dissipation,
battery life, size, and weight. This section discusses these features in the context of how they might be affected by
intrinsic safety or nonincendive requirements.
Both ANSI/UL 913 (intrinsic safety) and ISA 12.12.01 (nonincendive) standards seek to prevent explosions in
combustible atmospheres by limiting the temperature of exposed components and limiting the energy of a potential
spark. The methods defined in the standards generally involve limiting the voltages and currents in electronic
components (to limit power dissipation and temperatures) as well as limiting the component values for capacitors
and inductors (to limit stored energy). Increasing the safety level of a particular device from (1) no requirements to
(2) nonincendive to (3) intrinsic safety will be termed “increasing the level of intrinsic safety.” This process generally
involves one or more of the following techniques:
1. Applying increasingly stringent limits on voltages and currents in internal components (to reduce power
dissipation and surface temperatures)
2. Reducing the component values for capacitors and inductors in the circuit (to reduce the stored energy)
3. Increasing the spacing between conductors at different voltages (to reduce the chance of a spark)
4. Using conformal coatings on components or encapsulation (to reduce the chance of a spark)
5. Adding protection components such as Zener diodes, clamp diodes, series resistors, and fuses (to limit
voltages and currents)

Power Dissipation
The total power dissipation in a system is the sum of the power dissipated in all of the components in the system.
Increasing the intrinsic safety level may result in the reduction in power dissipation in some of the components and
consequently a reduction in total power dissipation. On the other hand, if increasing the intrinsic safety level does
not require a reduction in currents and voltages in internal components, then the power dissipation may remain
unchanged.

Battery Life
If the total power dissipation of the system is reduced—which may be required for increased level of intrinsic
safety—battery life would be increased. On the other hand, if the power dissipation is not changed, then the battery
life would be unchanged.
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Size
The size of a system is affected by the number and size of the individual components. Increasing the intrinsic safety
level may involve the use of more components (particularly protection components) and result in an increase in the
size of the system. On the other hand, if power dissipation is reduced, it might be possible to reduce the size of the
battery and thus reduce the size of the system. Thus the size of the system might increase, stay the same, or even
decrease.

Weight
The weight of a system is closely linked to its size. Thus the weight of a system might increase, stay the same, or
even decrease depending on the details of the system design.

Specific Performance Features
Some of the performance features that may be affected by the level of intrinsic safety are specific to certain classes
of electronic safety equipment. References to specific systems are provided with Tables 2-4 above.
Output Power: Acoustic
Numerous devices which generate acoustic output signals may be affected by the level of intrinsic safety. Alarms,
such as sirens, the SCBA low air or end-of-service-time (ESTI) alarm, pre-alarm and alarm outputs for the PASS
device, low-battery alarms, and alarms from various monitoring systems (e.g., radiological/nuclear,
chemical/biological, flashover, backdraft monitors), need to be loud enough to be heard over background noises.
Voice amplifiers, intercoms, and PA systems need to be loud enough to cover a specific area. The Pathfinder
firefighter locator system generates an ultrasonic output. For all of these devices, a higher acoustic output power
generally would require higher voltages or currents. If an increase in intrinsic safety level requires a reduction in the
voltages or currents, this would generally cause a reduction in acoustic output power. On the other hand, if the
desired acoustic output power level can be met without reducing the voltages or currents, then an increase in
intrinsic safety level would have no effect on the acoustic output power.
For many of the systems mentioned above, the maximum range over which the system operates is a direct function
of the acoustic output power. A reduction in acoustic output power—which may or may not be required for the
desired intrinsic safety level—would likely result in a reduction of the maximum range.
Output Power: RF
Numerous devices which generate RF communication signals may be affected by the level of intrinsic safety. These
include land mobile radios (LMR), PASS devices with RF links, pagers, telemetry systems, navigation/location
equipment (including GLANSER and PakTracker), communication interfaces, thru-the-wall imagers, and robotic
devices. Most of these devices, including LMR, RF PASS, and telemetry, rely on RF communications over a wide area.
Some, such as communication interfaces between the SCBA and the facepiece, use RF for shorter distances. For all
these devices, a higher RF output level would require generally higher voltages and currents. If an increase in
intrinsic safety level requires a reduction in the voltages or currents, this would generally cause a reduction in RF
output power and a corresponding reduction in range. On the other hand, if the desired RF output power level can
be met without reducing the voltages or currents, then an increase in intrinsic safety level would have no effect on
the RF output power or the range. Reduction in maximum range would apply to both range inside buildings as well
as line-of-sight range.
Output Power: Optical
The primary purpose of devices such as flashlights, strobe lights, light towers, and general lighting is to provide
lighting for improved visibility; these devices would likely be affected by the level of intrinsic safety. In addition,
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devices with optical displays and readouts may be affected by the level of intrinsic safety; these include displays and
backlights on thermal imaging cameras, computers, HUDs, navigation systems, and monitoring systems (e.g.,
pressure, temperature, environmental). Depending on the technologies involved, an increase in the level of intrinsic
safety may result in a decrease in the light output of the device.

D. Other Issues that Affecting ESE Needs
Other issues may affect the ESE needs for specific groups of first responders. For example, specific hazardous Classes
and Groups may be more important in certain geographical locations such as Class II Group G (grain dust) in grain
elevators in the Midwest vs. Class II Group F (coal dust) in mining areas such as West Virginia, Pennsylvania and
Nevada. Similarly, Class I Group B (hydrogen) requirements would be important to responders near semiconductor
manufacturing plants such as in California, Massachusetts, Arizona, and Texas. On the other hand, Class I Group D
(propane) requirements would be common to the entire U.S. due to the use of natural gas in many residences.
The specific make-up of a first responder department may also affect the requirements for nonincendive or intrinsic
safety. For example, whether a fire department also provides emergency medical services (EMS) may affect
requirements. Combination safety departments such as in Sunnyvale, CA, which combine fire and police functions,
may dictate different requirements. Specific groups such as hazmat and FEMA urban search and rescue teams may
have somewhat different requirements from those of conventional fire departments. Similarly department size and
whether career or volunteer may influence the requirements.
Even though the ESE needs may be affected by specific geographical locations or types of departments, the
challenge for standards groups such as NFPA Technical Committees is how to determine the intrinsic safety level for
ESE used by all first responders. To some extent a “one size fits all” strategy is required to ensure that first
responders are adequately protected from the risks of hazardous locations.
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Chapter 6. Hazard Analysis
Hazard Analysis and Failure Mode and Effects Analysis (FMEA) are risk management tools for product development
used by multiple industries—including nuclear, defense, petroleum, chemical, automotive, and medical device.
Hazard Analysis is a “top-down” approach while FMEA is a “bottom-up” approach. The two are complementary to
each other and together constitute a risk management program. Typically a Hazard Analysis is conducted very early
in the design process, with updates as the design progresses. On the other hand, an FMEA is conducted when details
of the design are sufficiently firm, for example at the first prototype build, and then updated as the design
progresses. An FMEA is often more time consuming, requiring more technical input than a Hazard Analysis.
A Hazard Analysis is the detailed qualitative examination of the device from the perspective of the user. It considers
the interface of the device with the user and ignores what may happen internally in the device to cause an external
hazard. In contrast, FMEA is a detailed examination of each internal component. The FMEA considers how each
component might fail and the effect of each failure on system operation. The certification process for UL 913 mimics
many of the features of an FMEA, particularly the “bottom-up” aspect. Thus a Hazard Analysis would be a logical
companion to UL 913 and would help identify the safety requirements from the user perspective. Taken together,
the two could form a comprehensive assessment for current and future ESE.

A. Steps in a Hazard Analysis
The process for a Hazard Analysis is (1) to identify possible hazards, (2) to characterize each hazard, and (3) to apply
a rating or assessment metric. A Hazard Analysis is basically trying to answer three fundamental questions: (1) what
can go wrong, (2) how likely, and (3) how severe are the consequences? The results are often identified in a 2D
matrix or table showing qualitative probability of occurrence vs. qualitative severity. In some cases, quantitative
estimates—rather than just qualitative—can be developed for the probability of occurrence and for the severity of
the accident.

B. Examples of Hazard Analyses
A Hazard Analysis can take different forms depending on the subject. For example, hazards for a municipality could
include natural (e.g., tornado, hurricane, flood, avalanche, earthquake, etc.), human systems based (e.g.,
infrastructure, transportation, etc.), and conflict based (e.g., civil war, terrorism, nuclear war, etc.); in this case, the
presence of the hazard would automatically imply an accident or disaster, and little could be done by the
municipality to influence the probability of occurrence. However, preparations could be made in some cases to
reduce the severity of the disaster, such as building levees for flood protection or requiring earthquake-proof
construction techniques in building codes.
As a second example, hazards for a commercial business could include wet floors, sharp edges on shelves, or
exposed electrical wiring. In this case, the hazard would not necessarily imply an accident, only the possibility of one.
Furthermore, the business could implement procedures to reduce the probability of the hazard, the probability of an
accident, and even the severity of the accident. Thus not all hazards will produce an accident or disaster, but every
accident or disaster will result from a hazardous condition, whether or not recognized in advance. In general, the
probability of the hazard, the probability of an accident resulting from the hazard, and the severity of an accident
would vary; recommended practices or standard operating procedures may be able to reduce each of these factors.
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A Hazard Analysis for ESE would fall somewhere between the two examples cited above. In the context of intrinsic
safety, all ESE hazards involve potential ignition of a combustible or flammable atmosphere; the severity for an
accident for all intrinsic safety hazards would be catastrophic, leading to loss of life. Thus the only metrics or
variables for an ESE hazard would be (a) its probability of occurrence, and (b) its probability of an accident given that
the hazard exists. Factors that could influence the probability of an accident, given the presence of a hazard, could
include recommended practices (RP) or standard operating procedures (SOP), IS protection level, and exposure
time. Note that the exposure
Probability Prob. of Accident
Severity
time might be reduced if
Subject
Influences
of Hazard
given Hazard
of Accident
responders routinely carried
100%
Variable
RP/SOP
sensors, such as gas detectors, to Municipality Variable
Business
Variable
Variable
Variable
RP/SOP
identify the presence of the
RP/SOP, IS Level,
hazard. The differences for the
ESE
Variable
Variable
Catastrophic
Exposure Time
three Hazard Analysis examples
Table 6-1. Hazard Analysis Examples
are summarized in Table 6-1.

C. Hazards for Electronic Safety Equipment
The classifications developed in NFPA 70 and used throughout the various safety standards provide an effective way
to identify the hazards by using Classes and Groups. In this case there would be a total of 8 hazards, as shown in
Table 6-2. Note that this table is the same as Table 4-1 except that the Temperature Codes and Divisions are
removed, since these refer to the performance standards that the ESE must meet when used in the hazardous
environments.
Class
Group

Class I
Class II
Gases, Vapors, or Liquids
Dusts
A
B
C
D
E
F
Acetylene Hydrogen Ethylene Propane
Metal
Coal
Table 6-2. Electronic Safety Equipment Hazards

By coordinating the Hazard Analysis with the NFPA 70
format, discrepancies in the IS level of protection for a
device could be revealed. Table 6-3 shows an example that
might be representative of the environment for an SCBA or
a PASS device. The probability of occurrence for each of the
eight hazards is identified in qualitative terms, ranging from
“improbable” to “frequent.” Table 6-4 shows the
corresponding intrinsic safety requirements for SCBA and
PASS from NFPA 1981 and 1982 (from Table 3-1). In this
case the probabilities of the hazards are reasonably
consistent with the IS requirements; that is, the higherprobability hazards have Division 1 requirements, whereas
certification for the lower-probability hazards is not
required.
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Class III
Fibers, Flyings
G
Grain

No Groups

Hazard
Class I Group Class II Group
Class III
A B C D E
F
G

Probability
Frequent
Probable
X X
X
X
Occasional
X
Remote
X X
X
Improbable
Table 6-3. Probability of Intrinsic Safety Hazards

Hazard
Class I Group Class II Group
Class III
Device
A B C D E
F
G
PASS
- - 1 1 1
1
1
SCBA
- - 1 1 1
1
1
Table 6-4. Intrinsic Safety Divisions for ESE

However, if one discovered, for example, that Class I Group A had a “frequent” rather than “remote” probability,
then the IS level shown in Table 6-4 would clearly need to be changed. Conversely, if the probabilities were found to
be lower for some of the hazards of Table 6-2, then the safety level could possibly be relaxed. From this example we
see that using the NFPA hazardous environment classifications for the Hazard Analysis provides a mechanism to
ensure that the NFPA certification requirements are consistent with the probability of occurrence of the hazards.

D. Hazard Analysis by Classes and Groups
While Table 6.3 represents a possible example of a Hazard Analysis, is it typical of ESE throughout the U.S.? To
answer this question, we need to know what realistic probabilities are for each of the eight hazards. These will be
discussed individually in the next sections.

Class I, Group A – Acetylene
Acetylene (systematic name ethyne) is simplest alkyne with the chemical formula C2H2. In its pure form, it is
odorless, but commercial versions typically have an odor due to impurities. The manufacture of acetylene is done by
partial combustion of methane or as a byproduct in the ethylene process in the cracking of hydrocarbons. As a gas,
acetylene is unstable and usually handled as a solution. Since acetylene can be converted into ethylene, it is used in
making a variety of polyethylene plastics. Acetylene is extensively used in welding.
Approximately 400,000 metric tons are produced annually, with about 20% being used by the welding industry. First
responders would typically encounter acetylene either in refineries where it is manufactured or in the welding or
plastics industries where it is used. It could also be encountered as it is being transported, typically in gas cylinders.

Class I, Group B – Hydrogen
Hydrogen, with atomic number 1 and atomic weight 1.00794, is the lightest element and the most abundant
chemical substance. It is colorless, odorless, and tasteless. Most hydrogen is employed near its production site, with
the two largest uses being the processing of fossil fuels (e.g., hydrocracking) and ammonia production (mostly for
the fertilizer market.
Pure hydrogen-oxygen flames product ultraviolet light and with a high oxygen mix are not visible to the naked eye; a
burning leak can be extremely dangerous and may require a flame detector to be identified.
First responders may encounter hydrogen in use in the petroleum and chemical industries, particularly in refineries
and in fertilizer plants. Hydrogen is also used in the semiconductor industry. The space shuttle’s main engine
combines liquid hydrogen and liquid oxygen and is stored at the launch complexes in large tanks (located on
opposite sides for safety). The most common fault gas formed in power transformers is hydrogen. The gas is used as
a hydrogenating agent in food processing to increase the level of saturation of unsaturated fats and oils found in
such items as margarine. Hydrogen is also used in the production of methanol and hydrochloric acid. Hydrogen is
used as a shielding gas in certain welding processes. It is also used as a rotor coolant in electrical generators at
power stations because it has the highest thermal conductivity of any gas. It is used in cryogenic and
superconducting laboratories. Hydrogen can be found in the automotive, chemical, power generation, aerospace,
and telecommunications industries. Hydrogen could also be encountered as it is being transported, such as in liquid
hydrogen tanktainers used on intermodal equipment, in gas cylinders, or near hydrogen pipelines.

Class I, Group C – Ethylene
Ethylene (systematic name ethane) is a hydrocarbon with the formula C2H4. It is widely used in the chemical
industry, and worldwide production (141 million metric tons in 2011) exceeds that of any other organic compound.
In the U.S., 90% of ethylene is used to produce three chemical compounds—ethylene oxide, ethylene dichloride, and
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ethylbenzene—and a variety of polyethylene plastics. Ethylene is also used in agriculture as a hormone to accelerate
fruit ripening. Ethylene is also used as anesthetic.
First responders might encounter ethylene where is produced in the petrochemical industry by steam cracking and
use of quenching towers. They might encounter it where it is extensively used as discussed above. They may also
encounter ethylene during transportation.

Class I, Group D – Propane
Propane is a three-carbon alkane with the molecular formula C3H8. It is normally a gas but can be compressed to a
transportable liquid (LP). It is a byproduct of natural gas processing and petroleum refining. It is commonly used as a
fuel for engines, oxy-gas welding torches, barbecues, portable stoves, and residential central heating. All propane
fuels contain an odorant, usually ethanethiol, so that people can easily smell the gas in case of a leak.
First responders might encounter propane where it is produced or where it is used, including any residence in the
U.S. It might be encountered in transportation in gas cylinders or near pipelines. The gas could also be encountered
in propane-fueled vehicles such as trucks and buses.

Class II, Group E – Metal Dust
Metal dusts could be encountered by first responders primarily where metals are shaped by such processes as
machining and grinding. They can also be encountered if improperly disposed of. Dusts containing magnesium or
aluminum are particularly hazardous, and the use of extreme precaution is necessary to avoid ignition and
explosion.

Class II, Group F – Coal Dust
Coal dust is fine powdered form of coal that is created by crushing, grinding, or pulverizing. Because of the brittle
nature of coal, dust can be created by mining, transportation, or mechanical handling. The worst mining accidents in
history were caused by coal dust explosions.
Coal is ground into dust by a powdered coal mill for use in thermal power plants for electricity generation. Since
large quantities are suspended in air for transfer from the mill to the power plant, explosions can occur when the
flow drops and flames in the burning chamber pass back along the ductwork delivering the fuel.
Coal mines and power plants would probably be the primary locations that first responders would encounter coal
dust.

Class II, Group G – Grain Dust
Grain dusts could be encountered where grain is harvested, stored, transported, or used. For example combines
generate huge dust clouds during harvesting. When grain is moved into grain bins using elevators or augers, dust is
generated. Transfer to large grain storage facilities, typically called “grain elevators,” generates significant dust. The
grinding of grain into flour and subsequent use in mixers for food processing can generate even higher quantities of
dust. Because fine flour is dangerously explosive in an air suspension, mills go to great lengths to remove sources of
sparks; these measures include careful sifting to remove stones which could strike sparks from millstones, and the
use of magnets to remove metal debris.
Two recent grain dust explosions occurred at the DeBruce grain elevator in Wichita, KS, in 1998 and the Bartlett
Grain Company in Atchison, KS, in 2012. There were 129 flour and dust explosions reported in the U.S. between
1987 and 1997.
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Class III – Fibers and Flyings
This category tends to be a “catch-all” to cover locations were materials can collect but not likely suspended in air,
such as around machinery or lighting fixtures where heat, spark, can ignite them. Typical locations include textile
mills, cotton gins, cotton seed mills, flax processing plants, and plants that shape, pulverize, or cut wood and create
sawdust or flyings. Easily ignitible fibers/flyings include rayon, cotton (including cotton linters and cotton waste),
sisal or henequen, istle, jute, hemp, tow, cocoa fiber, oakum, baled waste kapok, Spanish moss, excelsior, and other
materials of similar nature.

E. Hazard Probabilities
In order to complete the Hazard Analysis, the probabilities for each of the eight hazards need to be identified. Table
6-3 was generated as an example to show consistency with the current certification requirements for SCBA and
PASS; however, this was done in hindsight and may not be realistic. The discussion above describes where first
responders are likely to encounter the particular hazards but does little to define the probabilities. Clearly these
probabilities would depend heavily on the geographic location for a particular group of first responders. For
example, fire departments in Kansas would probably be more concerned with grain dust compared to coal dust.
Departments near refineries in Houston, TX, Corpus Christie, TX, Linden, NJ, or Whiting, IN, would undoubtedly
consider the probabilities for the Class I gases to be higher compared to those departments in coal mining regions.
Most departments would probably consider the probability for Class I, Group D to be high due to the use of propane
in most residences.

F. Qualitative vs. Quantitative
The discussion of a Hazard Analysis above has focused on the probabilities being qualitative, using terms that are not
precise, such as “occasional” or “improbable.” If it were possible to determine the probabilities in quantitative
terms, then a more accurate view would be possible.
A quantitative probability is always a number between 0 and 1, with a 0 meaning “never happens” and a 1 meaning
“always happens.” A probability of 0.5 = ½ = 50% means that there is a 50% chance of something happening; an
example is getting a head in a single toss of a fair coin. Similarly a probability of 1/6 = 0.1667 represents the chance
of rolling a six on a single throw of a fair die, and 1/52 = 0.019 is the chance of getting the Ace of Spades on a single
draw from a full deck of cards.
Referring back to Table 6-1, consider the entries for the ESE row: we are interested in minimizing the probability of
an accident occurring because the severity would be catastrophic. However, there is no column labeled “Probability
of Accident.” Rather we are provided the “Probability of a Hazard occurring” and also the “Probability of Accident
occurring, given that a Hazard exists.” If a Hazard Analysis were quantitative—i.e. it provided a number for the
“Probability of Hazard”—and further if we could figure out a numeric value for “Probability of an Accident given the
existence of the Hazard,” then we could quickly determine the probability of an accident using elementary
probability theory. One of the fundamental theorems in probability and statistics involves “conditional probability”
and is expressed mathematically as:
( )

( | ) ( )

(6.1)

The term ( ) is read as “the probability of (A) happening.” Similarly, ( ) is read as “the probability of (B)
happening.” The term ( | ) is read as “the probability of (A) happening, given that (B) happens.” Note that the
vertical line between A and B is used to signify the word “given.” Equation 6.1 says that if we know the probability of
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(B) and also know the probability of (A given B), then we can determine the probability of (A) simply by multiplying
the two numbers together; the product is the probability of (A).
Applying Equation 6.1 to the ESE problem, if for example we knew that the probability of a particular hazard was
0.01, and we further knew that the probability of an accident given the existence of the hazard was 0.02, then we
could say that the probability of an accident would be (0.01)(0.02) = 0.0002. That is, a 1% chance of a hazard, and a
2% chance of an accident in the presence of the hazard would produce a probability of 0.0002 = 0.02% chance of an
accident happening.
A Hazard Analysis, such as shown in Table 6-3, would provide the details represented by the column labeled
“Probability of Hazard” in Table 6-1. The next column, “Probability of Accident given Hazard” is where the intrinsic
safety certification level plays a part. This probability can be reduced by increasing the level of intrinsic safety; one
way would be by going from nonincendive (certified to the ISA 12.12.01 requirements) to intrinsic safety (certified to
the UL 913 requirements). The probability might also be reduced by specific recommended practices or standard
operating procedures; an example might be to not use radios when going into an atmosphere suspected of being
explosive or combustible. The probability might also be reduced by reducing the exposure time to the combustible
atmosphere. Note that an active program using FMEAs might also be able to reduce the probability of an accident
given the hazard; the FMEA may not affect the intrinsic safety certification, but might nevertheless reduce the
probability.

G. How Low Should the Fault Probability be?
If the probabilities could be quantified, one overriding question is: how low should the probability be for the user of
the ESE to be safe in a hazardous environment? For example, if there is a 1 in a thousand chance—or even a 1 in a
million chance—that an electronic device will fail and cause an explosion in a combustible atmosphere, is this low
enough? Would the user be safe? Would the nonincendive requirements of ISA 12.12.01 be adequate? Would the
intrinsic safety requirements of UL 913 be adequate? Questions of this type are not routinely addressed by a hazard
analysis, since it implicitly considers events individually and does not consider the issue of multiple events.
The issue of multiple events is particularly important for the case of intrinsic safety for ESE. Any standards will apply
to ESE for all first responders in the U.S. as well as any other country that adopts NFPA standards. As of January
2012, there were 26,482 fire departments registered in the National Fire Department Census27, which is a voluntary
program and does not include all fire departments in the U.S. or its territories. This number is estimated at about
88% of the total in the U.S., meaning that the total would be about 30,033. The NFPA estimates there were 30,125 in
the U.S. in 2010. According to statistics provided by the United States Fire Administration28 there are 1,082,500
firefighters in the U.S. with 278,300 career and 804,200 volunteer. There were 30,098,000 total calls in 201129, of
which over 1,100,000 involved hazardous materials and conditions that could potentially produce an explosion.
From the perspective of an NFPA Technical committee, a particular standard may involve only a single product, such
as a PASS device for NFPA 1982, or it may cover a wide range of devices as in the case of the umbrella document,
NFPA 1800. In the latter case, multiple devices may be carried by a single firefighter. At a single department call,
multiple firefighters will generally enter the hazardous environment.

27

http://apps.usfa.fema.gov/census/summary.cfm
http://www.usfa.fema.gov , http://wiki.answers.com/Q/How_many_firefighters_are_there_in_the_US
29
“Fire Department Calls,” from “Fire Loss in the United States 2011,” M. H. Karter, Jr., September 2012, provided by Dr. R.
Fahy, Manager, Fire Data Bases and Systems, Fire Analysis and Research Division, NFPA
28
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Let us define an “event” as a first responder carrying a single piece of equipment into an explosive or combustible
environment. If we assume there are 1.1 million potentially explosive environments per year, 6 firefighters entering
the environment, and a total product life of only 5 years, there would be a total of 33 million events for that piece of
equipment. If we further assume that each firefighter carries a total of 5 pieces of equipment covered by intrinsic
safety standards, there would be a grand total of about 150 million potential events, any one of which could result in
an explosion with resultant loss of life.
Note that the number of events might even be conservative when one considers that not all departments are able to
upgrade equipment every NFPA revision cycle. As a result, the product life may be closer to 10-15 years for many
departments.
The fundamental question then becomes: how low should the probability for a single event be in order that there
will be no explosion in 150 million total events? In reality, we can never reduce the probability to zero to guarantee
that an explosion can never occur; rather we can only reduce the probability to some “acceptable” level. This
question can be answered using elementary probability theory as follows. Let be the probability of a failure in the
piece of equipment that would cause an explosion during a single event. Then (
) would be the probability
that no failure occurs during a single event. Assuming that the events are statistically independent (that is, the
probability of failure does not change from event to event), the probability that no failure (i.e., explosion) occurs in
N total events would simply be (
) , and the probability that at least one explosion occurs would be
[

(

) ]

(6.2)

The probability of an explosion for the use of ISA 12.12.01 for nonincendive certifications
to
[

(

) ]

[

(

)]

would then be equal

(6.3)

In this case
would be the probability of a failure under normal operating conditions as defined by the standard
and specified by the manufacturer.
We could also apply Equation 6.2 to the use of UL 913 for intrinsic safety certifications. However, in this case
would be the probability of a failure based on the double-fault requirements in UL 913. Since this value of
would
be substantially different than for ISA 12.12.01, a more meaningful approach would be to derive a formula for the
UL 913 situation based on the value of
for ISA 12.12.01. For now, let us assume that the probability of a single
failure for the requirements of UL 913 is the same as the probability of failure under normal operating conditions as
defined in ISA 12.12.01. Both standards use the same six graphs for component values (resistors, inductors, and
capacitors) shown previously in Figure 2-8. Furthermore since the Double Fault Test Factor shown in Table 2-6 is 1.0,
this assumption has some merit. Note that this assumption would not take into account any differences in
temperature requirements, or in construction techniques (which include such issues as spacing between conductors
and thicknesses of conformal coatings); thus the probability of a single failure for UL 913 would likely still be lower
than the probability for ISA 12.12.01.
If we now consider that UL 913 requires that an explosion cannot occur with either a single or a double fault, then
we see that an explosion can occur only with a triple fault. We then note that if the probability of a single fault is
then the probability of a triple fault is
, assuming that the probabilities for each fault are the same and are also
statistically independent of each other. We can now derive the formula for
the probability of an explosion for
intrinsic safety:
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[

(

) ]

[

(

)]

(6.4)

Equations 6.3 and 6.4 now allow us to compare nonincendive and intrinsic safety certification requirements
quantitatively. Tables 6-5 through 6-8 show the results for different failure probabilities for number of events
ranging from 100 thousand to 100 million. The reciprocal of the probabilities (which can be viewed as “1 chance in
how many”) are also shown. The first row of Table 6-5 would be interpreted as:
If the probability
of a single fault is 0.001 (or 1 chance in 1,000), then the probability of an explosion for
nonincendive certification would be 1 (or 1 chance in 1) and the probability of an explosion for intrinsically
safe certification would be 0.0001 (or 1 chance in 10,000).

Probability of Single Fault

Probability of Explosion for
Nonincendive Certification

⁄
0.001
0.0001
0.00001
0.000001
0.0000001

⁄

Probability of Explosion for
Nonincendive Certification

⁄

⁄

Probability of Explosion for
Nonincendive Certification

⁄

⁄
1000
1 x 106
1 x 109
1 x 1012
1 x 1015

Probability of Explosion for
Intrinsic Safety Certification

⁄

1,000
1
1
0.01
10,000
1
1
1 x 10-5
100,000
1
1
1 x 10-8
1,000,000
1
1
1 x 10-11
10,000,000
0.632
1.6
1 x 10-14
Table 6-7. Probability of an Explosion for N=10,000,000
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10,000
10,000,000
1 x 1010
1 x 1013
1 x 1016

Probability of Explosion for
Intrinsic Safety Certification

1,000
1
1
0.001
10,000
1
1
1 x 10-6
100,000
0.9999
1
1 x 10-9
1,000,000
0.632
1.6
1 x 10-12
10,000,000
0.095
10.5
1 x 10-15
Table 6-6. Probability of an Explosion for N=1,000,000

Probability of Single Fault

0.001
0.0001
0.00001
0.000001
0.0000001

⁄

1,000
1
1
0.0001
10,000
1
1
0.0000001
100,000
0.632
1.6
1 x 10-10
1,000,000
0.095
10.6
1 x 10-13
10,000,000
0.010
100
1 x 10-16
Table 6-5. Probability of an Explosion for N=100,000

Probability of Single Fault

0.001
0.0001
0.00001
0.000001
0.0000001

Probability of Explosion for
Intrinsic Safety Certification

⁄
100
1 x 105
1x108
1 x 1011
1 x 1014

Probability of Single Fault

Probability of Explosion for
Nonincendive Certification

⁄
0.001
0.0001
0.00001
0.000001
0.0000001

Probability of Explosion for
Intrinsic Safety Certification

⁄

1,000
1
1
0.095
10,000
1
1
1 x 10-4
100,000
1
1
1 x 10-7
1,000,000
1
1
1 x 10-10
10,000,000
1
1
1 x 10-13
Table 6-8. Probability of an Explosion for N=100,000,000

⁄
10.5
1x104
1 x 107
1 x 1010
1 x 1013

The tables are color coded with red indicating high, yellow indicating marginal, and green indicating low probability
of an explosion. The probability tables above show that the large number of events has a profound effect on the
probability of an explosion. Virtually all of the numbers in the nonincendive columns indicate a high probability of an
explosion. Even if the probability of a single failure is one part in 10 million (from Table 6-5) and only 100,000 events
are considered, there is still a 1% chance of an explosion. On the other hand, if the probability of a single failure is
0.0001, or one part in 10,000, then the probability of an explosion for intrinsically safe certification is less than one
chance in 10,000 for any number of events up to 100 million; as the probability of a single failure becomes lower,
the chance of an explosion with intrinsic safety becomes infinitesimal. Clearly for a large number of events, intrinsic
safety certification results in a much safer system compared to nonincendive certification.
The situation is quite similar to that of the lottery. The odds of winning Mega Millions or the Powerball are about 1
in 175 million. However, these lotteries regularly produce at least one winner. Applying this analogy to intrinsic
safety, the odds for a particular responder being in an explosion at one incident are infinitesimal. However,
preventing all possible explosions throughout the U.S. in a five or ten year period requires the ESE ensemble to be
extremely safe; if not, the consequence would almost certainly be loss of life—hence the preference for Div. 1 and
UL 913 certification.
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Probability of Explosion

The
same
information
is
presented graphically in Figure 69, which shows the striking
difference between ISA 12.12.01
(nonincendive) and UL 913
(Intrinsically Safe) certification
methods. The vertical scale on the
left is the probability of an
explosion; the higher the value,
the more likely that an explosion
will occur; the color bar at the left
indicates the margin of safety.
The horizontal scale at the
bottom is the probability of a
single fault. The colored family of
curves represents the situation
for different values of N, the total
number of events; nonincendive
and intrinsically-safe curves for
the same value of N have the
same color to allow easy
comparison between the two
methods. Note that most of the
nonincendive curves at the upper
right are uniformly close to 1 for
higher values of
and N,
meaning that at least one
explosion would be virtually
certain in these situations.

Nonincendive

Intrinsically
Safe

Probability of Single Fault, pf
Fig. 6-9. Probability of an Explosion based on Number of Events
and Probability of a Single Fault

Figure 6-9 illustrates graphically the dramatic difference between nonincendive and intrinsically-safe certification
methods. The steep slope of the intrinsically-safe curves compared to the nonincendive curves is simply the result of
the single vs. triple fault requirements and the resulting exponent on the
term in Equations 6.3 and 6.4. The
exponent in 6.4 is three, which causes the probability of an explosion to drop by a factor of 10 3 = 1000 for every
reduction in the probability of a single failure by a factor of 10. Said another way, it’s much easier to get higher
reliability by using redundancy and requiring multiple failures; such systems are often called “fault tolerant.”
The graph of Figure 6-9 provides a quick way to estimate what
would need to be such that the probability of an
explosion would be less than some particular value. Simply draw a horizontal line at the desired probability of an
explosion and then select the colored curve corresponding to the number of events involved. The horizontal value at
that intersection would define the necessary value for . As an example, if the desired probability of an explosion
was 1 x 10-3 = 0.1% (i.e., one chance in a thousand), and N = 1000 (i.e., 1000 events), the probability of a single
failure
would need to be below 1 x 10-6 = 0.0001% for nonincendive certification (ISA 12.12.01) or below 0.01 =
Page 62

1% for intrinsically safe certification (UL 913) ); thus the probability for a single failure would need to be 10,000
times lower for a nonincendive circuit to have the same resulting probability for an explosion compared to an
intrinsically-safe circuit. The two points in this example are identified by the red dots in Figure 6-9.

H. Estimate of Probability of Failure
NFPA 1982 requires a PASS device to be
intrinsically safe, which means that it can
become a source of ignition only if three faults
occur in the circuit. However, single faults could
potentially cause a PASS device to fail to operate
properly and require the unit to be repaired or
replaced.

Circuit A

Circuit B

Fig. 6-10. PASS Piezo Driver
The circuits shown in Figure 6-10 illustrate the distinction between a PASS circuit failing to operate properly (single
fault) and becoming a source of ignition in a combustible atmosphere (triple fault). Circuit A shows a piezo driver
circuit that might be used to generate the audio alarm output. Transistor Q1 acts as a switch to apply a square wave
voltage across the primary winding of transformer T1. The secondary of T1 then steps up the voltage and applies a
higher voltage waveform across piezo X1, generating the audio alarm. Four possible single faults for this circuit
include either winding of T1 to become either an open circuit or a short circuit. Two additional single faults include
Q1 becoming either an open circuit or a short circuit. All six of these possible single faults would cause the unit to fail
to produce an audio output, which would be detected by a routine test of the PASS device as typically done by a
firefighter at the beginning of a shift. Five of the six failures would probably not cause the circuit to become a source
of ignition; however one of the six failures—Q1 becoming a short circuit—would cause the current in the primary
winding to become excessive and could cause the temperature of T1 to increase to the point that it would ignite a
combustible atmosphere. Note that Circuit A would not be a source of ignition during normal operation and
apparently acceptable for use in nonincendive (ISA 12.12.01) applications.
Circuit B of Figure 6-10 shows the same piezo driver with three additional components: fuse F1 and resistors R1 and
R2. All three components would limit the current in T1 if Q1 were to short out, and thus prevent T1 from reaching
the ignition temperature. The three components would need to be sized properly so that they would not become an
ignition source by themselves. Each of the three components could fail as either an open circuit or a short circuit,
adding six additional failure mechanisms for the circuit. An open circuit for any of the three would cause the driver
circuit to fail to generate an audio output and would thus be detected by a routine test. However, if any of the three
became a short circuit, the driver would continue to generate an audio output and would not be detected by a
routine test; this type of fault would be considered “not observable.” The only combination of the twelve possible
single faults that would cause Circuit B to become an ignition source would be for fuse F1, resistor R1, resistor R2,
and transistor Q1 to all become shorted; thus Circuit B would require four single faults to occur simultaneously
before becoming a possible source of ignition. From the standpoint of the twelve possible faults we have listed,
Circuit B would not fail for single, double, or even triple faults, and would thus be intrinsically safe. Nine of the
twelve single faults would be observable; however shorting of F1, R1, and R2 would not be observable by a routine
test of the PASS device.
Since many of the possible single faults in a circuit are observable, we could make a rough estimate of the
probability of a single failure for an electronic device based on the number that require service or replacement.
Suppose we know that in a period of one year there were a total of Q PASS devices throughout the U.S. that
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required warranty repair. According to NFPA statistics, there would have been a total of approximately 30 million
fire department calls30 (or events) throughout the U.S. during that year. If we assume that the firefighters wore their
turnout gear at every call, and that on average eight firefighters responded for each call, there would be a total of 8
x 30 million = 240 million events. The estimated probability of a failure ̂ would then be approximately
̂

(6.5)

Note that we have used the carat symbol (^) to signify that the quantity is an estimate. For example, suppose that
there is only one failure of a PASS device throughout the entire U.S. during one year; then Q = 1 and ̂
⁄
. We could then either use Equations 6.3 and 6.4 or Figure 6-9 to determine the
probability of an explosion for nonincendive and intrinsically-safe certifications. If we assume N = 100 million
hazardous events (calls involving a combustible or flammable atmosphere) over the life of the device, then we find
that
and that
is essentially zero. Thus there would be virtually no chance of an explosion with
intrinsically-safe certification and a one-in-three chance of at least one explosion with nonincendive certification.
Clearly non-incendive certification would be unacceptable.
Since the example above presented an extremely low probability of an explosion for intrinsically-safe certification,
we could ask a related question: how many failures during a single year would be allowed and still keep the
probability of an explosion with intrinsic safety to an acceptable level? For example, let us arbitrarily decide that
1/10,000 = 0.01% is a low enough probability for
. Again assuming that there are 240 million events per year for
single failures and 100 million hazardous events over the life of the product, we find (using Equations 6.4 and 6.5)
that Q = 24,000; that is, there can be as many as 24,000 warranty repairs per year for single failures, and yet the
probability of an explosion with intrinsically-safe certification (requiring three failures) would only be one chance in
10,000. Under these conditions, the probability of a single failure would be 24,000/240,000,000 = 0.01% and the
probability of an explosion with 100 million hazardous events would be 1 for ISA 12.12.01 nonincendive certification,
a virtual certainty. The two points in this example are identified by the brown dots in Figure 6-9.
It is important to note that the probability of failure that is estimated by the above technique may be different than
the probability of failure defined for Equations 6.3 and 6.4. The primary value of this technique is that it gives us a
rough estimate in quantitative terms. For example, if it can be shown that on average there are 2,400 PASS devices
⁄
that require warranty repairs every year, then ̂
. Suppose we further want
the probability of an explosion to be less than 0.01% (or 1 in 10,000) and know that there are approximately 100
million events. Then using Equation 6.3 we find that
would need to be less than about 10-12, or 1 in a trillion,
whereas our estimated value is 10-5, or 1 in 100,000. In order to claim that nonincendive certification would be safe
enough, the probability of failure would have to be a factor of 107 = 10 million lower than the estimated value ̂ .

I. A word of caution
The technique of estimating the probability of a single failure described above using warranty repair information
only works for observable failure mechanisms. Since not all failures are observable, any estimate will tend to be
optimistic and produce a number that is lower than the actual probability. The technique would be useful for ruling
out a particular safety method but would not guarantee that a method would be safe enough. For example, if it
could be shown that there was more than one failure per year for PASS devices, then the ISA 12.12.01 nonincendive
method would not be advisable. On the other hand, one might consider a safety method that allowed double faults
30

“Fire Department Calls,” from “Fire Loss in the United States 2011,” M. H. Karter, Jr., September 2012, provided by Dr. R.
Fahy, Manager, Fire Data Bases and Systems, Fire Analysis and Research Division, NFPA
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to cause an explosion by arguing that the number of warranty repairs was low enough; such logic would be suspect
because the warranty repair data would underestimate the probability of failure.

J. Time-Varying Considerations
Another issue that affects the probabilities is how things change as equipment is used. When a piece of equipment is
first put into service, everything is new and nothing has been unduly stressed. The probability of a device failing
would be expected to be quite low. However, unlike many fixed locations, the firefighting environment is rough on
equipment. Exposure to elements, water spray, and high temperatures along with possible rough handling can cause
such problems as seals leaking, wires breaking, and circuit boards and connector pins corroding. As a result, the
probability of a single failure would almost certainly increase during the life of the product, and consequently the
probability of an explosion would also increase. Thus when using the tables and graphs above, one must remember
to use probabilities that are representative of the actual devices during their full service life, not just probabilities
that are typical of beginning-of-life for the devices.

K. Recommended Process for NFPA Committees
With regard to operation in hazardous environments, an NFPA Technical Committee would need to determine the
level of intrinsic safety for certification for a particular standard. Since the Committee would need to consider all
departments across the U.S., it should not be preferential to any particular geographic region. The task of the TC
would then be to take the following steps:
1. First perform a Hazard Analysis by assigning qualitative probabilities of occurrence for each of the eight
hazards shown in Table 6-2; the format of Table 6-3 could be used to tabulate the results.
2. Next identify those hazards with the highest probability.
3. Then make sure that the certification requirements include those hazards with the highest probability of
occurrence as reported in the Hazard Analysis.
4. Assuming that a single protection method is desired, finally determine if ISA 12.12.01 (nonincendive) or UL
913 (intrinsic safety) should be used in the standard.

Step 1: Probability Assignment to Hazards
The first step is to assign hazard probabilities, and this is
Source of Explosion
Number
Hazard
probably the most difficult step. So, how could this be Petroleum product
9
Class I, Group C
done by an NFPA committee, i.e., how should the Propane
10
Class I, Group D
probabilities be determined? There might be several Methane
5
Class I, Group D
ways that an NFPA committee could address this Grain dust
4
Class II, Group G
question. For example, it could rely on the knowledge of Metal dust
1
Class II, Group E
the members of the committee and try to arrive at a Ammonia
1
Class I, Group D
meaningful assessment. The committee could consider Smoke
1
Class III
taking a survey of the firefighters on all of the NFPA Fireworks/ANFO
2
N/A
technical committees. The committee could consider Chemical + water reaction
1
N/A
taking a survey of all fire departments, or add questions
Unknown
2
N/A
to the surveys that are routinely done with departments,
Steam boiler
3
N/A
such as done for the Needs Assessment program.
Table 6-11. Explosion LODDs 1977-2009
Another way might be to perform a separate literature
search, perhaps focusing on line-of-duty deaths (LODDs) and near-miss databases.
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The NFPA 1982 Intrinsic Safety Task Group described in Chapter 3-A above obtained information31 on LODDs that
resulted from approximately 40 explosions between 1977 and 2009. Table 6-11 summarizes the causes of the
explosions and identifies the particular hazard involved. For petroleum products, Class I, Group C was selected. For
methane, Class I, Group D (propane) was selected since the two gases are quite similar in combustion
characteristics. Anhydrous ammonia was put in Class I, Group D, although it might be more appropriate in Class I,
Group C. The “chemical + water” combination involved chlorosulphonic acid and spontaneously exploded (hence not
pertinent to the intrinsic safety issue). Two explosions were caused by unknown sources. The three steam boiler
explosions also had nothing to do with the intrinsic safety issue. It was not clear which hazard applied to the smoke
explosion, since the source was never identified, so this was arbitrarily put into Class III. Finally, the two explosions
due to fireworks and ANFO (ammonium nitrate + fuel oil high-velocity explosive) were also not ignited by any
electronic components that would be subject to intrinsic safety issues.
If we were to use the data in Table 6-10 as a basis for a
Hazard Analysis, Table 6-12 might be appropriate. Note that
there are differences between Table 6-12 and Table 6-3.
(For convenience in making the comparison, Table 6-3 is
repeated below Table 6-12). However, we really have very
little data and should not put too much emphasis on this
result. It would be better to have more input on what types
of hazards are seen by first responders.
Nevertheless, the LODD data does clarify one important
point: propane (along with methane), ethylene, and grain
dust should clearly have relatively high probabilities and
should be covered by the certification requirements.

Remaining Steps 2-4

Hazard
Class I Group Class II Group
Class III
A B C D E
F
G
X
X
X
X
X
X X
X

Probability
Frequent
Probable
Occasional
Remote
Improbable
Table 6-12. Probability of Intrinsic Safety Hazards

Hazard
Class I Group Class II Group
Class III
A B C D E
F
G

Probability
Frequent
Probable
X X
X
X
Occasional
X
Remote
X X
X
Improbable
Table 6-3. Probability of Intrinsic Safety Hazards

Steps 2 and 3 above are relatively straightforward, once
step 1 is completed. The last step would then need to
consider the probability issue as portrayed by Tables 6-5
through 6-8 and shown in Figure 6-9. From the discussions
above, the significant difference in probability of an
explosion due to faults between intrinsically-safe
certification and nonincendive certification would make a very strong case for using intrinsic safety rather than
nonincendive certification. This would mean that standards meeting the intrinsic safety requirements (such as UL
913) would be preferred over those standards adhering to nonincendive requirements (such as ISA 12.12.01). Only
in very unusual circumstances would ISA 12.12.01 seem to provide adequate safety; for general Electronic Safety
Equipment routinely carried by First Responders who may be going into most, if not all, possible hazardous areas,
ISA 12.12.01 would not be recommended. This project therefore recommends that all electronic safety equipment
(ESE) routinely carried by First Responders should be certified for use in all Class I, II, and III, Division 1 and 2
hazardous areas; for single-protection methods, this means that the ESE should be certified as intrinsically safe.

31

Supplied by Dr. R. Fahy, Manager, Fire Data Bases and Systems, Fire Analysis and Research Division, NFPA
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Chapter 7. Conclusions and Recommendations
This project was established by the Fire Protection Research Foundation to assess the overall electronic safety
equipment (ESE) package against the anticipated fire ground hazardous environment and to provide
recommendations for optimum approaches for emergency responder ESE intrinsic safety requirements. The goal
was to use a hazard analysis approach to provide a synergistic evaluation of intrinsic safety requirements across all
emergency responder ESE and anticipated hazardous environments that ultimately supports scientifically-based
recommendations for the optimum ESE intrinsic safety requirements. This Final Report is organized by chapters
corresponding to the specific tasks that were defined by the original solicitation and summarizes the results of the
research project. This chapter presents the conclusions and recommendations for the project.

A. Certification Process to Prevent Explosions
Standards organizations and regulatory agencies in the U.S. have established a process to prevent explosions from
being caused by electronic equipment operating in hazardous atmospheres. The process involves two basic steps:
(1) classifying the hazards that will be encountered, and (2) verifying that the electronic equipment cannot cause an
explosion. This two-step process involves multiple standards and was formulated to prevent explosions by limiting
the power dissipation of internal electronic components to limit their surface temperature and by limiting the
amount of stored energy in capacitive and inductive components to prevent a spark from occurring. The process was
originally developed for electronic equipment intended for use at fixed locations. The process has been modified, as
illustrated in Figure 7.1, to cover electronic safety equipment in general use by First Responders at multiple
locations. The steps in the certification process are discussed in more detail in the following sections.

Step 2: Verification

Step 1: Hazard Classification (NFPA 70)
Class (I, II, or III)
 Type of Combustible Material

Intrinsically Safe (UL 913)
 Comparison Method
 Testing Method

Group (A through G)
 Energy for Spark Ignition
Temperature Code (85°C to 450°C)
 Max Surface Temperature

Nonincendive (ISA 12.12.01)
 Comparison Method
 Testing Method

Division (1 or 2)
 Likelihood of Material Being Present

Fig. 7.1. Certification Process to Prevent Explosions by ESE in Combustible Atmospheres
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Step 1: Hazard Classification
The first step to preventing explosions involves classification of the hazardous (combustible or flammable)
environments. The standard that classifies these atmospheres at fixed locations is NFPA 70 National Electrical Code.
The original document was developed in 1897 through the united efforts of various insurance, electrical,
architectural, and allied interests. Since 1911, the NFPA has acted as sponsor of the Code. NFPA 70 is the primary
standard referenced by all other standards for prevention of explosion.
Article 500 of NFPA 70 identifies hazardous atmospheres by Classes and sub-classes (called “Groups”) based on
materials that may be present. The three Classes of environments are based on the type of materials present: Class
I, flammable gases, vapors, or liquids; Class II, combustible dusts; Class III, ignitible fibers and flyings. Class I is further
subdivided into Groups based on increasing energy required for ignition by a spark: A, acetylene; B, hydrogen; C,
ethylene; and D, propane. Class II is similarly subdivided into Groups: E, metal dust; F, coal dust; and G, grain dust.
Class III is not subdivided into Groups. Article 500 of NFPA 70 also specifies fourteen separate Temperature Codes
(T-Codes) for both Class I and Class II. These T-Codes define maximum surface temperatures ranging from 85°C to
450°C for thermal ignition of the atmosphere. For Class III there are no T-Codes and the maximum temperature for
equipment is 165°C (120°C if it can be overloaded).
Article 500 of NFPA 70 further defines two categories of environments (called “Divisions”) based on the likelihood of
these materials being present. Class I and Class II are split into Divisions based on the following criteria: Division 1, all
or some of the time under normal operating conditions; and Division 2, likely not to exist under normal operating
conditions. Class III is split into Divisions based on slightly different criteria: Division 1, easily ignitible fibers or
materials producing combustible fibers are handled, manufactured or used; and Division 2, easily ignitible fibers are
stored or handled other than in the process of manufacture. Article 500 provides typical examples of locations that
would be classified according to particular Classes and Divisions, which can help to clarify classifications in
ambiguous situations. It should be noted that the Class, Group, and Temperature Code classifications are reasonably
explicit, whereas the Division classifications are qualitative and depend on interpretation as to what is meant by
such terms as “some of the time” or “not likely to exist under normal operating conditions.” Table 7-2 summarizes
the classification of hazardous environments according to NFPA 70.
Class
Group
T-Code
Division

Class I
Class II
Gases, Vapors, or Liquids
Dusts
A
B
C
D
E
F
G
Acetylene Hydrogen Ethylene Propane
Metal
Coal
Grain
14 T-Codes from 85°C to 450°C
14 T-Codes from 85°C to 450°C
Div. 1 or Div. 2
Div. 1 or Div. 2
Table 7-2. Classification of Hazardous Environments as in NFPA 70

Class III
Fibers, Flyings
No Groups
No T-Codes
Div. 1 or Div. 2

Article 500 of NFPA 70 also includes a general discussion of protection techniques that could be applied to apparatus
used in hazardous locations, including (A) explosion-proof, (B) dust ignition-proof, (C) dust-tight, (D) purged and
pressurized, (E) intrinsic safety, (F) nonincendive circuit, (G) nonincendive equipment, (H) nonincendive component,
(I) oil immersion, (J) hermetically sealed, (K) combustible gas detection system. Protection by combustible gas
detection systems is available only for restricted industrial locations and is not applicable to ESE carried by
emergency responders; Table 7-3 identifies the locations in which the remaining protections could be used.
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Class I
Class II
Class III
Protection Technique
Division 1 Division 2 Division 1 Division 2 Division 1 Division 2
(A) explosion-proof
√
√
(B) dust ignition-proof
√
√
(C) dust-tight
√
√
√
(D) purged and pressurized
√
√
√
√
√
√
(E) intrinsic safety
√
√
√
√
√
√
(F) nonincendive circuit
√
√
√
√
(G) nonincendive equipment
√
√
√
√
(H) nonincendive component
√
√
√
√
(I) oil immersion
√
(J) hermetically sealed
√
√
√
Table 7-3. Acceptable Protection Techniques in Hazardous Locations (from NFPA 70)
In general, three components are required for a fire or explosion: fuel, oxygen, and a source of ignition. The basic
distinction between a fire and an explosion is the speed at which the ignition propagates through the fuel. NFPA 70
thus identifies those fuels capable of causing an explosion. The different protection techniques either limit the
ability of a circuit to become an ignition source or define an enclosure to prevent the fuel and/or oxygen from
reaching the ignition source. For electronic safety equipment intended for use by First Responders, only two of the
single-protection techniques are viable: nonincendive and intrinsically safe.
NFPA 70 does not provide an exhaustive list of explosive fuels, leaving the task of further classification to the user.
We might be inclined to think that materials with simpler chemical composition are easier to ignite; we would be
wrong. Acetylene (C2H2) has a more complex formula and is more easily ignited than hydrogen (H2).
We also note that the energy released from an explosion and its resulting destructive power will depend on the fuel.
If the speed of propagation is less than the speed of sound, the explosion is termed “deflagration.” If the speed is
greater than the speed of sound, the explosion can generate a shock wave, which can cause destruction at large
distances; in this case, the explosion is termed “detonation.” NFPA 70 does not make a distinction between the two
types of explosions.
Division 1 Division 2
Division 1 Division 2
Step 2: Verification
Class I
√
√
Class I
√
The second and final step to preventing Class II
√
√
Class II
√
an explosion by an electronic device or Class III
√
√
Class III
√
√
system is to verify that it satisfies
Table 7-4. Intrinsic Safety
Table 7-5. Nonincendive
requirements for the protection
techniques of Table 7-3; in the case of general electronic safety equipment carried by First Responders, the only
single-protection techniques that are applicable are nonincendive and intrinsically safe.
Intrinsic safety certification applies to all hazardous environments, i.e. Division 1 and 2 for all Classes (and Groups).
Nonincendive certification applies to Division 2 for all Classes and also to Division 1 only for Class III hazardous
environments; i.e., nonincendive certification specifically excludes Division 1 for Class I and Class II environments.
Tables 7-4 and 7-5 illustrate the difference in coverage between intrinsic safety and nonincendive certification.
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Verification that the electronic device or system cannot cause an explosion could be accomplished in two ways:
either (1) it cannot become a source of ignition (by spark or surface temperature), or (2) the oxygen or fuel cannot
penetrate the package and reach the internal circuit components. Verification can be done either by analysis of the
circuit and package or by actually testing samples in an explosive atmosphere. As a general rule, verification is
usually done by a combination of both the analysis and test methods.
Intrinsic Safety Verification (all Classes and Divisions)
NFPA 70 provides only limited guidance for the design of nonincendive or intrinsically safe systems; such
information is provided in additional standards. One of the first standards that addressed the subject of intrinsic
safety was NFPA 493 Intrinsically Safe Apparatus for use in Division 1 Hazardous Locations. The original version of
NFPA 493 was prepared by the Sectional Committee on Electrical Equipment in Chemical Atmospheres, titled
“Standard for Intrinsically Safe Process Control Equipment for Use in Class I Hazardous Locations,” and officially
adopted in 1969. The 1978 edition of the standard used the classification of hazardous locations based on Article
500 of NFPA 70 National Electrical Code 1978 Edition. NFPA 493 was replaced by ANSI/UL 913 by the NFPA Technical
Committee on Electrical Equipment in Chemical Atmospheres with the following substantiation:
NFPA 493 was originally issued as a joint standard with Underwriters Laboratory under the American
National Standards Institute. Since this standard is essentially a detailed design standard, the Committee felt
that the design of Intrinsically Safe Equipment would be best handled under the auspices of Underwriters
Laboratory as an accredited ANSI organization.
At its November 18, 1982 meeting, The Committee on Electrical Equipment in Chemical Atmospheres agreed
to recommend withdrawal of NFPA 493 when a substitute document was available. Underwriters
Laboratories expects to publish UL 913 as a substitute in July 1988.
The first edition of ANSI/UL 913 Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III,
Division 1, Hazardous (Classified) Locations (the replacement to NFPA 493) was formally adopted in November 1971.
This document has been revised, with the seventh edition being adopted in July 2006.
Comparison Method
UL 913 describes two methods by which devices can be shown to be intrinsically safe. The first is the Comparison
Method, which involves analyzing a circuit, and then comparing its performance to ignition curves. The second is the
Testing Method and is further discussed below. The ignition curves are a set of eight graphs—first published by
British groups involved in the mining industry—which show component-value limits for resistive, inductive, and
capacitive circuits when used with specific gases (methane, propane, ethylene, and hydrogen) and in the presence of
certain metals (aluminum, cadmium, magnesium, zinc, and tin). Unfortunately the curves only apply to a small set of
circuits and hazardous materials that might be encountered by First Responders; nevertheless, these graphs are
used as the definitive standard for analyzing all circuits and hazards. The circuit analysis considers normal operation
of the circuit, as well as operation in the presence of single and double faults; the analysis seeks to verify that the
circuit cannot cause an explosion under the conditions defined by the ignition curves.
UL913 also includes discussions on such topics as control drawings, construction techniques, and device marking.
The document also includes appendices with explanatory material to help an examiner in those situations that are
not specifically covered by the standard, such as oxygen enrichment and non-standard pressures.
UL 913 specifically excludes mechanisms of ignition from external sources such as static electricity or lightning,
which are not related to the electrical characteristics of the apparatus. The standard also does not cover apparatus
based on high voltage electrostatic principles such as electrostatic paint spraying. The requirements of UL 913
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specifically apply only to linear circuits; nonlinear circuits are to be subject to a special investigation which may
include the requirements for linear circuits. Note that all digital and switching circuits are nonlinear, and technically
would be excluded from coverage by UL 913.
Testing Method
The second method discussed in UL 913 by which devices can be shown to be intrinsically safe involves testing a
circuit or system in an explosion chamber in the presence of specific sample gases. The testing technique is
particularly applicable to those situations in which the analyses of the comparison method are not conclusive. UL
913 describes in detail the testing apparatus, how testing is to be done, and the pass/fail criteria for the tests.
Nonincendive Verification (all Classes and Divisions EXCEPT Class I and II, Division 1)
The requirements for nonincendive verification are contained in ISA 12.12.01 Nonincendive Electrical Equipment for
Use in Class I and II, Division 2 and Class III, Divisions 1 and 2 Hazardous (Classified) Locations. While this standard
has a number of similarities to UL 913, it also has some substantive differences.
Like UL 913, ISA 12.12.01 does not cover mechanisms of ignition from external sources that are not related to the
electrical characteristics of the equipment, such as static electricity or lightning. Similarly, the standard also does not
apply to nonlinear circuits, which includes all digital and switching circuits.
The definitions for intrinsic safety and nonincendive from ISA 12.12.01 show that both are basically trying to
accomplish the same thing, albeit at different levels due to Division 1 or Division 2 considerations:
Nonincendive equipment: equipment having electrical/electronic circuitry that is not capable,
under normal operating conditions, of causing ignition of a specified flammable gas-, vapor-,
dust-air mixture or fibers or flyings due to arcing or thermal means.
Intrinsically safe: Any spark or thermal effect that may occur in normal use, or under any
conditions of fault likely to occur in practice, is incapable of causing an ignition of the prescribed
flammable gas, vapor, or dust.
The definitions in ISA 12.12.01 match the definitions in NFPA 70. The primary difference between the two
techniques is the requirement for intrinsic safety to include “any conditions of fault32 likely to occur in practice.”
ISA 12.12.01 is similar to UL 913 in specifying two possible methods to determine that a circuit or field wiring is
nonincendive: (1) by comparing calculated or measured values of current, voltage, inductance, and capacitance
against the same eight graphs of ignition curves as in UL 913, and (2) by testing samples in an explosion chamber
with explosive gases. A major difference for ISA 12.12.01is that neither of the two nonincendive methods considers
internal faults in the circuit. This distinction between intrinsic safety (UL 913) and nonincendive (ISA 12.12.01) thus
represents a huge difference in both potential safety of the electronic equipment as well as the difficulty in meeting
the standards. For intrinsic safety, double faults cannot cause an explosion, whereas for nonincendive, a single
internal fault is allowed to cause an explosion.
Another difference for ISA 12.12.01 is that the requirements for enclosures are not as stringent or explicit as
outlined in UL 913. ISA 12.12.01 requires that “enclosures shall provide a suitable degree of protection against
deterioration of the equipment that would adversely affect its suitability for use in Class I, Division 2 locations.”
However, there is no clear definition of exactly what constitutes “a suitable degree of protection against
32

Note: the requirement in UL 913 for no explosions with double faults is not explicitly stated in NFPA 70. It would appear that
this requirement is a logical extension of the requirement for double protection techniques used throughout NFPA 70, including
double insulation, double locknuts, and double interlocks.

Page 71

deterioration,” leaving considerable room for subjective interpretation of the standard by different manufacturers
and certification groups.
Another distinction between ISA 12.12.01 and UL 913 when using the comparison analysis method is whether or not
the maximum voltages and currents require a safety margin Test Factor: UL 913 requires a Test Factor of 1.22 or 1.5
depending on the specific edition of the standard, but ISA 12.12.01 requires no such safety margin.
To summarize the safety certification process for electronic safety equipment, Step 1, Hazard Classification, is
reasonably well defined in terms of Classes, Groups, and Temperature Codes by NFPA 70. However the hazard
classification in terms of Divisions by NFPA 70 is somewhat vague, thus opening the certification process to
subjective interpretation. Step 2, Verification, is quite explicit and depends on whether UL 913 (intrinsic safety) or
ISA 12.12.01 (nonincendive) is used. Of the two standards, UL 913 is significantly more restrictive due primarily to
the requirement that the circuits cannot cause an explosion under normal operation, or even if one or two faults
occur within the circuit. In contrast, ISA 12.12.01 has no requirement on faults; if a fault occurs, the circuit is allowed
to cause an explosion. The justification for the safety reduction for ISA 12.12.01 is that the probability of occurrence
of the hazard itself is lower; whether the probability is low enough to compensate for the reduction in safety then
becomes a deciding factor to determine which of the two certification methods should be used.

B. Other Certification Standards
The discussion above has focused on three standards: NFPA 70, UL 913, and ISA 12.12.01. It should be noted that
there are other standards that attempt to provide equivalent safety performance. For example, there are multiple
editions of all three documents. In some cases, other standards make reference to specific editions of these
standards. For example NFPA 1981 Standard for Open-Circuit Self-Contained Breathing Apparatus (SCBA) and NFPA
1982 Standard on Personal Alert Safety Systems (PASS) refer explicitly to the Sixth Edition of UL 913. Similarly
ANSI/TIA 4950 Requirements for Battery- Powered, Portable Land Mobile Radio Applications in Class I, II, and III,
Division 1, Hazardous (Classified) Locations explicitly references the Fifth Edition of UL 913. Those standards which
only differ based on the specific editions of NFPA 70, UL 913, or ISA 12.12.01 would be expected to have only small
variations in the level of safety protection. On the other hand, significant differences between standards would
occur depending on whether nonincendive or intrinsically-safe certification was being provided.

PASS
SCBA

NFPA
Standard
1982-7.6
1981-6.1.8

TIC

1801-7.1.4

ESE
LMR

1800-7.2.1
TIA-4950

Device

Level of Protection
Class I (Gases, Vapors, or Liquids)
Class II (Dusts)
Group
Group
Temp
A
B
C
D
E
F
G
Code
Acetylene Hydrogen Ethylene Propane
Metal
Coal Grain
1
1
1
1
1
1
1
1
1
1
T3,T4,
2
2
T5,T6
2
2
2
2
2
33
1
1
1

Table 7-5. Divisions and Temperature Codes for ESE

33

Applies to both propane and methane.
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Temp
Code

Class III
(Fibers,
Flyings)

-

-

-

-

165°C

2
1

C. Current Safety Requirements for ESE
Table 7-5 shows the requirements for ESE based on the current editions of NFPA standards. The table included TIA
4950 for land mobile radios (LMR). The table does not include NFPA 1802 since it is currently being written; it will
become the NFPA standard for LMR when finalized and approved. The table shows that there are inconsistencies
between the different standards in terms of which Classes, Groups, Temperature Codes, and Divisions are specified.
The recommendation is made that wherever possible, all NFPA standards should use the same level of protection
(Classes, Groups, Temperature Codes, and Divisions) to provide consistency throughout the ensemble of electronic
safety equipment (ESE) carried by First Responders.
Hazard
Class I Group Class II Group
Class III
A B C D E
F
G

D. Hazard Analysis

Probability
Chapter 6 describes the Hazard Analysis that was conducted
Frequent
for this project. Table 7-6 shows an example that might be
Probable
X X
X
X
representative of the environment for an SCBA or a PASS
Occasional
X
device. However, this example may not be accurate. Clearly
Remote
X X
X
there is an urgent need to provide a more-reliable
Improbable
assessment of the probability that the specific hazards
Table 7-6. Probability of Intrinsic Safety Hazards
would be present for First Responders. The
recommendation is made that a follow-on survey be conducted to provide a more accurate estimate of the
probability of occurrence for the identified hazards to optimize the requirements of the various NFPA standards.

One of the activities related to the Hazard Analysis was to take an in-depth look at how the probability of an
explosion depends on whether intrinsic safety (UL 913) or nonincendive (ISA 12.12.01) is required for certification.
The analysis considered the probability of a single fault
within the circuit, the number of First Responders who
had the same circuit in their ensemble of electronic safety equipment, and the total number of times the circuit
would be taken into a hazardous environment over the life of the product (termed “events”). For simplicity, the
analysis assumed that all single faults were statistically independent, meaning that the occurrence of one single fault
did not affect the probability of occurrence of any other single fault. It also assumed that all single faults have the
same probability of occurrence. Mathematical formulas were then derived for the probability of an explosion for the
two types of safety certification (intrinsic safety and nonincendive). The conclusions of the analysis (reported in
detail in Chapter 6) are that for a large number of events and for estimated fault probabilities, the probability of an
explosion might be quite high for nonincendive certification and yet quite low for intrinsic safety certification. Table
7-7 is one of several tables that illustrate the striking difference between nonincendive and intrinsically-safe
certification methods.
Probability of Single Fault

Probability of Explosion for
Nonincendive Certification

⁄
0.001
0.0001
0.00001
0.000001
0.0000001

Probability of Explosion for
Intrinsic Safety Certification

⁄

1,000
1
1
0.095
10,000
1
1
1 x 10-4
100,000
1
1
1 x 10-7
1,000,000
1
1
1 x 10-10
10,000,000
1
1
1 x 10-13
Table 7-7. Probability of an Explosion for N=100,000,000 Events
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⁄
10.5
1x104
1 x 107
1 x 1010
1 x 1013

Probability of Explosion

Figure 7-8 illustrates graphically
the dramatic difference between
nonincendive and intrinsicallysafe certification methods. The
vertical scale on the left is the
probability of an explosion; the
higher the value, the more likely
that an explosion will occur; the
color bar at the left indicates the
margin of safety. The horizontal
scale at the bottom is the
probability of a single fault. The
colored
family
of
curves
Division 2
represents the situation for
Nonincendive
different values of N, the total
number of events; nonincendive
and intrinsically-safe curves for
the same value of N have the
same color to allow easy
comparison between the two
methods. Note that most of the
Division 1
nonincendive curves at the upper
Intrinsic
right are uniformly close to 1 for
Safety
higher values of
and N,
meaning that at least one
explosion would be virtually
Probability of Single Fault, pf
certain in these situations. The
Fig. 7-8. Probability of an Explosion based on Number of Events
steep slope of the intrinsicallyand Probability of a Single Fault
safe curves compared to the
nonincendive curves is simply the result of the single vs. triple fault requirements.
The analysis concluded that nonincendive certification would be safe only for extremely low fault probabilities and
low number of events. For general electronic safety equipment routinely used by First Responders, intrinsic safety
certification is highly preferred over nonincendive certification. This project recommends that all electronic safety
equipment (ESE) routinely carried by First Responders should be certified for use in all Class I, II, and III, Division 1
and 2 hazardous areas; for single-protection methods, this means that the ESE should be certified as intrinsically
safe.
The lottery provides a simple analogy for the probability of an explosion. The odds of winning Mega Millions or the
Powerball are infinitesimal (about 1 in 175 million). However, these lotteries regularly produce at least one winner.
Applying this analogy to intrinsic safety, the odds for a particular responder being in an explosion at one incident
may appear to be infinitesimal. However, the task facing the various NFPA committees is to specify certification
requirements that will prevent all possible explosions throughout the U.S. in a five or ten year period (the life cycle
of a particular product). To accomplish this level of safety requires the ESE ensemble to be extremely safe; if it is not,
Page 74

the consequence would almost certainly be loss of life—hence the preference for Division 1 intrinsically-safe
certification over Division 2 nonincendive certification.

E. Recommendations
To summarize, the recommendations of this project are:
 Wherever possible, all NFPA standards should use the same level of protection (Classes, Groups,
Temperature Codes, and Divisions) to provide consistency throughout the ensemble of electronic safety
equipment (ESE) carried by First Responders.
 A follow-on survey should be conducted to provide a more accurate estimate of the probability of
occurrence for the identified hazards to optimize the requirements of the various NFPA standards.
 All electronic safety equipment (ESE) routinely carried by First Responders should be certified for use in all
Class I, II, and III, Division 1 and 2 hazardous areas; for single-protection methods, this means that the ESE
should be certified as intrinsically safe.
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Appendix A: Sample Survey
Sample questionnaire for survey on probability of occurrence of specific hazards.
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Name:
Dept. (City, State):
Email:

Fibers or Flyings

Shavings

Dust

Liquid

Gas

Form

Position:
Dept. Size:

Material
Welding gas
Hydrogen
Ethylene
Propane
Natural gas
Ammonia
Liquid propane (LP)
Liquid natural gas
Liquid hydrogen
Anhydrous ammonia
Solvent
Acid
Fuels

Examples
Acetylene, oxygen

Methane

Methane

Alcohol, TCE, MEK, acetone
Sulfuric, hydrochloric, nitric, phosphoric
Gasoline, diesel fuel, jet fuel, kerosene

Metal dust
Coal dust
Grain dust
Sawdust
Flour

Iron, steel, aluminum, magnesium

Metal
Plastics
Wood

Iron, steel, aluminum, magnesium
Styrofoam, polyethylene, styrene, urethane

Cloth
Wood
Rope, mats
Packing, insulation
Foods

Cotton, rayon, silk

Wheat, corn, soybeans,

Sisal, jute, hemp,
Excelsior, Spanish moss, kapok
Cocoa

Hazard Calls/Year:
Phone:
How likely at hazardous scene?
High
Low




























































































































































Years as First Responder:
Total Calls/Year:

Comments

Background
Equipment carried by First Responders into a hazardous (combustible or flammable) atmosphere must not be capable of triggering an explosion.
Under-designed equipment may possibly provide an ignition source, while over-designed equipment may sacrifice critical operational features
(such as battery life or operating range). The Fire Protection Research Foundation and the NFPA Electronic Safety Equipment Technical Committee
are conducting a survey to determine which specific types of hazardous atmospheres are likely to be encountered by First Responders throughout
the U.S. This information will be used by the various Technical Committees to provide consistency between (a) the hazardous atmosphere data,
and (b) the performance requirements of the equipment standards.
Instructions
Please fill out the questionnaire, focusing on the hazardous (combustible and flammable) atmospheres that have been encountered or might be
encountered by your department. Feel free to add examples that are not specifically mentioned and to add any explanatory comments. If you feel
have additional information that might be useful on this important issue, please attach it or write it below.

Please return your questionnaire to:

Thanks for your help.

HazardSurvey01 r03

