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This edition of NFPA 69, Standard on Explosion Prevention Systems, was prepared by the
Technical Committee on Explosion Protection Systems. It was issued by the Standards Coun-
cil on November 12, 2013, with an effective date of December 2, 2013, and supersedes all
previous editions.

This document has been amended by one or more Tentative Interim Amendments (TIAs)
and/or Errata. See “Codes & Standards” at www.nfpa.org for more information.

This edition of NFPA 69 was approved as an American National Standard on December 2,
2013.

Origin and Development of NFPA 69
In 1965, an NFPA Committee was appointed to develop standards for explosion protection

systems. These standards included information on inerting to prevent explosions and on
venting to minimize damage from an explosion.

A tentative draft on explosion prevention systems was presented at the NFPAAnnual Meet-
ing in New York City in May 1969. This tentative document was officially adopted in May 1970.
NFPA 69 was revised in 1973 and reconfirmed in 1978.

In 1982, the Committee on Explosion Protection Systems began a thorough review of
NFPA 69, including the development of a chapter on the technique of deflagration pressure
containment. The results of that effort became the 1986 edition.

The 1992 edition of NFPA 69 incorporated a new chapter on deflagration isolation sys-
tems. Partial amendments were made to refine definitions, improve descriptions of oxidant
concentration reduction techniques, improve material on deflagration suppression, and fine-
tune deflagration pressure containment material.

The 1997 edition of this standard included some reorganization and updating of the
technical material to improve its usability. New material was added on enrichment to operate
above the upper flammable limit as a means of explosion protection with minimum oxidant
concentrations for preventing explosions. Material was added for provisions on reliability of
explosion protection control systems and deflagration suppression systems for consistency
with other NFPA standards.

The 2002 edition of NFPA 69 included new information on spark detection and extinguish-
ment system design. A reorganization of the protection methods reflected a hierarchy based on
the degree of explosion prevention. The limiting oxidant concentration values for gases and
vapors inAnnex C were updated based on recent research. The standard was revised to reflect the
requirements of the Manual of Style for NFPA Technical Committee Documents.

The 2008 edition incorporated a comprehensive revision to the standard that included a
performance-based option in addition to the existing specification methods for explosion
prevention. This revision included new requirements for detection and ignition control,
suppression, and active and passive isolation. The Committee also added a chapter on passive
suppression using expanded metal mesh or polymer foams. A new chapter on installation,
inspection, and maintenance addressed the concept of safety integrity and reliability. New
definitions supporting the expanded requirements were added and existing definitions were
updated to conform to the NFPA Glossary of Terms.

The 2014 edition has been revised and updated to improve the overall clarity and use of
the document. Design requirements for flow-actuated flap valves and a new annex, Deflagra-
tion Containment Calculation Method for Two Interconnected Vessels, have been incorpo-
rated. The operating safety margins for oxidant concentration control have also been modi-
fied, in order to remove discontinuity. In addition, the use of the term commissioning has been
updated throughout the document for compatibility with NFPA 3, Recommended Practice for
Commissioning and Integrated Testing of Fire Protection and Life Safety Systems.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

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

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (•) between the paragraphs that
remain.

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

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

Chapter 1 Administration

1.1 Scope. This standard applies to the design, installation,
operation, maintenance, and testing of systems for the preven-
tion of explosions by means of the following methods:

(1) Control of oxidant concentration
(2) Control of combustible concentration
(3) Predeflagration detection and control of ignition sources
(4) Explosion suppression
(5) Active isolation
(6) Passive isolation
(7) Deflagration pressure containment
(8) Passive explosion suppression

1.2 Purpose.

1.2.1 This standard shall cover the minimum requirements
for installing systems for the prevention of explosions in en-
closures that contain flammable concentrations of flammable
gases, vapors, mists, dusts, or hybrid mixtures.

1.2.2 This standard shall provide basic information for de-
sign engineers, operating personnel, and authorities hav-
ing jurisdiction.

1.2.3* To meet a minimum level of reliability, explosion pre-
vention and control systems provided in accordance with the
requirements of this standard shall include, but not be limited
to, the following:

(1) Design system verification through testing
(2) Design documentation
(3) System acceptance
(4) Management of change
(5) Regular testing and maintenance

1.3 Application. This standard shall apply to methods for pre-
venting and controlling explosions.

1.3.1 Where provided, explosion prevention shall be achieved
by one or more of the following methods as required to mitigate
damage, prevent transport of an ignition source, and prevent
deflagration:

(1) Using the methods in Chapter 7 or 8 to control the envi-
ronment within the protected enclosure so that a defla-
gration cannot occur

(2) Using the methods in Chapter 9, 11, or 12 to prevent the
propagation of a deflagration or to prevent the transport
of an ignition source

(3) Using the methods in Chapter 10, 13, or 14 or in NFPA 68,
Standard on Explosion Protection by Deflagration Venting, to
mitigate the effects of the deflagration so that the pro-
tected enclosure will not be uncontrollably breached

1.3.1.1 It shall be permitted to use the methods in Chapters 4
and 5 in lieu of the methods in Chapters 7 through 14.

1.3.1.2 This standard shall apply to methods for predeflagra-
tion detection or control of an ignition. When desired by the
owner or operator, or required by the authority having juris-
diction, or when required by other standards, predeflagration
detection or control of an ignition shall be achieved by meth-
ods described in Chapter 9.

1.3.1.2.1 These methods shall be permitted to be used inde-
pendently to reduce the frequency of deflagrations.

1.3.1.2.2 These methods shall be permitted to be used as an
additional detector for a method of Chapter 10, 11, 12, or 13.

1.3.1.2.3 These methods shall not interfere with the opera-
tion of the validated system.

1.3.1.2.4 These methods shall not be permitted to be used as
the sole detector for a method of Chapter 10, 11, 12, or 13.

1.3.1.3* When another standard requires explosion preven-
tion or control in accordance with NFPA 69 for an enclosure
and that enclosure is interconnected to other enclosures by a
line containing combustible dust, gas, mist, or hybrid mixtures
that could transmit flame or pressure from the original enclo-
sure, explosion prevention or control shall be provided for
interconnected enclosures by one of the following methods:

(1) Deflagration isolation as discussed in Chapters 11 and 12
(2) Explosion venting of the interconnected enclosures within

the limitations specified in NFPA 68, Section 8.10
(3) Containment as discussed in Chapter 13
(4) Expanded metal mesh or polymer foam as discussed in

Chapter 14

1.3.1.4 It shall be permitted to eliminate deflagration isolation
protection for interconnected enclosures based on a docu-
mented risk analysis acceptable to the authority having jurisdic-
tion, unless isolation protection is specifically required for such
enclosure by other standards.
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1.3.2 This standard shall not apply to the following condi-
tions:

(1) Devices or systems designed to protect against detonations
(2)*Design, construction, and installation of deflagration vents
(3) Protection against overpressure due to phenomena

other than internal deflagrations
(4) Chemical reactions other than combustion processes
(5) Unconfined deflagrations, such as open-air or vapor

cloud explosions
(6) Rock dusting of coal mines, as covered by 30 CFR 75
(7) General use of inert gas for fire extinguishment
(8)*Preparation of tanks, piping, or other enclosures for hot

work, such as cutting and welding
(9) Ovens or furnaces handling flammable or combustible

atmospheres, as covered by NFPA 86
(10) Marine vapor control systems regulated by 33 CFR 154
(11) Marine vessel tanks regulated by 46 CFR 30, 32, 35, and 39

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
protection from the hazards addressed in this standard at the
time the standard was issued.

1.4.1 Unless otherwise specified, the provisions of this stan-
dard shall not apply to facilities, equipment, structures, or in-
stallations that existed or were approved for construction or
installation prior to the effective date of the standard. Where
specified, the provisions of this standard shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this standard
deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be
permitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdic-
tion, and only where it is clearly evident that a reasonable
degree of safety is provided.

1.5 Equivalency. Nothing in the standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

Chapter 2 Referenced Publications

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

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

NFPA 61, Standard for the Prevention of Fires and Dust Explo-
sions in Agricultural and Food Processing Facilities, 2013 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2013 edition.

NFPA 70®, National Electrical Code®, 2014 edition.
NFPA 72®, National Fire Alarm and Signaling Code, 2013 edition.
NFPA 86, Standard for Ovens and Furnaces, 2011 edition.

NFPA 271, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter, 2009 edition.

NFPA 326, Standard for the Safeguarding of Tanks and Contain-
ers for Entry, Cleaning, or Repair, 2010 edition.

NFPA 484, Standard for Combustible Metals, 2012 edition.
NFPA 654, Standard for the Prevention of Fire and Dust Explo-

sions from the Manufacturing, Processing, and Handling of Combus-
tible Particulate Solids, 2013 edition.

2.3 Other Publications.

2.3.1 API Publications. American Petroleum Institute, 1220
L Street, NW, Washington, DC 20005-4070.

ANSI/API 510, Pressure Vessel Inspection Code: In-Service In-
spection, Rating, Repair, and Alteration, Ninth Edition, 2006.

2.3.2 ASME Publications. American Society of Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

ASME Boiler and Pressure Vessel Code, Section VIII, 2010.

ASME B31.3, Process Piping, 2012.

2.3.3 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM D 257, Standard Test Methods for DC Resistance or Con-
ductance of Insulating Materials, 2007.

ASTM D 3574, Standard Test Methods for Flexible Cellular Materi-
als — Slab, Bonded and Molded Urethane Foams, 2011.

ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxi-
dant) Concentration for Gases and Vapors, 2007.

2.3.4 ISO Publications. International Organization for Stan-
dardization, 1, ch. de la Voie-Creuse, Case postale 56, CH-1211
Geneva 20, Switzerland.

ISO 16852, Flame Arresters — Performance Requirements, Test
Methods and Limits for Use, 2008.

2.3.5 Military Specifications. Department of Defense Single
Stock Point, Document Automation and Production Service,
Building 4/D, 700 RobbinsAvenue, Philadelphia, PA19111-5094.

MIL-DTL-83054C, Baffle and Inerting Material, Aircraft Fuel
Tank, 2003.

MIL-PRF-87260B, Foam Material, Explosion Suppression, Inher-
ently Electrically Conductive, for Aircraft Fuel Tanks, 2006.

2.3.6 U.S. Government Publications. U.S. Government
Printing Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1910.146,
“Permit-Required Confined Spaces Standard.”

Title 29, Code of Federal Regulations, Part 1910.147, “The
Control of Hazardous Energy (Lock-Out/Tag-Out).”

Title 30, Code of Federal Regulations, Part 75.

Title 33, Code of Federal Regulations, Part 154, “Water-
front Facilities.”

Title 46, Code of Federal Regulations, Part 30.

Title 46, Code of Federal Regulations, Part 32, “Shipping.”

Title 46, Code of Federal Regulations, Part 35.

Title 46, Code of Federal Regulations, Part 39.

Title 49, Code of Federal Regulations, Part 173.24, U.S.
Department of Transportation, “General Requirements for
Packaging and Packages.”
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2.3.7 Other Publications.

Bartknecht, W., Explosions: Course, Prevention, Protection,
Springer-Verlag, Heidelberg, Germany, 1989.

Merriam-Webster’s Collegiate Dictionary, 11th edition,
Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.
NFPA 68, Standard on Explosion Protection by Deflagration Vent-

ing, 2013 edition.
NFPA 72®, National Fire Alarm and Signaling Code, 2013 edi-

tion.
NFPA 302, Fire Protection Standard for Pleasure and Commercial

Motor Craft, 2010 edition.
NFPA497, Recommended Practice for the Classification of Flammable

Liquids, Gases, or Vapors and of Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas, 2012 edition.

NFPA 654, Standard for the Prevention of Fire and Dust Explo-
sions from the Manufacturing, Processing, and Handling of Combus-
tible Particulate Solids, 2013 edition.

Chapter 3 Definitions

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

3.2 NFPA Official Definitions.

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

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

3.2.3 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or mate-
rials, and by whose labeling the manufacturer indicates com-
pliance with appropriate standards or performance in a
specified manner.

3.2.4* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

3.2.5 Shall. Indicates a mandatory requirement.

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

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-

tion into law. Nonmandatory provisions are not to be consid-
ered a part of the requirements of a standard and shall be
located in an appendix, annex, footnote, informational note,
or other means as permitted in the Manual of Style for NFPA
Technical Committee Documents.

3.3 General Definitions.

3.3.1 Blanketing (or Padding). The technique of maintaining
an atmosphere that is either inert or fuel-enriched in the va-
por space of a container or vessel.

3.3.2 Burning Velocity.

3.3.2.1 Flame Burning Velocity. The burning velocity of a
laminar flame under specified conditions of composition,
temperature, and pressure for unburned gas.

3.3.2.2 Fundamental Burning Velocity. The burning velocity
of a laminar flame under stated conditions of composition,
temperature, and pressure of the unburned gas. [68, 2013]

3.3.3 Combustible. Capable of undergoing combustion.

3.3.4* Combustible Dust. A finely divided combustible par-
ticulate solid that presents a flash fire hazard or explosion
hazard when suspended in air or the process-specific oxidizing
medium over a range of concentrations [654, 2013].

3.3.5* Combustible Particulate Solid. An oxidizable, solid-
phase material comprising distinct particles or pieces.

3.3.6 Combustion. A chemical process of oxidation that oc-
curs at a rate fast enough to produce heat and usually light in
the form of either a glow or flame.

3.3.7 Concentration Reduction.

3.3.7.1 Combustible Concentration Reduction. The tech-
nique of maintaining the concentration of combustible
material in a closed space below the lower flammable limit.

3.3.7.2 Oxidant Concentration Reduction. The technique of
maintaining the concentration of an oxidant in a closed space
below the concentration required for ignition to occur.

3.3.8 Deflagration. Propagation of a combustion zone at a
velocity that is less than the speed of sound in the unreacted
medium. [68, 2013]

3.3.9 Deflagration Pressure Containment. The technique of
specifying the design pressure of a vessel and its appurte-
nances so they are capable of withstanding the maximum pres-
sures resulting from an internal deflagration.

3.3.10 Deflagration Suppression. The technique of detecting
and arresting combustion in a confined space while the com-
bustion is still in its incipient stage, thus preventing the devel-
opment of pressures that could result in an explosion.

3.3.11 Detonation. Propagation of a combustion zone at a
velocity that is greater than the speed of sound in the unre-
acted medium. [68, 2013]

3.3.12 Enclosure. A confined or partially confined volume.
[68, 2013]

3.3.13 Enclosure Strength (Pes). Up to two-thirds the ultimate
strength for low-strength enclosures; for high-strength enclo-
sures the enclosure design pressure sufficient to resist Pred.
[68, 2013]

3.3.14 Explosion. The bursting or rupture of an enclosure or
a container due to the development of internal pressure from
a deflagration.
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3.3.15 Fast-Acting Valve. A valve that closes a path of deflagra-
tion propagation in a pipe or duct in response to upstream
detection of a deflagration.

3.3.16* Flame Arrester. A device that prevents the transmis-
sion of a flame through a flammable gas/air mixture by
quenching the flame on the surfaces of an array of small pas-
sages through which the flame must pass.

3.3.17 Flame Front Diverter. A device that opens in response
to the pressure wave preceding the flame front of the deflagra-
tion, thereby venting the pressure wave and flame front.

3.3.18 Flame Speed. The speed of a flame front relative to a
fixed reference point. [68, 2013]

3.3.19* Flammable Limits. The minimum and maximum con-
centrations of a combustible material in a homogeneous mix-
ture with a gaseous oxidizer that will propagate a flame.

3.3.19.1 Lower Flammable Limit (LFL). The lowest con-
centration of a combustible substance in an oxidizing me-
dium that will propagate a flame.

3.3.19.2 Upper Flammable Limit (UFL). The highest con-
centration of a combustible substance in a gaseous oxidizer
that will propagate a flame. [68, 2013]

3.3.20 Flammable Range. The range of concentrations be-
tween the lower and upper flammable limits. [68, 2013]

3.3.21 Gas. The state of matter characterized by complete
molecular mobility and unlimited expansion; used synony-
mously with the term vapor. [68, 2013]

3.3.21.1 Inert Gas. A gas that is noncombustible and non-
reactive.

3.3.21.2 Purge Gas. An inert or a combustible gas that is
continuously or intermittently added to a system to render
the atmosphere nonignitible.

3.3.22* Hybrid Mixture. An explosible heterogeneous mixture,
comprising gas with suspended solid or liquid particulates, in
which the total flammable gas concentration is ≥10 percent of
the lower flammable limit (LFL) and the total suspended par-
ticulate concentration is ≥10 percent of the minimum explosible
concentration (MEC). [68, 2013]

3.3.23 Inerting. A technique by which a combustible mixture
is rendered nonignitible by adding an inert gas or a noncom-
bustible dust. (See also 3.3.1, Blanketing.)

3.3.24* Isolation. A means of preventing certain stream prop-
erties from being conveyed past a predefined point.

3.3.24.1 Chemical Isolation. A means of preventing flame
front and ignition from being conveyed past a predeter-
mined point by injection of a chemical suppressant.

3.3.24.2 Deflagration Isolation. A method employing equip-
ment and procedures that interrupts the propagation of a
deflagration flame front past a predetermined point.

3.3.24.3 Flow Isolation. A method employing equipment
and procedures that interrupts flow and prevents pressure
rise beyond a predetermined point.

3.3.24.4 Ignition Source Isolation. A method employing
equipment and procedures that interrupts the propaga-
tion of an igniting medium past a predetermined point.

3.3.25* Limiting Oxidant Concentration (LOC). The concen-
tration of oxidant in a fuel-oxidant-diluent mixture below
which a deflagration cannot occur under specified conditions.

3.3.26 Liquid Seal. A device that prevents the passage of flame
by passing the gas mixture through a noncombustible liquid.

3.3.27 Maximum Experimental Safe Gap (MESG). The maxi-
mum clearance between two parallel metal surfaces that has
been found, under specified test conditions, to prevent an
explosion in a test chamber from being propagated to a sec-
ondary chamber containing the same gas or vapor at the same
concentration. [497, 2012]

3.3.28 Maximum Pressure (Pmax). The maximum pressure
developed in a contained deflagration of an optimum mix-
ture. [68, 2013]

3.3.29 Mist. A dispersion of fine liquid droplets in a gaseous
medium. [68, 2013]

3.3.30 Oxidant. Any gaseous material that can react with a fuel
(either gas, dust, or mist) to produce combustion. [68, 2013]

3.3.31 Padding. See 3.3.1.

3.3.32 Pressure Piling. A condition during deflagration in
which pressure increases in the unreacted medium ahead of
the propagating combustion zone.

3.3.33 Qualified Person. A person who possesses a recog-
nized degree, certificate, professional standing, or skill and
who, by knowledge, training, and experience, has demon-
strated the ability to deal with problems related to the subject
matter, the work, or the project.

3.3.34* Reduced Pressure (Pred). The maximum pressure de-
veloped in a vented enclosure during a vented deflagration.
[68, 2013]

3.3.35* Self-Decomposing Mixtures. Materials or mixtures ca-
pable of propagating a flame in the absence of oxidant.

3.3.36 Spark Extinguishing System. An extinguishing system
in which the radiant energy of a spark or an ember is detected
and the spark or ember is quenched.

3.3.37 Suppressant. The chemical agent used in a deflagra-
tion suppression system to extinguish the deflagration.

3.3.38 System Acceptance. A series of actions to verify instal-
lation, operation, and integration of the protection system in
accordance with the basis of design, as well as training, valida-
tion testing, documentation, and arming of the system.

3.3.39 Trouble Signal. A signal that results from the detection
of a trouble condition. [72, 2013]

3.3.39.1 Trouble Condition. An abnormal condition in a
system due to a fault. [72, 2013]

3.3.40 Vapor. See 3.3.21.

3.3.41 Ventilation. The changing of air within a compart-
ment by natural or mechanical means. [302, 2010]

Chapter 4 General Requirements

4.1 Goal. The goal of this standard shall be to provide effec-
tive deflagration prevention and control for enclosures where
there is the potential for a deflagration.
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4.2 Objectives.

4.2.1 Life Safety.

4.2.1.1 Deflagration prevention and control for occupied en-
closures shall prevent the structural failure of the enclosure
and minimize injury to personnel in adjacent areas outside of
the enclosure.

4.2.1.2 Deflagration prevention and control for unoccupied
enclosures shall prevent the rupture of the enclosure.

4.2.1.3 Deflagration prevention and control shall be ar-
ranged to avoid injury to personnel.

4.2.2 Property Protection.

4.2.2.1 Deflagration prevention and control systems shall be
designed to limit damage of the protected enclosure.

4.2.2.2 Deflagration prevention and control systems shall be
arranged to avoid ignition of adjacent property.

4.2.2.3 Deflagration prevention and control systems shall be
designed to avoid damage to adjacent property.

4.2.2.4 Deflagration prevention and control shall be de-
signed to avoid projectile damage to adjacent property.

4.2.3 Hazard Analysis.

4.2.3.1 The design basis deflagration hazard scenario shall be
identified and documented.

4.2.3.2 A documented risk evaluation acceptable to the au-
thority having jurisdiction shall be permitted to be conducted
to determine the level of protection to be provided.

4.3 Compliance Options.

4.3.1 Options. Deflagration protection and control meeting
the goals and objectives of Sections 4.1 and 4.2 shall be pro-
vided in accordance with either of the following:

(1) The performance-based provisions of 4.3.2
(2) The prescriptive-based provisions of 4.3.3

4.3.2 Performance-Based Design. A performance-based de-
sign shall be in accordance with Chapter 5 of this standard.

4.3.3 Prescriptive-Based Design. A prescriptive-based design
shall be in accordance with Chapters 6 through 15 of this
standard.

Chapter 5 Performance-Based Design Option

5.1 General Requirements.

5.1.1 Qualifications. The performance-based design shall be
prepared by a person with qualifications acceptable to the au-
thority having jurisdiction.

5.1.2 Design Documentation. The design methodology and
data sources shall be documented and maintained for the life
of the protected enclosure.

5.1.3 Management of Change.

5.1.3.1 To continue meeting the performance goals and ob-
jectives of this standard, the design features required for each
prevention and control system shall be maintained for the life
of the protected enclosure.

5.1.3.2 Any changes to the process shall require review of the
design basis for each affected prevention and control system
prior to implementation of the change.

5.1.3.3 Any changes to the design features shall require
approval of the authority having jurisdiction prior to the
actual change.

5.2 Performance Criteria.

5.2.1 Prevention and control system design shall be based on
the documented hazard scenario.

5.2.2 Prevention and control systems shall limit the reduced
pressure (Pred) within an enclosure to meet the objectives in
4.2.1.1 and 4.2.1.2.

5.2.3 Deflagration Prevention and Control.

5.2.3.1 Combustible material outside the enclosure shall not
attain their ignition temperature from flame or hot gases.

5.2.3.2 Prevention and control systems shall limit the risk of
damage to exposed structures.

5.2.3.3 Prevention and control systems shall not expose per-
sonnel to flame, hot gases, hot particles, toxic materials, or
projectiles.

5.2.3.4 Prevention and control systems shall limit the risk of
flame spread from vessel to vessel via interconnected ducts.

5.2.4 Inspection and Maintenance.

5.2.4.1 Prevention and control systems shall be regularly in-
spected and maintained to confirm the ability to perform as
designed.

5.2.4.1.1 If no guidance is given from the performance-based
design documents, the requirements of Chapter 15 of this
standard shall apply.

5.2.4.2 Inspection and maintenance shall be documented
and retained for at least 1 year or the last three inspections.

Chapter 6 General Prescriptive Requirements

6.1* Methods. The methods recognized in this standard shall
be grouped based on the prevention of combustion or on the
prevention or limitation of damage after combustion occurs.

6.1.1 Methods Based on the Prevention of Combustion. The
following shall be considered methods based on preventing
combustion:

(1) Oxidant concentration reduction
(2) Combustible concentration reduction

6.1.2 Methods Based on the Prevention or Limitation of Dam-
age. The following shall be considered methods based on pre-
venting or limiting damage:

(1) Predeflagration detection and ignition control systems
(2) Deflagration suppression
(3) Isolation methods
(4) Deflagration pressure containment

6.2 Limitations. The limitations specific to each method shall
be considered and are specified in the corresponding chapter
for each method.
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6.3 Factors to Be Considered. The following factors shall be
considered in the selection of one of the methods and the
design of the system:

(1) Effectiveness of each method
(2) Reliability of the system
(3) Personnel hazards inherent in each method

6.3.1 The reliability of the system chosen shall be assessed
using the following factors:

(1) System design basis
(2) Possibility of electrical and mechanical malfunction
(3) Dependence on sophisticated activating systems
(4) Need for special installation, training, operating, testing,

and maintenance procedures
(5) Further limitations as presented in each chapter

6.3.2 In general, explosion prevention systems shall be used to
protect processing, storage, and materials-handling equipment.

6.3.3 When explosion prevention techniques are applied
to rooms, buildings, or other enclosures where personnel
are present, consideration shall be given to the safety of the
personnel.

6.3.4 When using the techniques of Chapters 10, 11, 12, or
13, or of NFPA 68, Standard on Explosion Protection by Deflagra-
tion Venting, the enclosure strength, Pes, of the protected
equipment shall be determined and all pertinent calculations
or test information, acceptable to the AHJ, shall be docu-
mented and certified by a licensed professional engineer.

6.3.4.1 Pred shall not exceed two-thirds of the ultimate
strength for the enclosure, provided deformation of the
equipment can be tolerated.

6.3.4.2 Where deformation cannot be tolerated, Pred shall
not exceed two-thirds of the yield strength for the enclosure.

6.3.4.3 Determination of required enclosure strength shall
be in accordance with NFPA 68, Section 4.3.

6.4 Plans.

6.4.1 Plans, system specifications, and manufacturer’s recom-
mendations for testing and maintenance shall contain infor-
mation that enables the authority having jurisdiction to evalu-
ate the explosion hazard and the effectiveness of the system.

6.4.2 Details of the plans shall include the following infor-
mation:

(1) Pertinent chemical and physical characteristics of the ma-
terials involved

(2) Location of hazards
(3) Enclosures or limits and isolation of the hazards
(4) Exposures to the hazards

6.5 System Acceptance. All new protection installations and
modifications shall be tested or otherwise evaluated to con-
firm operational integrity.

6.5.1 Tests shall be in accordance with the manufacturer’s
recommendations.

6.5.2 A written report of the tests shall be provided to the users.

6.6* Inspection and Maintenance.

6.6.1* All systems shall be inspected for operability in accor-
dance with the manufacturer’s recommendations.

6.6.2 An inspection and preventive maintenance schedule
shall be established in accordance with the manufacturer’s
recommendations.

6.7 Housekeeping. In facilities handling combustible particu-
late solids where such material(s) cannot be completely and
reliably contained within the process equipment during nor-
mal operation, there can be a significant risk for secondary
explosions from dust deposits in the process area. In such situ-
ations, housekeeping shall be performed in accordance with
NFPA 654, Standard for the Prevention of Fire and Dust Explosions
from the Manufacturing, Processing, and Handling of Combustible
Particulate Solids; NFPA 484, Standard for Combustible Metals; and
NFPA 61, Standard for the Prevention of Fires and Dust Explosions in
Agricultural and Food Processing Facilities.

Chapter 7 Deflagration Prevention by Oxidant
Concentration Reduction

7.1 Application. The technique for oxidant concentration re-
duction for deflagration prevention shall be permitted to be
considered where a mixture of oxidant and flammable mate-
rial is confined to an enclosure within which the oxidant con-
centration can be controlled.

7.1.1* The system shall be maintained at an oxidant concen-
tration that is low enough to prevent a deflagration.

7.1.2 Oxidant concentration reduction shall be permitted to
be applied to rooms or buildings, but because oxygen-
deficient atmospheres cannot sustain life, one of the following
shall apply:

(1) Operations in such areas shall be remotely controlled.
(2) Operating personnel shall be provided with breathing ap-

paratus as well as other safeguards.

7.1.3* The owner or operator shall evaluate the need for other
fire and explosion protection measures where the combustible
material leaves the low oxidant concentration environment.

7.1.4 Warning Signs.

7.1.4.1 Where oxidant concentration reduction that poses an
asphyxiation hazard is employed, warning signs shall be posted.

7.1.4.2 These warning signs shall be applied to either the
inerting system components, the enclosure, or both.

7.2 Design and Operating Requirements.

7.2.1* Design Considerations. The following factors shall be
considered in the design of a system intended to reduce the
oxidant concentration:

(1) Required reduction in oxidant concentration
(2) Variations in the process, process temperature and pres-

sure, and materials being processed
(3) Source purge gas supply and equipment installation
(4) Compatibility of the purge gas with the process
(5) Operating controls
(6) Maintenance, inspection, and testing
(7) Personnel exposure due to leakage of purge gas to sur-

rounding areas
(8) Need for breathing apparatus by personnel
(9)*Reduced effectiveness of purge gas due to equipment

leakage and loss through vents

69–10 EXPLOSION PREVENTION SYSTEMS

2014 Edition



7.2.2 Protection System Design and Operation.

7.2.2.1* The owner or operator shall be responsible for a thor-
ough analysis of the process to determine the type and degree
of deflagration hazards inherent in the process.

7.2.2.2 Information required for the oxidant concentration
monitoring and control shall be compiled and documented.
This shall include, but not be limited to, the following infor-
mation:

(1) Monitoring and control objectives
(2) Monitored and controlled areas of the process
(3) Dimensioned drawings of the process with the following

information:
(a) Equipment make and model if available, including

volumes and diameters and design strengths
(b) Plan and elevation views with flows indicated

(4) Startup, normal, shutdown, temporary operations, and
emergency shutdown process conditions and ranges for the
following factors:
(a) Flow
(b) Temperature
(c) Pressure
(d) Oxidant concentration

(5) Process flow diagram and description
(6) Ambient temperature in process area
(7) Process interlocks

7.2.2.3 The owner or operator shall disclose any and all pro-
cess information required for the protection system design.

7.2.2.4 The protection system design shall be subject to a
documented review by a qualified person.

7.2.2.5 The owner or operator shall be responsible for the
maintenance of the system after installation and acceptance
based on procedures provided by the vendor. Maintenance
records shall be retained for inspection by the authority hav-
ing jurisdiction.

7.2.2.6 The owner or operator shall be responsible for peri-
odic inspection of the system by personnel trained by the sys-
tem manufacturer. The inspection frequency shall be in accor-
dance with Section 15.7.

7.2.2.7 Management of Change. The effect of any process
change shall be addressed as specified in Section 15.11.

7.2.2.8 All documentation relevant to the protection system
shall be retained in accordance with Chapter 15.

7.2.3 Limiting Oxidant Concentrations (LOCs).

7.2.3.1* Table C.1(a) and Table C.1(b) shall be permitted to
be used as a basis for determining LOCs of flammable gases or
suspensions of combustible dusts.

7.2.3.1.1 For gases and vapors, if the LOC values according to
ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxi-
dant) Concentration for Gases and Vapors, are available, then
these shall be used.

7.2.3.1.2 For gases and vapors, if the LOC values according
to ASTM E 2079 are not available, then the LOC values
obtained in flammability tubes shall be used after adjust-
ment by subtracting 1.5 percent by volume oxidant for LOC
values of 10 percent or greater and by multiplying by a fac-
tor of 0.85 for LOC values less than 10 percent, as indicated
in the adjusted columns in Table C.1(a).

7.2.3.1.3 In no case shall the adjusted LOC value for carbon
dioxide inerting result in a value lower than that required for
nitrogen inerting.

7.2.3.2 For fuel, inert, and oxidant combinations not listed in
Table C.1(a) or Table C.1(b) or for situations when the pro-
cess conditions differ from the conditions under which the
existing data were obtained, the test methods described in
ASTM E 2079 shall be permitted to be used.

7.2.3.3 The extent of oxidant reduction shall be determined
by testing where conditions vary significantly from the test
conditions under which the data were obtained.

7.2.4 Use of Purge Gas Systems.

7.2.4.1 An additional backflash prevention or protection sys-
tem shall be installed if a purge gas system is used for lines
collecting flammable mixtures and the collection system ter-
minates at a flare or incinerator.

7.2.4.2 Hard-piped vapor control systems shall not require
flame arresters at each source connection to the system, pro-
vided that the system is designed to operate outside the flam-
mable range.

7.2.4.3 Systems requiring hookups prior to vapor transfer,
such as vapor collection from mobile vehicles, shall be purged
to a level below the LOC prior to transfer, or backflash protec-
tion shall be provided near the point of connection.

7.2.4.4* Where oxygen-deficient atmospheres are maintained
in equipment operating under conditions that might form py-
rophoric iron sulfides or other pyrophoric materials, a proce-
dure shall be developed to prevent uncontrolled oxidation of
the sulfides or other pyrophoric materials.

7.3 Purge Gas Sources.

7.3.1 The purge gas shall be obtained from a source that is
capable of continuously supplying the required amount of purge
gas to maintain the necessary degree of oxidant deficiency.

7.3.2 Possible sources of purge gas shall include, but shall not
be limited to, the following sources:

(1) Commercially available inert gas, such as nitrogen, carbon
dioxide, argon, or helium, supplied from high-pressure
tanks or cylinders or from air separation plants

(2) Inert gas supplied from a gas generator that burns or cata-
lytically oxidizes a hydrocarbon to produce an oxygen-
deficient purge gas

(3) Products of combustion from process furnaces or boiler
furnaces for which purification or cooling could be neces-
sary to avoid contamination

(4)*Steam, if it can be supplied at a rate that raises and main-
tains the protected vessel or system at a temperature high
enough to prevent condensation of the steam

(5) High-purity nitrogen supplied by air oxidation of ammonia
(6) Inert gas supplied by removal of oxygen from air by ab-

sorption, adsorption, chemical reaction, or membrane
permeation

(7) Fuel gases such as methane or natural gas

7.4 Purge Gas Conditioning.

7.4.1 Purge gas shall be conditioned to minimize contami-
nants that might be harmful to the gas distribution system or
that might interfere with the operation of the system.

7.4.2 Before introduction, the purge gas shall be at a tem-
perature compatible with the process being protected to mini-
mize the chance of thermal ignition or condensation.

7.4.3 Purge gas that is distributed in a system subject to freez-
ing temperatures shall have a dew point such that water con-
densation cannot occur at the minimum ambient tempera-
ture to which the system will be exposed.
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7.5 Piping Systems. Purge gas distribution systems shall be de-
signed and installed in accordance with recognized engineering
practices.

7.5.1 Where purge gas exceeds a gauge pressure of 103 kPa
(15 psi), the piping system shall be designed in accordance
with ASME B31.3, Process Piping.

7.5.2 Where required, piping systems shall be provided with
filters, screens, or other means of preventing foreign material
from entering critical parts of the system, such as pressure
regulators, valves, and instrumentation.

7.5.3 Where required, moisture traps shall be provided and
lines shall drain toward the traps.

7.5.3.1 Blowdown connections for moisture traps shall be
provided.

7.5.3.2 Moisture traps shall be protected from freezing.

7.5.4 When flue gas or combustion gas is used, means shall be
provided to prevent propagation of flame into the system be-
ing protected.

7.5.5* Manual shutoff valves shall be provided at each major
division point in the distribution system.

7.5.6 The inert gas distribution system shall be designed to
prevent contamination by hazardous process materials.

7.5.6.1 Where required, check valves or other design features
shall be incorporated to prevent the potential for contamina-
tion due to loss of purge gas supply or to excessive pressure in
the process unit being protected.

7.5.6.2 A single check valve shall not be considered a positive
backflow connection.

7.5.7* Cross-connections between the purge gas distribution
system and any other system shall be prohibited unless one of
the following criteria is met:

(1) Positive measures shall be taken to prevent backflow from
the other system into the purge gas system.

(2) Cross-connections to backup purge gas systems shall be
permitted without backflow prevention unless backflow
could create a hazard.

7.5.8 The entire distribution system shall be cleaned and
functionally tested prior to being placed in service.

7.5.9 The gases from an enclosure or vessel being purged shall
be vented to a safe location.

7.6 Application of Purge Gas at Points of Use. Purge gas shall
be introduced and exhausted so that distribution is ensured
and the desired reduction in oxidant concentration is main-
tained throughout the system being protected.

7.6.1 Multiple inlets and outlets shall be permitted.

7.6.2 Connections between the purge gas distribution piping
and the protected enclosure or system shall be designed for
maximum purge gas pressure.

7.7 Instrumentation.

7.7.1* General. Instrumentation shall be provided to monitor
the purge gas being supplied to the distribution system.

7.7.1.1 Instrumentation shall be calibrated according to the
requirements in Chapter 15.

7.7.1.2 When the conditions being measured are critical to
the safety of personnel, alarms shall be provided to indicate
abnormal operation of the system.

7.7.2 Systems Operated Below the Limiting Oxidant Concen-
tration (LOC).

7.7.2.1* Instrumentation shall be installed in as many points
as necessary to ensure the desired oxidant concentration re-
duction within the protected system.

7.7.2.2 The determination of the LOC for the system shall be
based on the worst credible case gas mixture yielding the
smallest LOC.

7.7.2.3 A safety margin shall be maintained between the LOC
and the normal working concentration in the system.

7.7.2.4* The safety margin shall take into account all of the
following factors:

(1) Fluctuations occurring in the system
(2) Sensitivity and reliability of monitoring and control

equipment
(3) Probability and consequences of an explosion

7.7.2.5* One of the following requirements shall be met
where the oxygen concentration is continuously monitored
and controlled with safety interlocks:

(1) Where the LOC is greater than or equal to 5 percent, a
safety margin of at least 2 volume percent below the worst
credible case LOC shall be maintained.

(2) Where the LOC is less than 5 percent, the equipment
shall be operated at no more than 60 percent of the LOC.

7.7.2.6 The requirement of 7.7.2.5 shall not apply to partial
oxidation processes.

7.7.2.7* Where the oxygen concentration is not continuously
monitored and controlled with safety interlocks, one of the
following requirements shall be met:

(1) Where the LOC is greater than or equal to 7.5 percent, a
safety margin of at least 4.5 volume percent below the
worst credible case LOC shall be maintained.

(2) Where the LOC is less than 7.5 percent, the oxygen con-
centration shall be designed to operate at no more than
40 percent of the LOC.

7.7.2.7.1 The oxygen concentration shall be checked on a
regularly scheduled basis.

7.7.2.7.2* The vapor space in low-pressure field storage tanks
that have padding shall not require checking of the oxygen
concentration.

7.7.2.7.3 The procedure of pulling a partial vacuum and then
breaking the vacuum with inert gas shall be permitted without
measuring the oxygen concentration if all of the following
conditions apply:

(1) The vacuum condition is held for a time to check for leak-
age.

(2) The vacuum level is monitored.
(3) The vacuum-creating medium is compatible with the pro-

cess chemistry.
(4) The residual oxygen partial pressure is calculated or dem-

onstrated by test to be at least 40 percent below the LOC.

7.7.3 Systems Operated Above the Upper Flammable Limit
(UFL).

7.7.3.1* Systems operating above the UFL shall be permitted
to be used, and the UFL shall be determined at the conditions
applicable to the system.
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7.7.3.2 Vent headers operated near atmospheric pressure
shall be permitted to be rendered nonflammable by the addi-
tion of at least 25 volume percent of natural gas or methane
where both of the following criteria are met:

(1) The vent headers shall not contain any vapor with a UFL
greater than that of hydrogen in air (75 percent).

(2) The vent headers shall not contain oxygen in concentra-
tions greater than can be derived from ambient air.

7.7.3.3 Instrumentation to control methane flow shall be ac-
ceptable to the authority having jurisdiction.

Chapter 8 Deflagration Prevention by Combustible
Concentration Reduction

8.1* Application. The technique for combustible concentration
reduction shall be permitted to be considered where a mixture of
a combustible material and an oxidant is confined to an enclo-
sure and where the concentration of the combustible can be
maintained below the lower flammable limit (LFL).

8.2 Basic Design Considerations.

8.2.1 All of the following factors shall be considered in the
design of a system intended to reduce the combustible con-
centration below the LFL:

(1) Required reduction in combustible concentration
(2) Variations in the process, process temperature and pres-

sure, and materials being processed
(3) Operating controls
(4) Maintenance, inspection, and testing

8.2.2* The LFLs of the combustible components shall be de-
termined at all operating conditions, including startup and
shutdown.

8.2.3 Protection System Design and Operation.

8.2.3.1* The owner or operator shall be responsible for a thor-
ough analysis of the process to determine the type and degree
of deflagration hazards inherent in the process.

8.2.3.2 Information required for the monitoring and control
of the concentration of combustible components shall be
compiled and documented. This information shall include,
but not be limited to, the following:

(1) Monitoring and control objectives
(2) Monitored and controlled areas of the process
(3) Dimensioned drawings of the process with the following:

(a) Equipment make and model if available, including
volumes and diameters and design strengths

(b) Plan and elevation views with flows indicated
(4) Startup, normal, shutdown, temporary operations, and

emergency shutdown process conditions and ranges for the
following:
(a) Flow
(b) Temperature
(c) Pressure
(d) Oxidant concentration
(e) Fuel concentration

(5) Process flow diagram and description
(6) Ambient temperature in process area
(7) Process interlocks

8.2.3.3 The owner or operator shall disclose any and all pro-
cess information required for the protection system design.

8.2.3.4 The protection system design shall be subject to a
documented review by a qualified person.

8.2.3.5 The owner or operator shall be responsible for the
maintenance of the system after installation and acceptance
based on procedures provided by the vendor. Maintenance
records shall be retained for inspection by the authority hav-
ing jurisdiction.

8.2.3.6 The owner or operator shall be responsible for peri-
odic inspection of the system by personnel trained by the sys-
tem manufacturer. The inspection frequency shall be in accor-
dance with Section 15.7.

8.2.3.7 Management of Change. The effect of any process
change shall be addressed as specified in Section 15.11.

8.2.3.8 All documentation relevant to the protection system
shall be retained in accordance with Chapter 15.

8.3 Design and Operating Requirements.

8.3.1* Combustible Concentration Limit. The combustible
concentration shall be maintained at or below 25 percent of
the LFL, unless the following conditions apply:

(1) Where continuously monitored and controlled with safety
interlocks, the combustible concentration shall be permit-
ted to be maintained at or below 60 percent of the LFL.

(2) Aluminum powder production systems designed and op-
erated in accordance with NFPA 484, Standard for Combus-
tible Metals, shall be permitted to be maintained at or be-
low 50 percent of the LFL.

8.3.2* Catalytic Oxidation. Where catalytic oxidation is used
for combustible concentration reduction, the following shall
apply:

(1) Isolation systems shall be provided in all inlets to the cata-
lytic oxidation unit.

(2) Unless the combustible concentration is monitored con-
tinuously, the effectiveness of the catalytic oxidation sys-
tem shall be verified periodically in accordance with the
manufacturer’s recommendations.

8.3.3 Ventilation or Air Dilution.

8.3.3.1 If ventilation is used, the outlets from the protected
enclosures shall be located so that hazardous concentrations
of the exhausted air cannot enter or be drawn into the fresh
air intakes of environmental air–handling systems.

8.3.3.2 Air intakes shall meet one of the following require-
ments:

(1) They shall be located so that combustible material cannot
enter the air-handling system, even in the event of spills or
leaks.

(2) They shall be provided with gas detectors that automati-
cally interlock to stop air intake.

8.3.3.3 Filters, dryers, or precipitators in the air intakes shall
be located such that they are accessible for cleaning and main-
tenance.

8.4 Instrumentation.

8.4.1* Instrumentation shall be provided to monitor and con-
trol the process flows.
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8.4.2 Instrumentation shall be calibrated according to the
requirements of Chapter 15.

8.4.3 Where the enclosure being protected presents a per-
sonnel hazard, alarms shall be provided to indicate abnormal
operation of the system.

Chapter 9 Predeflagration Detection and Control of
Ignition Sources

9.1* Application. Systems used for the predeflagration detec-
tion and control of certain specific ignition sources shall be
permitted to be used to reduce the probability of the occur-
rence of deflagrations in systems that handle combustible par-
ticulate solids.

9.1.1 Systems used for the predeflagration detection and con-
trol of ignition sources shall be permitted to be used in conjunc-
tion with other explosion prevention or explosion protection
measures, such as deflagration suppression or deflagration vent-
ing, for those systems posing a dust explosion hazard.

9.1.2 Design of systems used for predeflagration detection
and control of ignition sources shall be based on various tech-
niques that include, but are not limited to, the use of the fol-
lowing systems:

(1) Optical sensing systems
(2) Gas sensing systems

9.1.3 Optical sensing and gas sensing systems shall be permit-
ted to be used for the detection, control, and extinguishment
of ignition sources as they pass through ducts, chutes, hop-
pers, belts, or similar conveyors or develop in an enclosure.

9.1.4 The optical sensing systems shall operate by means of
detectors that sense the radiation from a hot or glowing par-
ticle and actuate a means to control or extinguish, such as
water spray, carbon dioxide flooding, steam snuffing, diverter
valve, stop valve, or initiation of stop material in-feed to the
process, if appropriate.

9.1.5 The gas sensing systems shall operate by means of sens-
ing the formation of gaseous thermal decomposition products
and actuate a means of control or extinguishment such as
alarms, automated shutdown, or the release of the extinguish-
ing system.

9.2 Limitations.

9.2.1 Optical sensing systems and gas sensing systems shall
not be used for systems handling flammable gases or hybrid
mixtures.

9.2.2 Optical sensing systems and gas sensing systems shall not
be used in extinguishing or isolating deflagration flame fronts.

9.3 Optical Sensing System and Gas Sensing System Design
Considerations.

9.3.1 General. Optical sensing systems and gas sensing sys-
tems shall be listed or approved as a complete system that
includes a means to actuate automatic shutdown or other ac-
tions described in 9.1.4 and 9.1.5.

9.3.2 Optical Sensing Equipment.

9.3.2.1 Spacing between a detector and control mechanism
shall be based on parameters including, but not limited to, the
following criteria:

(1) Linear velocity of the material in the duct
(2) Response time of the sensor

(3) Actuator circuitry
(4) Response time of the control mechanism

9.3.2.2 The system manufacturer’s application design and
guidance shall ensure that a sufficient number of detectors are
installed to detect radiant energy at any location in the cross-
sectional area of the duct, chute, hopper, belt conveyor, or
similar transport system.

9.3.2.3 Provisions shall be made to prevent obscuration of
optical sensors.

9.3.2.4 Sensors shall be protected from the accumulation of
foreign material that would prevent functioning.

9.3.3 Gas Sensing Equipment.

9.3.3.1 The system shall take air samples at inlets and outlets
and evaluate the differential concentration of the selected
thermal decomposition products.

9.3.3.2 The design of the gas sensing system shall be based on
parameters including, but not limited to, the following crite-
ria:

(1) Process flow
(2) Process flow velocity
(3) Potential measurement interferences (contamination)
(4) Volume
(5) Air exchange rate
(6) Sensor response time

9.3.3.3 The system sampling flow rates and residence times
shall be balanced to ensure a relative sample of all air inputs
and outputs.

9.3.4 Power and Control Units.

9.3.4.1 A power and control unit shall supply energy to ac-
complish all of the following processes:

(1) Power all sampling devices, sample preparation unit, con-
trol processor, etc.

(2) Energize all electrically actuated extinguishing and con-
trol systems

(3) Energize visual and audible alarms
(4) Transfer all auxiliary control and alarm contacts
(5) Control system-disabling interlock and process shutdown

circuits

9.3.4.2 The power and control unit shall, as a minimum, fully
and continuously supervise all of the following components:

(1) Wiring circuits for opens and other faults
(2) AC power supply (primary)
(3) System safety interlock circuitry
(4) System-disabling interlock circuitry
(5) Releasing outputs
(6) Electrical extinguishing actuators
(7) Air sampler flow (gas sensing only)
(8) Visible and audible alarms
(9) Circuit ground fault

9.3.4.3 In addition to noncritical trouble alarms, the power
and control unit shall have separate contacts capable of initi-
ating an orderly shutdown of the protected process upon re-
ceipt of any trouble signal that indicates a potentially disabled
protection system.

9.3.4.4 The supervisory signal circuits shall be provided with
visual and audible trouble signals.
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9.4 Testing.

9.4.1 A functional test of all system functions shall be con-
ducted in accordance with the manufacturer’s specifications.

9.4.2 The design system shall be based on testing relevant to
the early detection and control system.

9.4.3 The sensing system shall be calibrated in accordance
with manufacturer’s recommendations.

9.5 Protection System Design and Operation.

9.5.1 Process Analysis.

9.5.1.1* The owner or operator shall be responsible for a thor-
ough analysis of the process to determine the type and degree
of deflagration hazards inherent in the process.

9.5.1.2 Factors such as the type of combustible material, the
enclosure internal geometry, the total volume to be protected,
and the operating conditions shall be reviewed in detail.

9.5.1.3 The potential process malfunctions that could affect
the extent of the deflagration hazard shall be determined.

9.5.2 The information required for the detection and control
system design shall include, but not be limited to, the following:

(1) Protection objective
(2) Protected area of the process
(3) Dimensioned plan and elevation drawings of the process

with equipment make and model, if available
(4) Dimensions of inlet and outlet connections
(5) Internal obstructions of protected enclosure
(6) Startup, normal, shutdown, temporary operations, and

emergency shutdown process conditions and ranges for
the following:
(a) Flow rate and direction
(b) Temperature
(c) Pressure
(d) Oxidant concentration
(e) Fuel concentration

(7) Process flow diagram and description
(8) Currently installed protection equipment
(9) Ambient temperature in process area

(10) Explosibility properties of the combustible material
(11) Process interlocks

9.5.3 The owner or operator shall disclose any and all process
information required for the protection system design.

9.5.4 The protection system design shall be subject to a docu-
mented review by a qualified person.

9.5.5 Maintenance and Inspection.

9.5.5.1 The owner or operator shall be responsible for the
maintenance of the system after installation and acceptance.

9.5.5.2 Maintenance records shall be retained for inspection
by the authority having jurisdiction in accordance with Sec-
tion 15.9.

9.5.5.3 The owner or operator shall be responsible for peri-
odic inspection of the system by personnel trained by the sys-
tem manufacturer.

9.5.5.4 The inspection frequency shall be in accordance with
Section 15.7.

9.5.6 Management of Change. The effect of any process
change shall be addressed as specified in Section 15.11.

9.5.7 All design documentation relevant to the detection and
control system shall be retained in accordance with Chapter 15.

9.6 System Manufacturer’s Additional Responsibilities.

9.6.1* The system manufacturer shall provide the owner or op-
erator with information and documentation supporting the de-
sign; this information shall be suitable for review by the AHJ.

9.6.2 Upon request, the system manufacturer shall provide to
the owner or operator documentation supporting that the de-
sign is in compliance with the manufacturer’s independent
third-party approval, including application limitations, and is
suitable for the hazard to be protected.

9.6.3 The system manufacturer shall provide to the owner or
operator design specifications based on the data provided by
the owner or operator as specified in 9.5.2.

9.6.3.1 Documentation shall be made of the data used in the
design.

9.6.3.2 Method of determination shall be consistent with
third-party approval and available for review by the authority
having jurisdiction.

9.6.4 The system manufacturer shall provide to the owner or
operator mechanical and electrical drawings of the system.

9.6.5 The system manufacturer shall provide to the owner or
operator installation instructions, operating manuals, and
maintenance instructions.

9.6.6 As part of system acceptance, the system manufacturer
and the owner or operator shall document that the installa-
tion is in accordance with the design and that the system is
armed and functional. (See Section 15.6.)

9.6.6.1 Variances and any corrective actions shall be identi-
fied with the responsible party for any action identified.

9.6.6.2 Changes made at or during installation shall be ap-
proved by the system manufacturer and the owner or operator
and suitably documented.

9.6.6.3 Concurrence of the AHJ shall be obtained as appro-
priate.

9.7 Actuation of Other Devices and Systems.

9.7.1 The detection and control system shall be permitted to
actuate other devices and systems such as high-speed isolation
valves, chemical or mechanical isolation devices, or deluge
valves as applicable.

9.8 Process Shutdown.

9.8.1 Upon activation, the detection and control system shall
be permitted to initiate an immediate, automatic shutdown of
the protected process.

9.8.2 Upon receipt of a trouble signal from the detection and
control system, the protected process shall be permitted to
initiate an immediate, automatic, and orderly shutdown.

Chapter 10 Deflagration Control by Suppression

10.1* Application.

10.1.1 The technique for deflagration suppression shall be per-
mitted for flammable gases, combustible mists, combustible
dusts, or hybrid mixtures that are subject to deflagration in a
gas-phase oxidant.

69–15DEFLAGRATION CONTROL BY SUPPRESSION

2014 Edition



10.1.2 Enclosures that can be protected by a deflagration
suppression system shall include, but shall not be limited to,
the following equipment:

(1) Processing equipment, such as reactor vessels, mixers,
blenders, pulverizers, mills, dryers, ovens, filters, screens,
and dust collectors

(2) Storage equipment, such as atmospheric or low-pressure
tanks, pressure tanks, and mobile facilities

(3) Material-handling equipment, such as pneumatic and
screw conveyors and bucket elevators

(4) Laboratory and pilot plant equipment, including hoods,
glove boxes, test cells, and other equipment

(5) Aerosol filling rooms

10.1.3* The suppression system shall be of a design that has been
tested under deflagration conditions to verify performance.

10.1.4 The detection conditions; the positioning of the de-
tection points; and the location, quantity, and volume of sup-
pressant containers shall be based upon factors such as, but
not limited to:

(1) Time required for detection
(2) Suppressant discharge pattern
(3) Suppressant concentration as a function of time
(4) Suppressant efficiency
(5) Explosibility characteristics of the combustible material
(6) Physical characteristics of the protected enclosure

10.2 Limitations.

10.2.1 Deflagration suppression is successful only where the
suppressant can be distributed during the early stages of flame
and pressure development.

10.2.2 Deflagration suppression is limited by the physical and
chemical properties of the reactants in the system, as well as
the design and pressure resistance of the enclosure.

10.2.3* The pressure resistance of the protected enclosure
shall not be less than the maximum suppressed deflagration
pressure (including effects of suppressant discharge) for the
duration of the pressure increase.

10.3 Personnel Safety.

10.3.1* Disarming and Lockout and Tagout Procedures.

10.3.1.1 Disarming and OSHA lockout and tagout procedures
(found in 29 CFR 1910.147) and confined space entry proce-
dures (found in 29 CFR 1910.146), NFPA 326, Standard for the
Safeguarding of Tanks and Containers for Entry, Cleaning, or Repair, or
local country equivalent, shall be followed prior to entering an
enclosure protected by deflagration suppression systems.

10.3.1.2 The deflagration suppression system shall be disarmed
and locked out and tagged out prior to performing maintenance
operations on the protected enclosure or suppression system if
discharging the suppressant could result in injury.

10.3.1.3 Suppressors protecting unoccupied enclosures shall
meet applicable OSHA requirements.

10.3.1.3.1 All suppressors shall be provided with a means to
prevent release of stored energy into the protected enclosure.

10.3.1.3.2 The suppression system shall be configured to pre-
vent arming while such means are in place.

10.3.1.3.3 Locks and tagging shall be used to identify sup-
pressors that have such prevention means in place.

10.3.1.4 Operation of the protected process shall be inter-
locked through the suppression system control panel so that op-
eration cannot be resumed until the suppression system is
armed.

10.3.2 Warning Signs.

10.3.2.1 Suppression systems shall be equipped with warning
signs indicating that the enclosure is protected with a suppres-
sion system.

10.3.2.2 These warning signs shall be applied to suppression
system components, the enclosure, or both.

10.4 Basic Design Considerations.

10.4.1 General. The design of a deflagration suppression sys-
tem shall consider, but shall not be limited to, the following
components:

(1) Deflagration characteristics of the combustible material
(2) Identification and design specifications of equipment to

be protected
(3) Detection technique(s)
(4) Suppressant type, quantity, and suppressing characteristics
(5) Access to components and ease of maintenance
(6) Deflagration propagation between process vessels
(7) Startup, normal operation, and upset conditions

10.4.2 System Design Certification.

10.4.2.1* System design methodology and application range
shall be supported by appropriate testing and certified by a
recognized testing organization acceptable to the authority
having jurisdiction.

10.4.2.2 The system design shall be based on testing relevant
to the application.

10.4.3 Suppression System Design and Operation.

10.4.3.1 Process Analysis.

10.4.3.1.1* The owner or operator shall be responsible for a
thorough analysis of the process to determine the type and
degree of deflagration hazards inherent in the process.

10.4.3.1.2 Factors such as the type of combustible material, the
enclosure internal geometry, the total volume to be protected,
and the operating conditions shall be reviewed in detail.

10.4.3.1.3 The potential process malfunctions that could af-
fect the extent of the deflagration hazard shall be determined.

10.4.3.2 The suppression system design shall include, but not
be limited to, the following information:

(1) Protection objective
(2) Protected area of the process
(3) Dimensioned plan and elevation drawings of the process

with equipment make and model, if available
(4) Pressure resistance of protected enclosures
(5) Internal obstructions of protected enclosure
(6) Startup, normal, shutdown, temporary operations, and

emergency shutdown process conditions and ranges for:
(a) Flow
(b) Temperature
(c) Pressure
(d) Oxidant concentration
(e) Fuel concentration

(7) Process flow diagram and description
(8) Currently installed protection equipment
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(9) Ambient temperature in process area
(10) Explosibility properties of the combustible material
(11) Process interlocks

10.4.3.3 The owner or operator shall disclose any and all pro-
cess information required for the protection system design.

10.4.3.4 Maintenance and Inspection.

10.4.3.4.1 The owner or operator shall be responsible for the
maintenance of the system after installation and acceptance.

10.4.3.4.2 Maintenance records shall be retained for inspec-
tion by the authority having jurisdiction in accordance with
Section 15.9.

10.4.3.4.3 The owner or operator shall be responsible for
periodic inspection of the system by personnel trained by the
system manufacturer.

10.4.3.4.4 The inspection frequency shall be in accordance
with Section 15.7.

10.4.3.5 Management of Change. The effect of any process
change shall be addressed as specified in Section 15.11.

10.4.3.6 All design documentation relevant to the protection
system shall be retained in accordance with Chapter 15.

10.4.4 System Manufacturer’s Additional Responsibilities.

10.4.4.1* The system manufacturer shall provide the owner or
operator with information and documentation that supports
the design and is suitable for review by the AHJ.

10.4.4.2 Upon request, the system manufacturer shall pro-
vide to the owner or operator documentation supporting that
the design is in compliance with the manufacturer’s indepen-
dent third-party approval, including application limitations,
and is suitable for the hazard to be protected.

10.4.4.3 The system manufacturer shall provide to the owner
or operator design specifications based on the data provided
by the owner or operator as specified in 10.4.1.

10.4.4.3.1 Documentation shall be made of the data used in
the design.

10.4.4.3.2 The final reduced deflagration pressures shall be
provided.

10.4.4.3.3 Method of determination shall be third party ap-
proved and available for review by the authority having juris-
diction.

10.4.4.4 The system manufacturer shall provide to the owner
or operator mechanical and electrical drawings of the protec-
tion system.

10.4.4.5 The system manufacturer shall provide to the owner
or operator installation instructions, operating manuals, and
maintenance instructions.

10.4.4.6 As part of system acceptance, the system manufac-
turer and the owner or operator shall document that the in-
stallation is in accordance with the design and that the system
is armed and functional. (See Section 15.6.)

10.4.4.6.1 Variances and any corrective actions shall be iden-
tified with the responsible party for any action identified.

10.4.4.6.2 Changes made at or during installation shall be
approved by the system manufacturer and the owner or opera-
tor and suitably documented.

10.4.4.6.3 Concurrence of the AHJ shall be obtained as ap-
propriate.

10.4.5 Actuation of Other Devices and Systems. The deflagra-
tion suppression system shall be permitted to actuate other
devices and systems such as high-speed isolation valves, chemi-
cal or mechanical isolation devices, or deluge valves as appli-
cable.

10.4.6 Process Shutdown. Upon activation, the suppression
system shall initiate an immediate, automatic shutdown of the
protected process.

10.4.6.1 Upon receipt of a trouble signal from the suppres-
sion system, which indicates the protection system could be
compromised, the protected process shall initiate an immedi-
ate, automatic, and orderly shutdown.

10.4.6.2 Upon receipt of a supervisory signal from the sup-
pression system, which indicates that a problem exists but that
the protection system is not compromised, qualified person-
nel shall investigate and repair the problem at the next shut-
down period.

10.4.6.3 It shall be permitted to manually shut down the pro-
tected process in lieu of automatic shutdown when supported
by a hazard analysis approved by the AHJ.

10.5 Control Panels.

10.5.1 A control panel with a standby battery backup of no
less than 24 hours shall be provided with each suppression
system that supplies energy to accomplish the following ac-
tions:

(1) Power all detection devices
(2) Energize all electrically operated actuating devices
(3) Energize local visual and audible alarms
(4) Transfer all auxiliary control and alarm contacts
(5) Control system–disabling interlock and process shutdown

circuits

10.5.2 The control panel shall, as a minimum, fully and con-
tinuously supervise the following components:

(1) Wiring circuits for opens and other faults
(2) ac power supply (primary)
(3) Battery voltage, presence, and polarity
(4) System safety interlock circuitry
(5) System-disabling interlock circuitry, including lockout

and tagout status
(6) Releasing outputs
(7) Electrically operated actuating devices
(8) Detection devices
(9) Local visual and audible alarms

(10) Circuit ground fault
(11) Suppressor pressure indicators

10.5.2.1 The minimum number of detection devices shall be
either one device that is a transducer with a continuously
monitored process parameter output, or two devices that are
switches or transducers that are not continuously monitored,
where the two switches are connected such that an alarm con-
dition on either switch will activate the system.

10.5.2.2* Additional detection devices shall be permitted for
the purpose of reducing spurious failures.

10.5.3* The supervisory circuits in 10.5.2 shall be provided
with a visual and an audible signal.
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10.5.4 Control panel contacts shall be provided that enable
the owner or operator to initiate an orderly, automatic shut-
down of the process and protection system should unautho-
rized entry of a protected enclosure be attempted.

10.6 Detection Devices.

10.6.1* The deflagration shall be detected by the sensing of
one or more of a specified pressure, a specified rate of pres-
sure rise, a vent burst, or the radiant energy from the combus-
tion process.

10.6.2 Provisions shall be made to minimize obscuration of
radiant energy detectors.

10.6.3 Detection devices shall be located to minimize accu-
mulation of foreign material that would affect functioning.

10.6.4 Detection devices shall be mounted so that their maxi-
mum temperature rating, as specified by the manufacturer, is
not exceeded.

10.7 Electrically Operated Actuating Devices.

10.7.1* Electrically operated actuating devices shall be
mounted so that their maximum temperature rating, as speci-
fied by the manufacturer, is not exceeded.

10.7.2 The operating characteristics of the as-installed actuat-
ing device circuits shall be within the manufacturer’s specifi-
cations.

10.8* Suppressant and Suppressant Storage Containers.

10.8.1* The suppressant shall be compatible with the combus-
tible material in the protected enclosure.

10.8.2 The suppressant shall be effective at the expected ex-
tremes of temperature encountered in the protected enclosure.

10.8.3 If agent storage container pressure falls below the
manufacturer’s required level, a trouble signal shall be sent to
the control unit indicating a disabled protection system.

10.8.4 Suppressant storage containers, if used as pressurized
shipping containers, shall be designed to meet the requirements
of the U.S. Department of Transportation, 49 CFR Part 173.24.

10.8.5 Suppressant storage containers, if not used as pressur-
ized shipping containers, shall be designed, fabricated, in-
spected, certified, and stamped in accordance with Section
VIII of the ASME Boiler and Pressure Vessel Code.

10.8.6 The design pressure shall be suitable for the maxi-
mum pressure developed at 55°C (130°F) or at the maximum
controlled temperature limit.

Chapter 11 Deflagration Control by Active Isolation

11.1 Application.

11.1.1* The technique of deflagration isolation shall be per-
mitted for interruption or mitigation of flame, deflagration
pressures, pressure piling, and flame-jet ignition between en-
closures that are interconnected by pipes or ducts.

11.1.2* Isolation techniques may be active, which requires de-
tection, control, and a pneumatic or electrical response that
creates an isolating barrier; or passive, which responds to the
deflagration pressure to create the isolating barrier.

11.1.3 Active isolation system design shall be permitted to be
based on various techniques that include, but are not limited
to, the use of the following equipment:

(1) Flame front extinguishing system (chemical isolation)
(2) Fast-acting mechanical valve (explosion isolation valves)
(3) Actuated float valve
(4) Actuated pinch valve

11.1.4 The isolation system type shall be of a design that has
been tested under deflagration conditions to verify performance.

11.1.5* The detection conditions, and the positioning of the
detection points and the minimum and maximum barrier lo-
cations shall be based on a quantitative analysis that includes
factors such as, but not limited to, the following parameters:

(1) The entire range of flammable concentrations
(2) Time required for detection for the least-sensitive and the

most-sensitive mixtures
(3) Possible ignition locations in the primary enclosure
(4) Time required for barrier formation
(5) Flame speeds and pressures expected in the pipe
(6) Time of flame front propagation to the barrier position
(7) Flow velocity

11.1.6 Piping, ducts, and enclosures protected by an isolation
system shall be designed to withstand estimated pressures as
provided by the isolation system manufacturer.

11.2* Isolation Techniques. Isolation methods shall be permit-
ted to be used to interrupt or mitigate flame propagation,
deflagration pressure, pressure piling, and flame-jet ignition
between items of equipment. Active isolation systems shall be
permitted to be based on various techniques that include, but
are not limited to, the use of the following components:

(1) Chemical barrier
(2) Fast-acting mechanical valve
(3) Externally actuated float valve
(4) Actuated pinch valve

11.2.1 Chemical Barrier.

11.2.1.1* The function of a chemical isolation system is to in-
ject a barrier of extinguishing agent into the interconnection
prior to the arrival of the flame front.

11.2.1.2 The chemical isolation system shall consist of one or
more detectors, a control panel, and agent injection equip-
ment.

11.2.1.2.1 Actuation shall be based on detection of pressure
or radiant energy with a control panel to provide the initiating
signal to the agent containers.

11.2.1.2.2 The agent containers shall be fitted with a fast-
acting release that permits injection of agent within millisec-
onds of receiving the initiating signal.

11.2.1.2.3 Agent containers shall be designed to discharge
the agent rapidly.

11.2.1.2.4 The size and number of containers shall be se-
lected to provide the required barrier.

11.2.1.3 The isolation design shall include all information
required to install and operate the system, including the fol-
lowing information:

(1) Detection specification of activation pressure or pressure
rate of rise

(2) Detector location requirements and limits for pressure or
optical detection
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(3) Minimum placement location for agent container(s) rela-
tive to the protected volume or detector location

(4) Maximum placement location for agent container(s) rela-
tive to the protected volume or detector location

(5) Required distance downstream of agent container(s)
(6) Agent identity and minimum container pressure at ambi-

ent conditions
(7) Size, number, and orientation of agent container(s)
(8) Maximum process and ambient temperature

11.2.1.4 Extinguishing Agents and Containers.

11.2.1.4.1 The extinguishing agent shall be chemically com-
patible with the material normally conveyed through the pipe
system being protected.

11.2.1.4.2 The extinguishing agent shall be of a type that is
effective at all temperatures that are to be encountered in the
application.

11.2.1.4.3* Extinguishing agent containers, if used as shipping
containers, shall be designed to meet the requirements of the
U.S. Department of Transportation, 49 CFR Part 173.24.

11.2.1.4.4 If not used as shipping containers, extinguishing
agent containers shall be designed, fabricated, inspected, cer-
tified, and stamped in accordance with Section VIII of the
ASME Boiler and Pressure Vessel Code.

11.2.1.4.5 The design pressure shall be suitable for the maxi-
mum pressure developed at 55°C (130°F) or at the maximum
controlled temperature limit.

11.2.1.5 Limitations. The specific application limitations cre-
ated by equipment performance specifications and process
conditions shall not be exceeded. These limitations include
the following:

(1) Minimum and maximum distance of a barrier from the
duct entrance

(2) Process flow rates
(3) Direction of flow
(4) Flow resistance
(5) Pdetection less than Pstat when the enclosure is vented
(6) Process temperature and pressure

11.2.1.6 Chemical isolation system components exposed to
the process environment shall be capable of withstanding the
maximum expected deflagration pressure.

11.2.2* Fast-Acting Mechanical Valves.

11.2.2.1 Fast-acting mechanical valves shall prevent propaga-
tion of flame and combustion-generated pressure beyond the
fast-acting valves by providing a positive mechanical seal. The me-
chanical valve shall be capable of withstanding the maximum
expected deflagration pressures, including pressure piling.

11.2.2.2* The mechanical isolation system shall consist of one
or more detectors, a control panel, and a fast-acting valve as-
sembly.

11.2.2.2.1 Actuation shall be based on detection of pressure
or radiant energy with a control panel, to provide the initiat-
ing signal to the mechanical valve.

11.2.2.2.2 The mechanical valve assembly shall include a
means of rapidly moving the valve trim.

11.2.2.3 The isolation design shall include all information
required to install and operate the system, including the fol-
lowing information:

(1) Detection specification of activation pressure or rate for
pressure detection

(2) Detector location requirements and limits for pressure or
optical detection

(3) Minimum placement location for mechanical valve rela-
tive to the protected volume or detector location

(4) Maximum placement location for mechanical valve rela-
tive to the protected volume or detector location

(5) Maximum process and ambient temperature
(6) Minimum actuation pressure

11.2.2.4 Limitations. The specific application limitations cre-
ated by equipment performance specifications and process
conditions shall not be exceeded. These limitations include
the following:

(1) Minimum and maximum distance of a valve from the duct
entrance

(2) Process flow rates
(3) Direction of flow
(4) Orientation of the valve
(5) Flow resistance
(6) Pdetection less than Pstat when the enclosure is vented
(7) Process temperature

11.2.2.5* Mechanical isolation system components exposed to
the process environment shall be capable of withstanding the
maximum expected deflagration pressure, including pressure
piling.

11.2.3 Externally Actuated Float Valve.

11.2.3.1* The externally actuated float valve shall isolate the
explosion by means of a moveable valve plug pressing upon a
valve seat.

11.2.3.2* The float valve shall be actuated and caused to move
by pneumatic discharge from a pressurized container, by the
discharge of a gas generator into a pneumatic cylinder con-
nected to the float, or by other high-speed actuation means.

11.2.3.3 The externally actuated float valve system shall con-
sist of one or more detectors, a control panel, a float valve, and
a pressure container or gas generator actuation device.

11.2.3.3.1 Actuation shall be based on detection of pressure
or radiant energy with a control panel to provide the initiating
signal to the actuator.

11.2.3.3.2 When used, the container shall be pressurized with
gas to close the float valve rapidly and completely.

11.2.3.4* The isolation design shall include all information re-
quired to install and operate the system, including the following:

(1) Detection specification of activation pressure or rate of
pressure rise

(2) Detector location requirements and limits for pressure or
optical detection

(3) Minimum placement location for float valve relative to
the protected volume or detector location

(4) Maximum placement location for float valve relative to
the protected volume or detector location

(5) Maximum process and ambient temperature
(6) Maximum and minimum process flow rate
(7) Maximum permissible dust loading
(8) Minimum actuation pressure
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11.2.3.5 Limitations. The specific application limitations cre-
ated by equipment performance specifications and process con-
ditions shall not be exceeded. These limitations include the fol-
lowing:

(1) Minimum and maximum distance of a valve from the duct
entrance

(2) Process flow rates
(3) Direction of flow
(4) Orientation of the valve
(5) Flow resistance
(6) Pdetection less than Pstat when the enclosure is vented
(7)*Process temperature and pressure

11.2.4 Actuated Pinch Valve.

11.2.4.1* The pinch valve shall isolate the explosion by means
of a collapsible elastomer pinch.

11.2.4.2* The pinch valve shall be actuated and caused to close
by gas discharge from a pressurized cylinder connected to the
pinch.

11.2.4.3 The actuated pinch valve system shall consist of one
or more detectors, a control panel, a pinch valve, and a pres-
sure cylinder.

11.2.4.3.1 Actuation shall be based on detection of pressure
or radiant energy with a control panel, to provide the initiat-
ing signal to the actuator.

11.2.4.3.2 The container shall be pressurized with gas suffi-
cient to close the pinch valve rapidly and completely.

11.2.4.4 The isolation design shall include all information re-
quired to install and operate the system, including the following:

(1) Detection specification of activation pressure or rate of
pressure rise

(2) Detector location requirements and limits for pressure or
optical detection

(3) Minimum placement location for pinch valve relative to
the protected volume or detector location

(4) Maximum placement location for pinch valve relative to
the protected volume or detector location

(5) Maximum process and ambient temperature
(6) Maximum and minimum process flow rates
(7)*Maximum permissible dust loading
(8) Minimum actuation pressure

11.2.4.5 Limitations. The specific application limitations cre-
ated by equipment performance specifications and process
conditions shall not be exceeded. These limitations include
the following:

(1) Minimum and maximum distance of a valve from the duct
entrance

(2) Process and ambient temperatures
(3) Pdetection less than Pstat when the enclosure is vented
(4) Process flow rates
(5) Maximum deflagration pressure

11.2.4.6 Where the normal operation of the equipment is
under vacuum, the pinch valve shall be configured with an
equalization line to avoid pinch infringement into the process
flow stream.

11.3 Personnel Safety.

11.3.1 The safety of personnel working with and around ex-
plosion prevention equipment shall be addressed as specified
in Section 15.10.

11.3.2* Disarming and Lockout/Tagout Procedures.
11.3.2.1 Disarming and OSHA lockout/tagout procedures
(29 CFR 1910.147) and confined space entry procedures (29
CFR 1910.146), or local country equivalent, shall be followed
prior to entering an enclosure or ductwork protected by an
isolation system.
11.3.2.2 The isolation system shall be disarmed and locked
out/tagged out prior to performing maintenance operations
on the protected enclosure, ducting, or isolation system if ac-
tuation could result in injury.
11.3.2.3 Isolation systems shall meet applicable OSHA re-
quirements.
11.3.2.3.1 Isolation systems shall be provided with a means to
prevent release of stored energy.
11.3.2.3.2 The system shall be configured to prevent arming
while such means are in place.
11.3.2.3.3 Locks and tagging shall be used to identify systems
that have such prevention means in place.
11.3.2.4 Operation of the protected process shall be inter-
locked through the isolation system control panel so that op-
eration cannot be resumed until the isolation system is armed.
11.4 Basic Design and Operation.
11.4.1 System Design Certification.
11.4.1.1 System design methodology and application range
shall have been supported by appropriate testing and certified
by a recognized testing organization acceptable to the author-
ity having jurisdiction. (See A.10.4.2.1.)
11.4.1.2 The system design methodology shall be based on
testing relevant to the isolation system.
11.4.1.3 Chemical (Barrier) Isolation. The system testing shall
consider, but not be limited to, the following design factors or
performance measures:
(1) Flame propagation behavior for relevant system conditions
(2) Detection parameters for specific placement locations,

with consideration given to the potential range of fuels,
ignition locations, and detector type

(3) Barrier formation dynamics, including duration
(4) Agent (barrier) concentration or quantity requirement
(5) Minimum and maximum barrier locations from the

equipment
(6) Post-barrier extinguishing distance
(7) Pressure at barrier placement
11.4.1.4 Mechanical Isolation. The system testing shall con-
sider, but not be limited to, the following design factors or
performance measures:
(1) Flame propagation behavior for relevant system conditions
(2) Detection parameters for specific placement locations,

with consideration given to the potential range of fuels,
ignition locations, and detector type

(3) Activation dynamics of the closure
(4) Minimum and maximum placements
(5) Pressure at valve placement
(6) Pressure limitation of hardware
11.4.1.5 Actuated Float Valve. The system testing shall con-
sider, but not be limited to, the following design factors or
performance measures:
(1) Flame propagation behavior for relevant system conditions
(2) Detection parameters for specific placement locations,

with consideration given to the potential range of fuels,
ignition locations, and detector type
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(3) Activation dynamics of the closure
(4) Minimum and maximum placements
(5) Pressure at valve placement
(6) Pressure limitation of hardware

11.4.1.6 Actuated Pinch Valve. The system testing shall con-
sider, but not be limited to, the following design factors or
performance measures:

(1) Flame propagation behavior for relevant system conditions
(2) Detection parameters for specific placement locations,

with consideration given to the potential range of fuels,
ignition locations, and detector type

(3) Activation dynamics of the closure
(4) Minimum and maximum placements
(5) Pressure at valve placement
(6) Pressure limitation of hardware

11.4.2 Protection System Design and Operation.

11.4.2.1* The owner or operator shall be responsible for a thor-
ough analysis of the process that shall be conducted to determine
the type and degree of deflagration hazards inherent in the pro-
cess.

11.4.2.2 The information required for the isolation design
shall include, but not be limited to, the following:

(1) Protection objective
(2) Protected area of the process
(3) Dimensioned drawings of the process with equipment

make and model if available, including volumes and di-
ameters and design strengths

(4) Plan and elevation views with flows indicated
(5) Startup, normal, shutdown, temporary operations, and

emergency shutdown process conditions and ranges for:
(a) Flow
(b) Temperature
(c) Pressure
(d) Oxidant concentration
(e) Fuel concentration

(6) Process flow diagram and description
(7) Previously installed protection equipment
(8) Ambient temperature in process area
(9) Explosibility properties of the combustible materials

(10) Process interlocks

11.4.2.3 The owner or operator shall disclose any and all pro-
cess information required for the protection system design.

11.4.2.4 Maintenance.

11.4.2.4.1 The owner or operator shall be responsible for the
maintenance of the system after installation and acceptance
based on procedures provided by the vendor.

11.4.2.4.2 Maintenance records shall be retained for inspec-
tion by the authority having jurisdiction in accordance with
Section 15.9.

11.4.2.5 Inspection.

11.4.2.5.1 The owner or operator shall be responsible for
periodic inspection of the system by personnel trained by the
system manufacturer.

11.4.2.5.2 The inspection frequency shall be in accordance
with Section 15.7.

11.4.2.6 Management of Change. The effect of any process
change shall be addressed as specified in Section 15.11.

11.4.2.7 All design documentation relevant to the protection
system shall be retained in accordance with Chapter 15.

11.4.3* System Manufacturer’s Additional Responsibilities.
The system manufacturer shall provide the owner or operator
with information and documentation that supports the design
and that is suitable for review by the AHJ.

11.4.3.1 Upon request, the system manufacturer shall pro-
vide to the owner or operator documentation supporting that
the design is in compliance with the manufacturer’s indepen-
dent third-party approval, including application limitations,
and is suitable for the hazard to be protected.

11.4.3.2 The system manufacturer shall provide to the owner
or operator design specifications based on the data provided
by the owner or operator as specified in 11.4.2.2.

11.4.3.2.1 Documentation shall be made of the data used in
the design.

11.4.3.2.2 The final reduced deflagration pressures shall be
provided.

11.4.3.2.3 Method of determination shall be third party ap-
proved and available for review by the authority having juris-
diction.

11.4.3.3 The system manufacturer shall provide to the owner
or operator mechanical and electrical drawings of the protec-
tion system.

11.4.3.4 The system manufacturer shall provide to the owner
or operator installation instructions, operating manuals, and
maintenance instructions.

11.4.3.5 As part of system acceptance, the system manufac-
turer and the owner or operator shall document that the in-
stallation is in accordance with the design and the system is
armed and functional. (See Section 15.6.)

11.4.3.5.1 Variances and any corrective actions shall be iden-
tified with the responsible party for any action identified.

11.4.3.5.2 Changes made at or during installation shall be
approved by the system manufacturer and owner or operator
and suitably documented.

11.4.3.5.3 Concurrence of the AHJ shall be obtained as ap-
propriate.

11.4.4 Process Shutdown. Upon activation, the isolation sys-
tem shall initiate an immediate, automatic shutdown of the
protected process.

11.4.4.1 Upon receipt of a trouble signal from the isolation
system, the protected process shall initiate an immediate, au-
tomatic, and orderly shutdown.

11.4.4.2 The owner or operator shall be permitted to manually
shut down the protected process in lieu of automatic shutdown
when supported by a hazard analysis approved by the AHJ.

11.4.5 Installation, Inspection, and Maintenance. The installa-
tion, inspection, and maintenance of explosion prevention
systems shall be addressed as specified in Chapter 15.

11.5 Detection Devices.

11.5.1* The deflagration shall be detected by sensing one or
more of a specified pressure, a specified rate of pressure rise, a
vent burst, or the radiant energy from the combustion process.
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11.5.2 Provisions shall be made to minimize obscuration of
radiant energy detectors.

11.5.3 Detection devices shall be located to minimize accu-
mulation of foreign material that would affect functioning.

11.5.4 Detection devices shall be mounted so that their maxi-
mum temperature rating, as specified by the manufacturer, is
not exceeded.

11.6 Electrically Operated Actuating Devices.

11.6.1* Electrically operated actuating devices shall be
mounted so that their maximum temperature rating, as speci-
fied by the manufacturer, is not exceeded.

11.7 Control Panels.

11.7.1 A control panel with a standby battery backup of no
less than 24 hours shall be provided with each isolation system
that supplies energy to accomplish the following actions:

(1) Power all detection devices
(2) Energize all electrically operated actuating devices
(3) Energize local visual and audible alarms
(4) Transfer all auxiliary control and alarm contacts
(5) Control system-disabling interlock and process shutdown

circuits

11.7.2 The control panel shall, as a minimum, fully and con-
tinuously supervise the following conditions:

(1) Wiring circuits for opens and other faults
(2) AC power supply (primary)
(3) Battery voltage, presence, and polarity
(4) System safety interlock circuitry
(5) System-disabling interlock circuitry including lockout

and tagout status
(6) Releasing outputs
(7) Electrically operated actuating devices
(8) Detection devices
(9) Local visual and audible alarms

(10) Circuit ground fault
(11) Isolation container pressure indicators

11.7.3* The supervisory circuits in 11.7.2 shall be provided
with visual and audible signals.

11.7.4 Control panel contacts shall be provided that enable
the owner or operator to initiate an orderly, automatic shut-
down of the process and protection system should unautho-
rized entry of a protected enclosure be attempted.

11.7.5 If a pressurized container pressure falls below manu-
facturer’s required level, a trouble signal shall be sent to the
control unit indicating a disabled protection system.

Chapter 12 Deflagration Control by Passive Isolation

12.1* Application.

12.1.1* The technique of deflagration isolation by passive means
shall be permitted for interruption or mitigation of flame, defla-
gration pressures, pressure piling, and flame-jet ignition between
enclosures that are interconnected by pipes or ducts.

12.1.2 Piping, ducts, and enclosures protected by an isolation
system shall be designed to withstand estimated pressures as
provided by the isolation system manufacturer.

12.2 Passive Isolation Techniques. Passive isolation system de-
sign shall be permitted to be based on various techniques that
include, but are not limited to, the use of the following equip-
ment:

(1) Flame front diverters
(2) Passive float valves
(3) Passive flap valves
(4) Material chokes (rotary valves)
(5) Static dry flame arresters
(6) Hydraulic (liquid seal)–type flame arresters
(7) Liquid product flame arresters

12.2.1* Flame Front Diverters.

12.2.1.1* Different Types of Flame Front Diverters. Flame
front diverters shall be permitted to be any of the following types:

(1) Rupture disc diverters
(2) Explosion door diverters
(3) Self-closing explosion door diverters

12.2.1.2 Basic System Design Considerations. The design of a
flame front diverter system shall consider, but shall not be
limited to, the following criteria:

(1) Deflagration characteristics of the combustible material
(2) Type of deflagration protection used on the upstream en-

closure, if any
(3) Length, cross-sectional area, configuration, and strength

of the piping
(4) Turbulence-generating features in the piping such as fit-

tings, valves, elbows, and wall roughness
(5) Velocity of the combustible fuel–air mixture in the pipe
(6) Location of the flame front diverter relative to the pro-

tected downstream enclosure
(7) Location of probable ignition sources

12.2.1.3 Flame Front Diverter Design Requirements.

12.2.1.3.1 The body design shall divert the flame front to
atmosphere and away from the downstream piping.

12.2.1.3.2 The body shall be capable of withstanding the ex-
pected deflagration pressure.

12.2.1.3.3 The closure device shall be a rupture disc, cover
plate, or door.

12.2.1.3.4 The opening pressure of the closure device shall
be less than 100 mbar (1.74 psi).

12.2.1.3.5 Where the closure device could be a missile haz-
ard, it shall be either tethered or contained in a cage.

12.2.1.3.6 The flame front diverter shall discharge to a safe,
unrestricted, outdoor location, and the discharge shall not be
obstructed.

12.2.1.3.7 Flame front diverters shall be marked with respect
to the direction of deflagration propagation.

12.2.1.4 System Certification. The flame front diverter system
design methodology and application range shall be supported
by appropriate testing and certified by a recognized testing
organization acceptable to the authority having jurisdiction.
(See A.10.4.2.1.)

12.2.1.4.1* A performance demonstration shall include a deter-
mination that the device is capable of maintaining mechanical
integrity under expected deflagration conditions and of limiting
pressure piling in the downstream protected equipment.
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12.2.1.4.2 Upon request, the system manufacturer shall pro-
vide to the owner or operator documentation supporting that
the design is in compliance with the manufacturer’s indepen-
dent third-party approval, including application limitations,
and is suitable for the hazard to be protected.

12.2.1.5 Flame Front Diverter Application Limits. Flame front
diverter limitations shall include, but not be limited to, the
following:

(1) A flame front diverter shall not be permitted as the only
means of isolation if the design intent is to completely
stop flame propagation.

(2) A flame front diverter shall not be permitted to be used
for gases where the piping configuration could result in
transition to detonation.

(3) A flame front diverter shall not be permitted to be used
with toxic process materials.

(4) A flame front diverter shall be located outdoors.

12.2.2* Flow-Actuated Float Valve. The interior of this valve
shall be designed to contain a valve plug (float) that can be
moved axially within its housing. If an explosion (deflagra-
tion) occurs, the valve shall close automatically because of the
pressure wave preceding the flame front.

12.2.2.1* Flow-Actuated Float Valve Design. Float valve system
design shall include the following considerations:

(1) Deflagration characteristics of the combustible material
(2) Volume, configuration, and operating characteristics of

the equipment to be protected and the conveying system
(3) Type of deflagration protection used on the enclosure, if

any
(4) Length, cross-sectional area, configuration, and strength

of the piping
(5) Turbulence-generating features in the piping such as fit-

tings, valves, elbows, and wall roughness
(6) Velocity of the combustible fuel–air mixture in the pipe
(7) Location of probable ignition sources
(8) Anticipated differential pressure across the valve during

deflagration
(9) Normal process flow velocity and direction at the valve

location
(10) Orientation of the valve

12.2.2.2 Float Valve Design Criteria. Float valve design criteria
shall comply with 12.2.2.2.1 through 12.2.2.2.4.

12.2.2.2.1 The anticipated differential pressure across the
valve during deflagration, as determined by the valve manu-
facturer, shall be greater than the float valve closing pressure.

12.2.2.2.2 The normal process flow velocity at the valve shall
be less than the specified limit for the float valve closure.

12.2.2.2.3 The valve shall include a means to latch it in the
closed position upon actuation.

12.2.2.2.4 A signal shall be provided that indicates the valve is
in the closed position.

12.2.2.3 System Certification. The float valve deflagration iso-
lation system design methodology and application range shall
be supported by appropriate testing and certified by a recog-
nized testing organization acceptable to the authority having
jurisdiction. (See A.10.4.2.1.)

12.2.2.3.1 A performance demonstration shall include the re-
quired minimum and maximum location placement distances

from the expected ignition source and the range of allowable
Pred for the enclosure where the ignition might occur.

12.2.2.3.2 Upon request, the system manufacturer shall pro-
vide to the owner or operator documentation supporting that
the design is in compliance with the manufacturer’s indepen-
dent third-party approval, including application limitations,
and is suitable for the hazard to be protected

12.2.2.4* Float Valve Application Limits. Float valves shall not
be permitted to be used under the following circumstances:

(1) With slow propagating explosions, below the limits of the
test data (Bartknecht, 1989)

(2) In a stream containing significant quantities of accumu-
lating dust, as specified by the manufacturer

12.2.3 Flow-Actuated Flap Valve. The flap valve shall be
mounted on the inlet conveying duct of a protected vessel and
open in the direction of process flow.

12.2.3.1 The interior of the flap valve shall be designed to
contain a flap plate on a perpendicular shaft that can be
turned within its housing.

12.2.3.2 If an explosion (deflagration) occurs, the valve shall
close automatically as a result of the pressure wave preceding
the flame front.

12.2.3.3 Flow-Actuated Flap Valve Design. Flap valve system
design shall include the following considerations:

(1) Deflagration characteristics of the combustible material
(2) Volume, configuration, and operating characteristics of

the equipment to be protected and the conveying system
(3) Type of deflagration protection used on the enclosure, if

any
(4) Material loading in the conveying duct
(5) Material physical properties (i.e., abrasiveness, adhesive-

ness, etc.)
(6) Length, cross-sectional area, configuration, and strength

of the piping
(7) Turbulence generating-features in the piping, such as

fittings, valves, elbows, and wall roughness
(8) Velocity of the combustible dust/air mixture in the pipe
(9) Location of probable ignition sources

(10) Normal process flow velocity and direction at the valve
location

(11) Orientation of the valve
(12) Maximum allowable reduced explosion pressure of the

valve

12.2.3.4 Flow-Actuated Flap Valve Design Criteria. Flap valve
design criteria shall comply with 12.2.3.4.1 to 12.2.3.4.6.

12.2.3.4.1 The anticipated differential pressure across the
valve during deflagration, as determined by the valve manu-
facturer, shall be greater than the flap valve closing pressure.

12.2.3.4.2 Upon actuation from a deflagration pressure wave,
the flap plate shall close and remain sealed via a locking mecha-
nism to prevent flame and burning material propagation.

12.2.3.4.3 The flap valve shall have an inspection door to
allow periodic inspection of the flap plate and seal.

12.2.3.4.4 Upon activation, the flap valve shall initiate an im-
mediate, automatic shutdown of the protected process.

12.2.3.4.5 A continuous signal shall be provided to ensure
that valve operation is not compromised by the accumulation
of a dust layer on the bottom interior of the valve.
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12.2.3.4.5.1 Upon receipt of a signal indicating that the flap
valve could be compromised, the protected process shall ini-
tiate an immediate, automatic, and orderly shutdown.

12.2.3.4.5.2 A documented risk assessment and an appropri-
ate inspection protocol and frequency shall be permitted in
lieu of the continuous signal in 12.2.3.4.5, where acceptable to
the authority having jurisdiction.

12.2.3.4.6* The conveying ductwork between the protected
vessel and the flap valve shall be of sufficient strength to with-
stand the expected peak pressure.

12.2.3.5 System Certification. The flow-actuated flap valve de-
flagration isolation system design methodology and applica-
tion range shall be supported by appropriate testing and cer-
tified by a recognized testing organization acceptable to the
authority having jurisdiction. (See A.10.4.2.1.)

12.2.3.5.1 A performance demonstration shall determine the
following:

(1) Minimum and maximum location placement distances
from the expected ignition source

(2) Minimum and maximum Kst
(3) Maximum number of flow direction changes
(4) Maximum dust loading
(5) Maximum air velocity
(6) Range of allowable Pred within the protected enclosure

where the ignition might occur

12.2.3.5.2 Upon request, the system manufacturer shall pro-
vide to the owner or operator documentation supporting that
the design is in compliance with the manufacturer’s indepen-
dent third-party approval, including application limitations,
and is suitable for the hazard to be protected.

12.2.3.6 Flow-Actuated Flap Valve Application Limits. Flap
valves shall not be permitted to be used under the following
circumstances:

(1) With slow propagating explosions, below the limits of the
test data

(2) In a stream containing significant quantities of agglomer-
ating dust, as specified by the manufacturer

(3) In a stream containing flammable gases/vapors or hybrid
mixtures

(4) In a stream containing chemically unstable material
(5) In a stream containing pyrotechnic or explosive material
(6) In a dense phase conveying stream

12.2.4* Material Chokes (Rotary Valves). Material chokes shall
be permitted to be used as isolation devices for processes han-
dling dusts.

12.2.4.1* Rotary Valve System Design Considerations. Rotary
valve system design considerations shall include the following:

(1) Deflagration characteristics of the combustible material
(2) Volume, configuration, and operating characteristics of

the equipment to be protected and the conveying system
(3) Type of deflagration protection used on the vessel
(4) Maximum deflagration pressure that the rotary valve will

experience

12.2.4.2 Rotary Valve Design Criteria. Rotary valves intended
for deflagration isolation systems shall be designed according
to one of the following isolation concepts:

(1) Deflagration isolation by flame quenching (close-clearance
valves)

(2) Deflagration isolation by material blocking (product layer
above the valve)

12.2.4.3* The design criteria in 12.2.4.3.1 through 12.2.4.3.9
shall be applicable to either concept defined in 12.2.4.2.

12.2.4.3.1 The valve body and rotor shall have sufficient
strength to withstand the maximum anticipated explosion
pressure, Pred.

12.2.4.3.2 The design basis shall include the specific explo-
sion characteristics (KSt and Pmax) of the powder being
handled.

12.2.4.3.3 The valve pressure resistance shall be certified or
tested by a knowledgeable test authority.

12.2.4.3.4 There shall be at least six vanes on the rotor, dia-
metrically opposed.

12.2.4.3.5 At least two vanes on each side of the valve housing
shall be in a position of minimum clearance at all times.

12.2.4.3.6 The valve shall have metal body and vanes unless it
is shown by test data that nonmetallic or composite materials
prevent flame passage.

12.2.4.3.7 Rotary valve bearings shall be mounted externally.

12.2.4.3.8 An independent explosion detection device or inter-
lock from another installed explosion prevention or control sys-
tem on the same protected enclosure shall be interlocked to au-
tomatically stop the rotary valve upon a deflagration event.

12.2.4.3.9 The need for performance testing of the valve de-
sign shall be determined by the authority having jurisdiction.

12.2.4.4* Rotary Valve with Material Blocking.

12.2.4.4.1 A material block shall be maintained above rotary
valves with a design clearance between vane and valve body
greater than 0.2 mm (0.0079 in.).

12.2.4.4.2 A level control switch shall be provided and inter-
locked to the rotary valve to maintain a minimum material
layer above the valve inlet flange.

12.2.4.4.3 The minimum maintained material level above
the inlet flange shall be at least equal to the larger of the valve
inlet equivalent diameter or 0.3 m (1 ft).

12.2.4.5* Close-Clearance Rotary Valves.

12.2.4.5.1 Close-clearance rotary valves shall be designed
with a clearance between vane and valve body of = 0.2 mm
(0.0079 in.).

12.2.4.5.2 The clearance between vane and valve body shall
be small enough to prevent the passage of flame between the
rotor and valve housing.

12.2.4.5.3 Actual clearance of such rotary valves shall be mea-
sured before installation and monitored using a predictive
maintenance program such that the design clearance is not
exceeded due to wear.

12.2.4.6 Rotary Valve Application Limits. Rotary valves shall
not be permitted to be used as an isolation device for systems
handling hybrid mixtures or gases.

12.2.5* Static Dry Flame Arresters.

12.2.5.1 General Application. This section shall not apply to
the following equipment:

(1) Devices that utilize a liquid-type flame arrester to prevent
the passage of flame
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(2) Devices that rely on gas flow velocity to prevent upstream
propagation of flame

(3) Systems handling combustible dusts

12.2.5.2* Static Dry Flame Arrester Designs. For the purposes
of this subsection, flame arresters shall be divided into the
following groups:

(1) In-line deflagration arrester
(2) In-line stable detonation arrester
(3) In-line unstable detonation arrester
(4) End-of-line deflagration arrester
(5) In-equipment deflagration arrester

12.2.5.3 Static Flame Arrester System Design Considerations.
Static flame arrester system design considerations shall in-
clude the following:

(1) Deflagration characteristics of the combustible material,
including the maximum experimental safe gap (MESG)

(2) Length, cross-sectional area, configuration, and strength
of the piping on the unprotected side of the flame ar-
rester (ignition source)

(3) Turbulence-generating features in the piping on the un-
protected side such as fittings, valves, elbows, and wall
roughness

(4) Location of probable ignition sources
(5) Potential for continued burning
(6) Arrester orientation
(7) Process conditions during startup, normal operation, and

shutdown

12.2.5.4* Static Dry Flame Arrester Design Criteria. Static dry
flame arrester systems shall be designed according to the cri-
teria in 12.2.5.4.1 through 12.2.5.4.16.

12.2.5.4.1 Flame arresters shall be placed in the potential
flame path between the source of ignition and the system to be
protected.

12.2.5.4.2 The maximum allowable distance from the ignition
source shall be documented in an independent third-party ap-
proval and in the maintenance and instruction manuals.

12.2.5.4.3 Static dry flame arresters shall consist of a flame
arrester element(s) in a housing.

12.2.5.4.4 Flame arresters shall be installed and maintained
in accordance with the manufacturer’s instructions.

12.2.5.4.5 In-line arresters that can experience continued
burning for a time longer than that for which they were tested
or that are installed in a different orientation than in the ap-
proval test (i.e., an arrester that has undergone continuous-
burning test in a upright position with one end open to atmo-
sphere, but that is actually installed horizontally in a closed
piping system) shall meet the criteria in 12.2.5.4.5.1 through
12.2.5.4.5.4.

12.2.5.4.5.1 A means of detecting the burning shall be pro-
vided on both sides of the arrester along with an alarm or
automatic device to interrupt flow prior to failure.

12.2.5.4.5.2* The response time for shutoff shall not extend
beyond 1 minute.

12.2.5.4.5.3 The shutoff temperature selected shall be deter-
mined on a case-by- case basis by, but not limited to, the follow-
ing criteria:

(1) The normal operating temperature of the vapor stream
(2) The maximum operating temperature of the vapor stream
(3) The vapor with the lowest autoignition temperature in the

vapor stream

12.2.5.4.5.4 If thermocouples are used, they shall not be
placed in thermowells unless specifically tested in that con-
figuration.

12.2.5.4.6 The pipe diameter on the unprotected side shall
be no larger than the flame arrester inlet connection within
120 times the length-to-diameter ratio of the arrester inlet.

12.2.5.4.7 The pipe diameter on the protected side shall be
no less than the pipe diameter on the unprotected side, unless
tested with a restriction on the protected side.

12.2.5.4.8 Continuous monitoring of pressure drop shall be
provided if the process is known to contain particulates or
substances that may block the element and overpressurize the
system.

12.2.5.4.9 Suitability of a flame arrester shall be checked if
the process conditions or pipework configuration has been
changed.

12.2.5.4.10 All parts of the flame arrester shall be constructed
to resist the expected mechanical, thermal, and chemical
loads for the intended use.

12.2.5.4.11 All joints shall be constructed and sealed in such a
way that flame cannot bypass the flame arrester element and
that flame is prevented from propagating to the outside of the
flame arrester.

12.2.5.4.12 Coatings of components that may be exposed to
flames during operation shall not be damaged in such a way
that flame transmission is possible.

12.2.5.4.13 When a flame arrester element has no intrinsic
stability, it shall be secured in a rigid housing that cannot be
dismantled without destruction.

12.2.5.4.14 Inspection. Arrester systems shall be designed to
allow inspection for product buildup on a frequency estab-
lished by facility experience.

12.2.5.4.14.1 Initially, until experience has determined oth-
erwise, the unit shall be inspected based on manufacturer’s
recommendations.

12.2.5.4.14.2 Design shall allow internal inspection of flame
filter elements.

12.2.5.4.14.3 If exposed to corrosive media, filter elements
shall be designed so that they can be removed for inspection.

12.2.5.4.15* Flame arresters shall be designed such that when
mounted the forces of the deflagration or detonation will be
absorbed by the support structure.

12.2.5.4.16 Arrester filter elements shall be replaced if any
damage is detected or if a continuous burning flame was
present on the arrester elements.

12.2.5.5 System Verification.

12.2.5.5.1 Flame arresters shall be tested in accordance with
internationally recognized standards for the identified appli-
cation (e.g., FM Global and USCG standards; ISO 16852, Flame
Arresters — Performance Requirements, Test Methods and Limits for
Use) and an independent third-party approval shall be issued.

12.2.5.5.2 Evidence that the manufacturing process is con-
trolled within tolerances shall be available to ensure reproduc-
ibility.

12.2.5.5.3 Light metal alloys shall not contain more than
6 percent magnesium.
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12.2.5.6 Static Dry Flame Arrester Application Limits.

12.2.5.6.1 Use of these devices shall not apply to operational
temperature outside the approved temperature range; special
testing and approval shall be required if the operational tem-
perature is exceeded.

12.2.5.6.2 Use of these devices shall not apply to operational
pressure outside the approved pressure range; special testing
and approval shall be required if the operational pressure is
exceeded.

12.2.5.6.3 Use of these devices shall be limited to gas–air mix-
tures with an MESG equal to or greater than that tested; spe-
cial testing and approval shall be required for use with el-
evated oxygen concentration or other oxidants.

12.2.5.6.4 For in-line deflagration arresters, at least 10 per-
cent of the cross-sectional area of the pipe shall be open at the
identified process ignition source.

12.2.5.6.5 For in-line deflagration arresters the ratio of pipe
length (between the potential ignition source and the flame
arrester) and pipe diameter shall not exceed the tested ratio
of length to diameter.

12.2.5.6.6 Where field installation includes elbows, tees, and
instrumentation between the ignition source and the arrester,
the owner shall provide isometric drawings of the intended
piping layout to the vendor for review.

12.2.5.6.7 Use of these devices shall not apply outside the
tested application limits.

12.2.5.6.8 The choice of stable versus unstable detonation
arresters shall be made by the owner or operator in consulta-
tion with the vendor, giving consideration to piping configu-
ration and location of probable ignition sources.

12.2.5.6.9 These devices shall not be used for self-decomposing
mixtures, unless specifically tested for the application.

12.2.6* Hydraulic (Liquid Seal)–Type Deflagration Arresters.
A liquid–type deflagration arrester shall be used for prevent-
ing the passage of flame by passing gas through a liquid.

12.2.6.1* Hydraulic (Liquid Seal)–Type Deflagration Arrester
Designs. Hydraulic (liquid seal)–type deflagration arresters
shall be either bubble screen or sparge tube type.

12.2.6.2 Hydraulic (Liquid Seal) Flame Arrester System De-
sign Considerations. Hydraulic (liquid seal) flame arrester sys-
tem design considerations shall include the following:

(1) Deflagration characteristics of the combustible material,
including MESG

(2) Length, cross-sectional area, configuration, and strength
of the piping on the unprotected side of the flame ar-
rester (ignition source)

(3) Turbulence-generating features in the piping on the un-
protected side such as fittings, valves, elbows, and wall
roughness

(4) Location of probable ignition sources
(5) Potential for continued burning
(6) Arrester orientation
(7) Process conditions during startup, normal operation,

and shutdown
(8) Tendency for foaming
(9) Particulate load of the process vapors

(10) Maximum process volumetric flow

12.2.6.3 Hydraulic (Liquid Seal) Flame Arrester Design Crite-
ria. Hydraulic (liquid seal) flame arresters shall be designed
according to the criteria in 12.2.6.3.1 through 12.2.6.3.27.

12.2.6.3.1 Hydraulic flame arresters shall be placed in the
potential flame path between the source of ignition and the
system to be protected.

12.2.6.3.2 The maximum allowable distance from the ignition
source shall be documented in an independent third-party ap-
proval and in the maintenance and instruction manuals.

12.2.6.3.3 Hydraulic flame arresters shall be installed and
maintained in accordance with the manufacturer’s instruc-
tions.

12.2.6.3.4 Hydraulic flame arresters that can experience
continued burning for a time longer than that for which
they were tested or that are installed in a different orienta-
tion than in the approval test (e.g., an arrester that has
undergone a continuous-burning test in an upright posi-
tion with one end open to atmosphere but that is actually
installed horizontally in a closed piping system) shall meet
the criteria in 12.2.6.3.4.1 through 12.2.6.3.4.3.

12.2.6.3.4.1 A means of detecting the burning shall be pro-
vided on both sides of the arrester along with an alarm or
automatic device to interrupt flow prior to failure.

12.2.6.3.4.2 The shutoff temperature selected shall be deter-
mined on a case-by- case basis by, but not limited to, the follow-
ing criteria:

(1) The normal operating temperature of the vapor stream
(2) The maximum operating temperature of the vapor stream
(3) The vapor with the lowest autoignition temperature in

the vapor stream

12.2.6.3.4.3 If thermocouples are used, they shall not be
placed in thermowells unless specifically tested with these.

12.2.6.3.5 Suitability of a hydraulic flame arrester shall be
checked if the process conditions or pipe work configuration
has been changed.

12.2.6.3.6 All parts of the hydraulic flame arrester shall be
constructed to resist the expected mechanical, thermal, and
chemical loads for the intended use.

12.2.6.3.7 All joints shall be constructed and sealed in such a
way that flame cannot bypass the seal containment and also
flame is prevented from propagating to the outside of the
flame arrester.

12.2.6.3.8 Coatings of components that might be exposed to
flames during operation shall not be damaged in such a way
that flame transmission is possible.

12.2.6.3.9 Inspection.

12.2.6.3.9.1 Arrester systems shall be designed to allow in-
spection for product buildup on a frequency established by
facility experience.

12.2.6.3.9.2 Initially, until experience has determined other-
wise, the unit shall be inspected based upon manufacturer’s
recommendations.

12.2.6.3.10* Flame arresters shall be designed such that when
mounted, the forces of the deflagration or detonation will be
absorbed by the support structure.

12.2.6.3.11 Arrester filter elements shall be replaced if any dam-
age is detected or if a continuous burning flame was present on
the arrester elements.
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12.2.6.3.12 The hydraulic flame arrester seal level shall be
constantly monitored and automatically refilled.

12.2.6.3.13 The temperature of the seal medium shall have a
safety margin of 40°C under the vaporization point and 10°C
above the freezing point and be maintained by insulation,
heating, or cooling as required.

12.2.6.3.14 Hydraulic flame arresters shall be mounted to
absorb the forces exerted on the mounting arrangement
caused by the deflagration entering the unit.

12.2.6.3.15 Hydraulic flame arresters shall be inspected after
each incident in which they have been called upon to func-
tion, to determine if the unit has been damaged by the defla-
gration or detonation.

12.2.6.3.16 Hydraulic flame arresters shall be installed and
maintained in accordance with the manufacturer’s instructions.

12.2.6.3.17 Hydraulic flame arresters shall have inner design
features that prevent sloshing effects and wave resonance in
the seal.

12.2.6.3.18 The immersion depth at rest and the operational
immersion depth shall not be less than the manufacturer’s
recommended safety margin.

12.2.6.3.19 The operational immersion depth shall be main-
tained by automatic control of the water supply to ensure the
minimum operational immersion depth.

12.2.6.3.20 Design shall allow internal inspection of the vessel.

12.2.6.3.21 For corrosive media, the bubble-creating devices
(e.g., sparge tube or bubble screen) shall be designed from
corrosion-resistant material and shall allow for inspection.

12.2.6.3.22 The flow stream design shall ensure that a con-
trolled volume flow passes through the hydraulic flame arrester,
so that no zones can be generated in which flame and pressure
fronts can pass the hydraulic flame arrester, in order to avoid
bubble cascade ignition and compression wave ignition.

12.2.6.3.23 Fouling and clogging shall be avoided in the seal
zone.

12.2.6.3.24 Hydraulic flame arrester design and support
structures shall support a completely filled system.

12.2.6.3.25 Seal level detection and refilling shall be per-
formed within 30 seconds.

12.2.6.3.26 Seal filling shall be fail-safe or redundant.

12.2.6.3.27* The seal volume and inner design shall be ca-
pable of withstanding three impacts of maximum intensity
without refilling of the seal liquid.

12.2.6.4 System Verification.

12.2.6.4.1 Hydraulic-type flame arresters shall be tested in
accordance with internationally recognized standards for the
identified in-line application (e.g., ISO 16852), and an inde-
pendent third-party approval shall be issued.

12.2.6.4.2 Evidence shall be available that the manufacturing
process is controlled within tolerances to ensure reproducibility.

12.2.6.5 Hydraulic (Liquid Seal)–Type Deflagration Arrester
Application Limits.

12.2.6.5.1 Hydraulic (liquid seal) arresters shall not apply
outside the approved temperature range unless special testing
is provided.

12.2.6.5.2 Hydraulic (liquid seal) arresters shall not apply
outside the approved pressure range unless special testing is
provided.

12.2.6.5.3 Use of hydraulic (liquid seal) arresters shall be lim-
ited to gas–air mixtures with an MESG equal to or greater than
that tested.

12.2.6.5.4 Hydraulic (liquid seal) arresters shall not be ap-
plied with elevated oxygen concentration or other oxidants
unless special testing is provided.

12.2.6.5.5 The location of the hydraulic flame arresters shall
not exceed the ratio of pipe length (between the potential
ignition source and the flame arrester) to pipe diameter, and
shall not exceed the tested ratio of length to diameter unless
tested for detonation.

12.2.6.5.6 Hydraulic flame arresters shall not be installed for
volume flows above the maximum tested volume flow for
which they are designed.

12.2.7* Liquid Product Flame Arrester. A liquid product flame
arrester uses the product liquid to form a seal to prevent flame
transmission of a deflagration.

12.2.7.1* Liquid-Type Flame Arrester Design. Liquid product
flame arresters shall be divided, for purposes of this subsec-
tion, into the following groups:

(1)*Liquid product flame arrester with siphon bypass for bidi-
rectional transfer operation

(2)*Liquid product flame arrester without siphon bypass for
filling operations only

(3)*Liquid product flame arrester with foot valve for empty-
ing operations only

12.2.7.2 Liquid Product Flame Arrester System Design Con-
siderations. Liquid product flame arrester system design con-
siderations shall include the following:

(1) Explosion characteristics of the combustible material, in-
cluding MESG

(2) Length, cross-sectional area, configuration, and strength
of the piping on the unprotected side of the flame ar-
rester (ignition source)

(3) Arrester orientation
(4) Process conditions during startup, normal operation, and

shutdown
(5) Maximum process volumetric flow

12.2.7.3 Liquid Product Flame Arrester Design Criteria. Liq-
uid product flame arresters shall be designed according to the
criteria in 12.2.7.3.1 through 12.2.7.3.10.

12.2.7.3.1 Liquid product flame arresters shall be placed in
the potential flame path between the source of ignition and
the system to be protected.

12.2.7.3.2 Liquid product flame arresters shall be installed
and maintained in accordance with the manufacturer’s in-
structions.

12.2.7.3.3 Suitability of a liquid product flame arrester shall
be checked if the process conditions or piping configuration
has been changed.

12.2.7.3.4 All parts of the liquid product flame arrester shall
be constructed to resist the expected mechanical, thermal,
and chemical loads for the intended use.
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12.2.7.3.5 All joints shall be constructed and sealed in such a
way that flame cannot bypass the seal containment and also
flame is prevented from propagating to the outside of the liq-
uid product flame arrester.

12.2.7.3.6 Coatings of components that might be exposed to
flames during operation shall not be damaged in such a way
that flame transmission is possible.

12.2.7.3.7 Inspection.

12.2.7.3.7.1 Arrester systems shall be designed to allow in-
spection for product buildup on a frequency established by
facility experience.

12.2.7.3.7.2 Initially, until experience has determined other-
wise, the unit shall be inspected based on manufacturer’s rec-
ommendations.

12.2.7.3.7.3 Design shall allow internal inspection of seal
containment.

12.2.7.3.7.4 If a siphon bypass device is included, design shall
allow internal inspection of the flame arrester element of the
siphon bypass device.

12.2.7.3.7.5 If filter elements are included and these are ex-
posed to corrosive media, filter elements shall be designed
such that they can be removed for inspection.

12.2.7.3.8 The temperature of the seal medium shall have a
safety margin 40°C below the vaporization point and 10°C
above the freezing point and be maintained by insulation,
heating, or cooling, as required.

12.2.7.3.9 Liquid product flame arresters shall be mounted
to absorb the forces exerted on the mounting arrangement.

12.2.7.3.10 Liquid product flame arresters shall be inspected
after each incident in which they have been called on to func-
tion, to determine if the unit has been damaged by the defla-
gration.

12.2.7.4 System Verification.

12.2.7.4.1 Liquid product flame arresters shall be tested in
accordance with internationally recognized standards for the
identified in-line application and an independent third-party
approval shall be issued.

12.2.7.4.2 Evidence shall be available that the manufacturing
process is controlled within tolerances to ensure reproducibility.

12.2.7.5 Liquid Product Flame Arrester Application Limits.

12.2.7.5.1 These devices shall not be applied outside the ap-
proved temperature range unless special testing is provided.

12.2.7.5.2 These devices shall not be applied outside the ap-
proved pressure range unless special testing is provided.

12.2.7.5.3 Use of these devices shall be limited to gas–air mix-
tures with an MESG (vapor will result from liquid evapora-
tion) equal to or greater than that tested.

12.2.7.5.4 These devices shall not be applied with elevated oxy-
gen concentration or other oxidants unless special testing is pro-
vided.

12.2.7.5.5 These devices shall not be applied to self-
decomposing mixtures, unless specifically tested.

12.2.7.5.6 These devices shall not be installed for volumet-
ric flows above the maximum tested flow for which they are
designed.

Chapter 13 Deflagration Control by Pressure
Containment

13.1 Application.

13.1.1 The technique for deflagration pressure containment
shall be permitted to be considered for specifying the design
pressure of a vessel and its appurtenances so they are capable
of withstanding the maximum pressures resulting from an in-
ternal deflagration.

13.1.2 This chapter shall provide the basis for determining
the vessel design pressure required to withstand the pressures
resulting from an internal deflagration.

13.1.3 This chapter shall be limited to systems in which the
oxidant is air.

13.1.4 The design pressure specified by this chapter shall be
based on the most severe set of system conditions that can occur.

13.1.5* Deflagration pressure containment shall be applied to
a vessel with attached equipment to protect such equipment
from imposed pressure loads that could equal or be greater
than the pressure loads experienced by the protected vessel.

13.2 Design Limitations.

13.2.1* Deflagration pressure containment techniques shall
not be applied to systems for the purpose of containing a deto-
nation.

13.2.2* Deflagration pressure containment shall not be ap-
plied to systems where two or more vessels are connected by
large-diameter pipes or ducts, unless one of the following con-
ditions is met:

(1) Deflagration pressure containment shall be permitted to
be used where interconnected piping is provided with de-
flagration isolation.

(2) Deflagration pressure containment shall be permitted to be
used where venting is provided for interconnected piping.

(3) Deflagration pressure containment shall be permitted to
be used where interconnected vessels are designed to
contain the increased pressures due to the effects of pre-
pressurization. (See Annex G.)

(4) Deflagration isolation or venting of one vessel shall be
permitted to be used.

(5)*Deflagration pressure containment shall be permitted to
be used for initial gauge pressures exceeding 2 bar (30
psi) only when the maximum deflagration pressure ratio
(R) is determined by test or calculations.

13.3 Design Bases.

13.3.1 Enclosures protected by design for deflagration pres-
sure containment shall be designed and constructed accord-
ing to the ASME Boiler and Pressure Vessel Code, or similar codes,
where the maximum allowable working pressure, herein des-
ignated as Pmawp, shall be determined by calculation.

13.3.1.1 Such determinations shall include an allowable
stress for the enclosure material of construction, which is less
than the measured yield stress and the measured ultimate
stress for the material of construction.

13.3.1.2 The design pressure shall be based on the wall thick-
ness of the enclosure, subtracting any allowance for corrosion
or erosion. For existing enclosures, the design pressure shall
be based on the actual measured minimum wall thickness,
subtracting a corrosion allowance.
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13.3.1.3 The enclosure design shall take into consideration
the minimum operating temperature at which a deflagration
could occur, which shall be compared with the temperature
characteristics of the vessel’s construction material to ensure
that brittle fracture cannot result from a deflagration.

13.3.1.4 The user shall determine whether permanent defor-
mation of the protected enclosure, as a result of a potential defla-
gration, can be accepted.

13.3.2 The design pressure of the enclosure, as calculated in
13.3.4, shall be based either on preventing rupture of the en-
closure (the ultimate strength of the enclosure), but allowing
permanent deformation (also called explosion-proof shock-
resistant), or on preventing permanent deformation (the
yield strength of the enclosure, also called explosion-pressure
shock-resistant) from internal positive overpressure.

13.3.3 Due to the vacuum that could follow a deflagration, all
enclosures whose deflagration pressure containment design is
based on preventing deformation shall also be designed to
withstand an absolute internal pressure of 68.95 kPa (10 psi)
or they shall be provided with vacuum relief.

13.3.4* Given an initial pressure and dimensionless pressure
ratio for the potential deflagration, Pmawp shall be selected
based on the following conditions as defined by Equation
13.3.4a or Equation 13.3.4b:

(1) Permanent deformation, but not rupture, of the enclo-
sure can be accepted.
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(2) Permanent deformation of the enclosure cannot be ac-
cepted.
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where:
Pmawp = enclosure design pressure (psig) according to

ASME Boiler and Pressure Vessel Code
R = dimensionless pressure ratio
Pi = maximum initial pressure at which combustible

atmosphere exists (psig)
Fu = ratio of ultimate stress of the enclosure to the

allowable stress of the enclosure according to
ASME Boiler and Pressure Vessel Code

Fy = ratio of the yield stress of the enclosure to the
allowable stress of the materials of construction
of the enclosure according to ASME Boiler and
Pressure Vessel Code

13.3.4.1* The dimensionless ratio, R, is the ratio of the maxi-
mum deflagration pressure, in absolute pressure units, to the
maximum initial pressure, in consistent absolute pressure units.

13.3.4.2 For use as a practical design basis (since optimum
conditions seldom exist in industrial equipment), the value of
R shall be as follows:

(1) For most gas and air mixtures, the value of R shall be 9.
(2) For St-1 and St-2 dust–air mixtures, the value of R shall be 11.
(3) For St-3 dust–air mixtures, the value of R shall be 13.

13.3.4.3 A value for R other than the values specified in
13.3.4.2 shall be permitted to be used if such value can be
substantiated by test data or calculations.

13.3.4.4 For operating temperatures below 25°C (77°F), the
value of �R shall be calculated for use in Equation 13.3.4a and
Equation 13.3.4b:

�R R
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⎛
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⎟ (13.3.4.4)

where:
�R = deflagration ratio adjusted for operating

temperature
R = maximum deflagration ratio for the mixture

measured at 25°C (77°F)
Ti = operating temperature (°C)

13.3.5 The presence of any pressure relief device on the sys-
tem shall not cause the design pressure calculated by the
methods of 13.3.4 to be reduced.

13.3.6* The maximum initial pressure for positive pressure
systems shall be as follows:

(1) For positive pressure systems that handle gases and liq-
uids, the maximum initial pressure, Pi, shall be the maxi-
mum initial pressure at which a combustible atmosphere
is able to exist, but a pressure not higher than the setting
of the pressure relief device plus its accumulation.

(2) For positive pressure systems that handle dusts, the maxi-
mum initial pressure shall be the greater of the following
two pressure values:
(a) Maximum possible discharge pressure of the com-

pressor or blower that is suspending or transporting
the material

(b) Setting of the pressure relief device on the vessel be-
ing protected plus its accumulation

(3) For gravity discharge of dusts, the maximum initial pres-
sure shall be the atmospheric gauge pressure (0.0 bar or
0.0 psi).

13.3.7 For systems operating under vacuum, the maximum
initial pressure shall not be less than atmospheric gauge pres-
sure (0.0 bar or 0.0 psi).

13.3.8 Auxiliary equipment such as vent systems, manways,
fittings, and other openings into the enclosure, which could
also experience deflagration pressures, shall be designed to
ensure integrity of the total system and shall be inspected pe-
riodically.

13.4 Maintenance. Any enclosure designed according to the
methods of this chapter shall be inspected and maintained in
accordance with local jurisdictional practices for registered
pressure vessels. In particular, relief devices shall be inspected
periodically to ensure that they are not plugged, frozen, or
corroded.

13.4.1 If not required by local jurisdiction, inspection and
maintenance shall be in accordance with API 510, Pressure
Vessel Inspection Code: Maintenance Inspection, Rating, Repair,
and Alteration.

13.4.2 Enclosures shall be inspected at least every 3 years.

13.4.3 Repairs and modifications to the enclosure shall be
made consistent with the original design code.
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13.5 Threaded Fasteners. Threaded fasteners on enclosure
appurtenances shall be inspected to ensure that design pres-
sure ratings are maintained.

13.6 Inspection After a Deflagration. Any enclosure designed
to contain a deflagration that experiences a deflagration shall
be inspected to verify that the vessel is still serviceable for its
intended use.

Chapter 14 Passive Explosion Suppression Using
Expanded Metal Mesh or Polymer Foams

14.1* Applications.

14.1.1 The use of expanded metal mesh or reticulated poly-
mer foams manufactured, tested, and installed in accordance
with the requirements of this chapter shall be permitted for
explosion suppression in unoccupied enclosures containing
flammable gas or vapor.

14.1.2 These enclosures shall include, but not be limited to,
fuel tanks, flammable liquid storage tanks, portable contain-
ers, and flammable liquid cargo tanks.

14.2 Foam and Mesh Requirements.

14.2.1 Expanded metal mesh shall meet the requirements in
14.2.4.

14.2.2 Polymer foams shall meet the requirements in 14.2.5.

14.2.3 Both types of suppression materials described in this
chapter shall satisfy the explosion suppression test require-
ments in Section 14.3.

14.2.4 Expanded Metal Mesh Requirements.

14.2.4.1* Expanded aluminum or other metal mesh shall have a
density of 24 to 51 kg/m3 (1.5 to 3.2 lb/ft3) as determined by the
average of three samples from the same manufacturing run as
the samples used for the other tests in Sections 14.2 and 14.3.

14.2.4.2 The expanded metal mesh shall have sufficient sur-
face area to absorb the heat generated in an incipient defla-
gration of a flammable gas–air mixture as demonstrated by the
tests described in Section 14.3.

14.2.4.2.1 The expanded metal mesh surface area per unit
volume shall be measured or calculated for three samples.

14.2.4.2.2 The measurements and associated calculations
shall be documented and made available to the authority hav-
ing jurisdiction.

14.2.4.2.3* Expanded metal mesh intended for the protection
of alkane–air mixtures and other flammable vapors with fun-
damental burning velocities within 15 percent of the funda-
mental burning velocity of a near-stoichiometric propane–air
mixture shall have a surface area-to-volume ratio of at least
0.25 mm-1 (0.1 in.-1).

14.2.4.2.4 Expanded metal mesh intended for the protection
of flammable gases or vapors with faster burning velocities
shall have a minimum area-to-volume ratio determined from
explosion suppression tests described in Section 14.3 with that
particular flammable gas or vapor.

14.2.4.3* Pore Size.

14.2.4.3.1 Expanded metal mesh shall have a pore (cell) size
that is smaller than the quenching distance for the flammable
gas or vapor expected in the protected enclosure.

14.2.4.3.2 In the case of alkanes or flammable gases and va-
pors with fundamental burning velocities within 15 percent of
the near-stoichiometric propane–air burning velocity, the
maximum pore size shall be 2 mm (0.079 in.).

14.2.4.4* The metal alloy composition and the composition
and thickness of any coating shall be reported in accordance
with the most applicable ASTM, military, or industry standard.

14.2.5* Polymer Foam Requirements. Polyurethane or other
polymer foam shall have a density of 19 to 32 kg/m3 (1.2 to
2.0 lb/ft3) as determined by the density test described inASTM D
3574, Standard Test Methods for Flexible Cellular Materials Slab,
Bonded, and Molded Urethane Foams.

14.2.5.1* The polymer foam number of pores per inch, as
determined from the air flow test shown in Figure 1 in MIL-
DTL-83054C and in MIL-PRF-87260A, and the corresponding
air flow versus pore size correlation in Figure 2 and paragraph
4.6.4 of MIL-DTL-83054C or Figure 2 of MIL-PRF-87260A for
conductive polymer foam, shall be a minimum of 6 pores/cm
(15 pores/in.) for foams with a density of 19 to 24 kg/m3 (1.2
to 1.5 lb/ft3), and at least 4 pores/cm (10 pores/in.) for foams
with a density of 26 to 32 kg/m3 (1.6 to 2.0 lb/ft3).

14.2.5.2 For applications with liquids or gases with funda-
mental burning velocities greater than 0.5 m/sec (1.6 ft/sec)
the minimum number of pores per inch shall be determined
by test as described in 14.3.2.

14.2.5.3 The polymer foam shall have a maximum of 30 per-
cent deflection when tested in accordance with the constant
deflection compression test described in paragraph 4.6.7 of
MIL-DTL-83054C and method B of ASTM D 3574.

14.2.5.4 Tensile Strength Specifications.

14.2.5.4.1 The polymer foam shall have a minimum tensile
strength of 103 kPa (15 psi) when tested in accordance with
ASTM D 3574 and paragraph 4.6.5 of MIL-DTL-83054C.

14.2.5.4.2 In addition, the foam shall not experience a loss of
tensile strength greater than 50 percent when tested at the
maximum expected application temperature.

14.2.5.5 Electrical Resistivity.

14.2.5.5.1 The polymer electrical resistivity shall be mea-
sured at 24°C (75°F) or other temperature representative of
the protected process using the procedure described in ASTM
D 257, Standard Test Methods for DC Resistance or Conductance of
Insulating Materials, and in Section 4.56.23 of MIL-PRF-87260A
(USAF), Foam Material, Explosion Suppression, Inherently Electri-
cally Conductive, for Aircraft Fuel Tank and Dry Bay Areas.

14.2.5.5.2* The polymer resistivity shall be less than 1 ×
1011 ohm-cm at 24°C (75°F) or other temperature represen-
tative of the protected process and at 55 percent ±5 percent
relative humidity.

14.2.5.6 The polymer ignitibility and fire heat release rate
shall be measured using an oxygen consumption calorimeter
per NFPA 271, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter, at an imposed radiant heat flux of 75 kW/m2.

14.2.5.6.1 The polymer time-to-piloted-ignition at this heat
flux shall be longer than 5 seconds.

14.2.5.6.2 The heat release rate per unit area shall be docu-
mented and made available to the authority having jurisdic-
tion upon request.
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14.2.5.7 The polymer foam shall demonstrate the resistance
as shown in 14.2.5.7.1 and 14.2.5.7.2 to deterioration after be-
ing submerged in the container liquid for a period of 4 weeks.

14.2.5.7.1 After drying the foam, the tensile strength test ref-
erenced in 14.2.5.4.1 shall be repeated with no more than a
40 percent reduction in measured strength.

14.2.5.7.2 The electrical resistivity test shall also be repeated,
and the measured resistivity shall be less than 1× 1011 ohm-cm
at 24°C (75°F) or other temperature representative of the pro-
tected process and at 55 percent ±5 percent relative humidity.

14.2.6 The foam shall be sufficiently flexible to be inserted
into and fill up the protected enclosure, using blocks of foam
no smaller than 1 ft (0.3 m) in length or the smallest dimen-
sion of the enclosure, whichever is smallest.

14.2.7 The minimum foam block width and height shall be
determined from the double void explosion suppression tests
described in 14.3.6 and 14.3.7 and the installation require-
ments in Section 14.4.

14.2.8 Foam packages and shipping documents shall contain
the foam make and type, the foam density, the area-to-volume
ratio, and the pore size.

14.3 Expanded Metal Mesh and Polymer Foam Explosion
Suppression Testing.

14.3.1 Expanded metal mesh and polymer foams shall be
subjected to explosion suppression performance testing as de-
scribed in 14.3.2 through 14.3.5.2.

14.3.2 Test results shall be as specified in 14.3.6 and 14.3.7.

14.3.3* Explosion suppression tests shall be conducted with
dry mesh or foam firmly inserted in closed test vessels of at
least 140 L (5 ft3) volume, and with a cross-sectional area of at
least 64,500 mm2 (100 in.2).

14.3.3.1 The first test shall be conducted with the vessel
80 percent filled with mesh or foam of documented area-to-
volume ratio or pore size and percent liquid displacement,
and the remaining 20 percent of the volume empty except for
the gas–air mixture described in 14.3.4.

14.3.3.2 The second test shall be conducted with the vessel
90 percent filled with mesh or foam, with a 10 percent void
volume.

14.3.4 The tests shall be conducted with a flammable gas–air
mixture with a fundamental burning velocity representative of
the burning velocities of flammable vapors expected in the
intended applications.

14.3.4.1 Propane at a concentration in the range 4.4 to
4.8 volume percent shall be used for applications in which the
flammable gas has a fundamental burning velocity in the
range 350 to 500 mm/sec (1.15 to 1.64 ft/sec).

14.3.4.2 Suppression tests for applications involving other
flammable gases or vapors shall be conducted with a represen-
tative gas–air mixture at a concentration in the range 1.1 to
1.2 times the stoichiometric concentration.

14.3.4.3 After the gas mixture has been established uniformly
throughout the test vessel, the gas concentration shall be veri-
fied by a calibrated gas analyzer or by sampling and subse-
quent chemical analysis.

14.3.4.4 The pressure in the test vessel prior to ignition shall
be representative of the normal operating pressure of the in-
tended application.

14.3.5 The flammable gas–air mixture shall be ignited with
an ignition source of at least 10 joule energy triggered in the
void volume, and the resulting reduced explosion pressure,
Pred, shall be measured and reported.

14.3.5.1 After conducting the second test (with the 10 percent
void volume), all the mesh or foam shall be removed and the
explosion test repeated with the same gas mixture in the gas-
filled closed vessel, or in another test vessel of similar volume.

14.3.5.2 The value of Pmax measured without the mesh or
foam shall be measured and reported.

14.3.6 Single Void Explosion Suppression Tests.

14.3.6.1 A particular composition and porosity of expanded
metal mesh or polymer foam shall be permitted for explosion
suppression applications if the value of Pred measured in the
10 percent void volume test at initially atmospheric pressure is no
greater than 34 kPa (5 psi), and if the pressure measured in the
test with the 20 percent void volume is no greater than 83 kPa
(12 psi).

14.3.6.2 If the tests and intended application has a pre-
ignition pressure, P0, of some other value, the maximum al-
lowable values of Pred shall be determined from the values of
(Pred – P0)/(Pmax – P0) per Table 14.3.6.2.

14.3.7* Double Void Explosion Suppression Tests.

14.3.7.1 Double void explosion suppression tests shall be
conducted with the same vessel, gas mixture, and ignition
source as described in 14.3.3 through 14.3.6, but now with two
voids separated by varying thicknesses of dry expanded metal
mesh or polymer foam.

14.3.7.2 Starting with 5 cm (2 in.), the thickness of mesh or
foam shall be increased in 2.5 cm (1 in.) increments until the
tests demonstrate that the flame does not propagate across the
mesh or foam from the ignition void to the second void, as
determined from measured temperature increase or visual
records, as well as pressure rise.

14.3.8 The minimum thickness of mesh or foam required to
achieve suppression in the double void tests shall be no
greater than 127 mm (5 in.).

14.4 Expanded Metal Mesh or Polymer Foam Installations.

14.4.1* Explosion suppression mesh or foams shall be in-
stalled only in enclosures with ultimate strengths or yield
strengths, as determined by the owner or operator, equal to at
least 1.5 times the value of Pred determined from the 20 per-
cent single void volume explosion suppression tests described
in 14.3.3 through 14.3.6.

Table 14.3.6.2 Allowable Results of Single Void Explosion
Suppression Tests

Maximum Value of
Void Volume Fraction (Pred – P0)/(Pmax − P0)

0.10 0.043
0.20 0.10
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14.4.2* The mesh or foam shall fill at least 90 percent of the
entire enclosure volume as verified by visual inspection during
and following the installation.

14.4.2.1 The minimum thickness of any one block of mesh or
foam used in the installation shall be the value determined in
the double void volume tests described in 14.3.7.

14.4.2.2 Documentation of the installed fill fraction and mini-
mum thicknesses of mesh or foam, as well as the explosion sup-
pression test results, shall be made available to the authority hav-
ing jurisdiction upon request.

14.5 Expanded Metal Mesh or Polymer Foam Maintenance
and Replacement.

14.5.1 Inspection.

14.5.1.1 Mesh or foam installations shall be initially inspected
for any evidence of deterioration at intervals of no greater than 6
months. Further guidance on inspection shall be in accordance
with Chapter 15.

14.5.1.2 When there is visual evidence of deterioration, the
mesh or foam shall be replaced, in accordance with the instal-
lation requirements in Section 14.4.

14.5.1.3 Mesh or foam installations shall be inspected follow-
ing any explosion or fire exposure.

14.5.2 Disposal of used, liquid-contaminated mesh or foam
shall be in accordance with local environmental regulations.

Chapter 15 Installation, Inspection, and Maintenance
of Explosion Prevention Systems

15.1 General.

15.1.1 This chapter covers the installation, inspection, and
maintenance procedures necessary for proper function and
operation of explosion prevention and control systems.

15.1.2 Sections 15.7 through 15.11 shall be applied retro-
actively.

15.1.3 Design considerations shall follow the requirements
listed in the applicable chapter of NFPA 69.

15.2 Installation.

15.2.1 Design and Submittal Documentation.

15.2.1.1 A design record file including data sheets, installa-
tion details, and design calculations shall be assembled follow-
ing the requirements of this document’s technique chapters
and maintained for each application, suitable for use in vali-
dating the system design including, as applicable, the follow-
ing criteria:

(1) Manufacturer’s data sheets and instruction manuals
(2) Design calculations including final reduced (Pred) pres-

sures
(3) General specifications
(4) Explosion prevention system equipment list
(5) Sequence of operation for each system
(6) End user inspection and maintenance forms
(7) User documentation of conformity with applicable stan-

dards and the appropriate chapter of this standard
(8) Combustible material properties and source of data
(9) Process hazard review

(10) Process plan view including protected process, placement
location of all explosion prevention devices, and personnel
work locations

(11) Process elevation view
(12) Electrical wiring diagram, including process interlock

connection details
(13) Mechanical installation drawings and details
(14) Electrical installation drawings and details
(15) Process interlocks identifying each equipment interlock

and function (P&ID)
(16) Employee training requirements

15.2.1.2 All design and installation parameters shall be field
verified prior to installation of explosion prevention systems.

15.2.2 As-built drawings, system user instruction manuals,
and service maintenance requirements shall be presented to
the owner or operator at project completion.

15.3 Mechanical Installation.

15.3.1 Mounting locations shall follow the manufacturer’s re-
quirements, since explosion prevention systems are location-
sensitive.

15.3.1.1 Location changes shall be made only with the ap-
proval of the explosion prevention system manufacturer.

15.3.1.2 Mounting locations shall be chosen so as not to exceed
maximum operating temperatures of system components.

15.3.1.3 Mounting locations shall include safe access for instal-
lation, service, inspection, and maintenance, up to and including
work platforms as required by local workplace safety regulations.

15.3.2 Detectors shall be mounted according to manufac-
turer instructions to protect them from shock, vibration, accu-
mulation of foreign material, and clogging or obscuration of
the sensing area.

15.3.3 Discharge nozzles shall be located and oriented so that
they will not be obstructed by structural elements in the dis-
charge pattern or by solid particle accumulation.

15.3.4 Mechanical installation and system components shall
be made from material that will be protected from corrosion
and other contaminants.

15.3.5 Detectors shall be mounted such that a means for in-
specting and removing obstructions to the sensing pathway is
provided.

15.3.6 Detector mounting shall incorporate means to mini-
mize unwanted system actuation due to vibration or shock,
where applicable.

15.4 Agent, Agent Storage Containers, Automatic Fast-Acting
Valves, Flame Arresters, and Flame Front Diverters.

15.4.1* The adapting mounting hardware and the mounting
surfaces for all protection system components shall be able to
withstand the static and dynamic load, including the thrust or
impulse pressure requirements of the original equipment manu-
facturer and temperature requirements of the application.

15.4.2 Agent storage containers installed externally to the pro-
tected process shall be mounted such that a means for inspecting
the agent discharge pathway for obstructions is provided.

15.4.3 Agent storage containers shall be mounted so that the
process or environmental temperature attained at the loca-
tion of electrically fired actuators shall not exceed the maxi-
mum temperature for which they are rated.
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15.5 Electrical Installation.

15.5.1 All electrical equipment and installations shall comply
with the requirements of NFPA 70, National Electrical Code.

15.5.2 Terminals and connections shall be protected from
moisture and other contaminants.

15.5.3 Hazardous (classified) areas that are identified in ac-
cordance with 15.5.1 shall be documented, and such docu-
mentation shall be permanently maintained on file for the life
of the facility.

15.5.4 Wiring for input and output control circuits shall be
isolated and shielded and protected from other wiring to pre-
vent possible induced currents.

15.5.5 Instrumentation included as part of an explosion pre-
vention or protection system shall meet the requirements of
15.5.5.1 through 15.5.5.4.

15.5.5.1* Control systems shall be installed, maintained, and
isolated from the basic process control system.

15.5.5.1.1 Minimum functional testing requirements shall be
in accordance with this chapter.

15.5.5.1.2 When supported by a documented hazard analysis,
the functional testing requirements shall be permitted to be
reduced for routine inspections.

15.5.5.2* Class A or Class B circuits as described in NFPA 72,
National Fire Alarm Code, shall be employed when the following
components are connected to the control panel:

(1) Concentration measurement devices, explosion detec-
tion devices, and other initiating devices

(2) Concentration controlling valves
(3) Releasing devices, solenoids, or actuators
(4) Supervisory devices that monitor critical elements or

functions such as low pressure switches
(5) Notification appliances
(6) Signaling line circuits

15.5.5.3 A signaling line circuit used as part of an explosion
protection or suppression system shall not be shared by other
operating systems.

15.5.5.4 A signaling line circuit shall not be used by more
than one explosion prevention system unless certified by the
original manufacturer.

15.5.6 Wiring.

15.5.6.1 Wiring for explosion prevention systems shall be iso-
lated from other facility wiring.

15.5.6.2 Wiring for multiple explosion prevention systems
shall be isolated from each other, unless shielded or shielded
and operating as an intrinsically safe circuit.

15.5.7 Sealed fittings shall be installed at all sensor and
suppressor/valve actuator connection boxes to provide pro-
tection from moisture and contaminants.

15.5.8 Connections and boxes shall meet the National Elec-
trical Manufacturer’s Association (NEMA) rating appropriate
to the operating environment.

15.5.9 A reliable source of electrical energy shall be used that
meets the requirements of the manufacturer.

15.6 System Acceptance.

15.6.1 Prior to use, factory authorized personnel shall check
out the explosion prevention system, including the following
steps, as applicable:

(1) Conduct a walkthrough and general visual inspection
of location, size, type, and mounting of all system com-
ponents.

(2) Physically inspect system components, including me-
chanical and electrical component integrity.

(3) Conduct control unit functional testing.
(4) Make point-to-point wiring checks of all circuits.
(5) Verify the continuity and condition of all field wiring.
(6) Inspect sensing pathway and calibrate initiating devices.
(7) Verify that installation of system components, including

sensing devices, fast-acting valves, suppressant storage con-
tainers, nozzles, spreader hoses, protective blowoff caps,
plugs, and stoppers, is in accordance with the manufactur-
er’s specifications.

(8) Verify system sequence of operations by simulated activa-
tion to verify system inputs and outputs.

(9) Conduct automatic fast-acting valve stroke test.
(10) Conduct prevalidation testing, verify system interlocks,

and shutdown circuits.
(11) Identify and fix discrepancies before arming and hand-

ing off to user or operator.
(12) Recalibrate detection sensing devices to final set points.
(13) Complete record of system acceptance, including hard-

ware serial numbers, detector pressure calibrations, and
suppressor and valve actuator charging pressures, as ap-
propriate.

(14) Conduct end user training as required in Section 15.10.
(15) Conduct final validation testing for authority having ju-

risdiction.
(16) Arm the explosion prevention system.

15.7 Inspection.

15.7.1 Systems shall be inspected and tested at 3-month
intervals.

15.7.1.1 Systems designed by the owner or operator shall be
inspected by personnel authorized by the owner or operator.

15.7.1.2 Systems designed by the manufacturer shall be in-
spected by personnel trained and authorized by the system
manufacturer.

15.7.1.3* The frequency of inspection described in 15.7.1
shall be permitted to be increased or decreased based on
documented operating experience or a documented hazard
analysis, and only with approval of both the explosion preven-
tion system designer and the AHJ.

15.7.1.4 Maximum inspection and test interval shall not ex-
ceed 2 years.

15.7.2 Disarming and OSHA lockout/tagout procedures
(29 CFR 1910.147) and confined space entry procedures (29
CFR 1910.146), or local country equivalent, shall be followed
prior to entering or performing maintenance operations on
the protected equipment or performing maintenance on the
explosion prevention system.

15.7.2.1* Inspection and maintenance procedures shall com-
ply with the manufacturer’s instructions.

15.7.2.2 Operation of the protected equipment shall be inter-
locked through the explosion prevention systems control panel
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so that operation cannot be resumed until OSHAlockout/tagout
procedures are reversed and the explosion prevention system is
rearmed.

15.7.3* An inspection of explosion prevention systems shall be
conducted in accordance with the system designer’s require-
ments and project specifications and shall include the follow-
ing conditions, where applicable:

(1) The process and processed material have not changed
since the last inspection.

(2) The explosion prevention system has been installed in
accordance with this standard and the manufacturer’s
instructions.

(3) System components, including mounting arrangements,
are not corroded or mechanically damaged.

(4) User operation instructions are provided near the con-
trol unit.

(5) System components are clearly identified as an explo-
sion prevention device.

(6) System components have no damage from the process,
acts of nature, or debris.

(7) System components have not been painted or coated
without prior approval from the original equipment
manufacturer.

(8) System components are not blocked by process material.
(9) System components have not been tampered with.

(10) The system has not discharged or released.
(11) System seals, tamper indicators, or discharge indicators,

if provided, are in place and functioning.
(12) The control unit functions according to design require-

ments, circuits are supervising the system, and status is
“normal condition” when armed.

(13) The system wiring is free from ground conditions and
faults.

(14) System suppressors and valve actuators are pressurized
and operational.

(15) System interlocks are verified for sequence and function-
ing in accordance with the relevant specifications.

(16) Mechanical isolation (such as rotary valves), if used, is
maintained within the requirements of this standard and
design tolerances.

(17) Plant fire notification is verified.
(18) System sequence of operation is verified by simulated

activation.
(19) System component serial numbers are verified as the

same as those recorded during the last inspection.

15.7.4 A container having a pressure (corrected for tempera-
ture) that is less than the minimum value specified by the
manufacturer shall be reconditioned or replaced.

15.7.5 Suppressant agent pressurized cylinders shall be veri-
fied to be compliant with DOT and/or ASME requirements.

15.7.6 The owner or operator shall verify by signature on the
inspection form that the production process material has not
changed from that identified in the design record file.

15.7.7 The explosion prevention system design record file
shall be maintained and made available for management of
change review, employee training information, and inspection
purposes.

15.7.8 Deficiencies found during inspections shall be re-
ported to the owner or operator along with recommended
remedial actions.

15.8 Procedures Following System Actuation.

15.8.1* In the event of explosion prevention system actuation,
inspection and testing, as specified in Section 15.7, shall be
performed before the system is placed back into service.

15.8.2* An investigation and review of the cause of the explo-
sion prevention system actuation shall be made.

15.9 Recordkeeping.

15.9.1 A record shall be maintained that indicates the date
and the results of each inspection and the date and descrip-
tion of each maintenance activity.

15.9.2 System inspection reports shall be kept or accessible at
the site for at least 3 years. The report shall include test and
calibration data on all system components.

15.9.3 The records of inspections shall be retained by the
owner or operator for the life of the protected process.

15.9.4 A copy of the records of inspection shall be made
available to the explosion prevention system manufacturer,
if requested.

15.10 Personnel Safety and Training

15.10.1 Operating and maintenance procedures and emer-
gency plans shall be developed. The plans and procedures
shall be revalidated annually and as required by management
of change procedures.

15.10.2 Initial and, at a minimum, annual refresher training
shall be provided to personnel who operate, maintain, super-
vise, or are exposed to equipment and processes protected by
explosion prevention systems. Training shall include the fol-
lowing issues:

(1) Hazards of the workplace
(2) General orientation, including plant safety rules
(3) Process description
(4) Equipment operation, safe startup, shutdown, and re-

sponse to upset conditions
(5) The necessity for fire and explosion protection systems
(6) Maintenance requirements and practices
(7) Explosion prevention system arming and disarming pro-

cedures
(8) Process lockout/tagout procedures
(9) Housekeeping requirements

(10) Emergency response and egress plans
(11) Management of change procedures
(12) System impairment reporting procedures

15.10.3 Disarming and lockout/tagout procedures shall be
followed prior to entering equipment protected by explosion
prevention systems.

15.10.3.1 The explosion prevention system shall be disarmed
and the process shall be shut down prior to performing main-
tenance operations on the protected equipment or the explo-
sion prevention system.

15.10.3.2 Operation of the protected equipment shall be in-
terlocked through the explosion prevention system controls
so that operation cannot be resumed until the prevention sys-
tem is armed.

15.11 Management of Change.

15.11.1 Management shall implement and maintain written
procedures to evaluate proposed changes to facility and pro-
cesses, both physical and human, for the impact on safety, explo-
sion prevention, and control.
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15.11.2 Management of change procedures shall be followed
for any change to process, materials, technology, equipment,
process flow, exposure, or procedures affecting equipment
protected by requirements in this document.

15.11.3* Management of change documentation shall be
available for review by the relevant authority having jurisdic-
tion and the manufacturer or designer of explosion preven-
tion equipment.

15.11.4 The management of change procedures shall en-
sure that the following issues have been addressed prior to
any change:

(1) The technical basis for the proposed change
(2) Process material changes
(3) Safety and health implications
(4) Fire and explosion prevention systems review
(5) Whether the change is permanent or temporary
(6) Personnel exposure changes
(7) Modifications to operating maintenance procedures
(8) Employee training requirements
(9) Authorization requirements for the proposed change

15.11.5 Explosion prevention system documentation as re-
quired by Chapter 15 shall be updated to incorporate the
change.

15.11.6 Implementation of the management of change pro-
cedures shall not be required for replacements-in-kind or re-
furbishment of explosion prevention systems.

15.11.7 An annual statement declaring no change shall be
created and maintained for the life of the process.

15.12 Maintenance.

15.12.1 Maintenance shall be performed after any condition
that could impair the protection system, in accordance with
the manufacturer’s requirements.

15.12.2 A visual inspection shall be performed in accordance
with Section 15.7 after every process maintenance turnaround.

15.12.3 If process material has a tendency to adhere to the
system components, the affected components shall be cleaned
periodically to maintain system efficiency.

15.12.4 Process interlocks shall be verified.

15.12.5 Inspection for potential ignition sources shall be con-
ducted and, where practical, eliminated or maintained within
permissible limits.

15.12.6 Records shall be kept for a minimum of 10 years of
any maintenance and repairs performed.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.

A.1.2.3 Some jurisdictions, industries, and companies require
system reliability to meet a target measure of failure on demand
for hardware. These targets can be stated as a level of safety integ-
rity. Establishing safety integrity levels is covered by ISAand other
organizations. The requirements of this standard and the review
and approval processes stated are intended to establish an ac-
ceptable level of reliability. Nothing in this standard is intended
to prevent the use of safety integrity levels used by other organi-
zations. (See also A.15.5.5.1.)

A.1.3.1.3 Where ignition is deemed a significant risk in either
interconnected enclosure, each such enclosure should also be
protected using a method for explosion prevention. For such a
case, deflagration isolation is usually needed between the inter-
connected vessels in addition to a method for explosion preven-
tion on each interconnected vessel. The use of explosion venting
alone for the interconnected enclosures, without deflagration
isolation, is limited due to the potential for increased explosion
severity, as explained in NFPA 68, Standard on Explosion Protection
by Deflagration Venting. The use of containment or foam alone for
the interconnected enclosures, without deflagration isolation, is
limited also by the potential for transition to a detonation, as
explained in the relevant chapters.

A.1.3.2(2) For information on deflagration venting, see
NFPA 68, Standard on Explosion Protection by Deflagration Venting.

A.1.3.2(8) For information on cutting and welding practices,
see NFPA 51B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Work. For information on preparation of
tanks, piping, or other enclosures for hot work, see NFPA 326,
Standard for the Safeguarding of Tanks and Containers for Entry,
Cleaning, or Repair.

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.4 Combustible Dust. For purposes of this standard, a
combustible particulate solid exhibiting only a fire hazard un-
der normal, abnormal, and upset process conditions is ex-
cluded. Materials that cannot burn at ambient conditions can
become combustible or explosible at elevated temperature, at
elevated pressure, or when fuel vapors are present.
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Both NFPA 69 and NFPA 68, Standard on Explosion Protection
by Deflagration Venting, use the term combustible dust in its explo-
sion hazard context. In other words, the term combustible dust
in both NFPA 69 and NFPA 68 is synonymous with the term
explosible dust used in the test standards.

Dusts traditionally have been defined as a material 420 µm
or smaller (capable of passing through a U.S. No. 40 standard
sieve). For consistency with other standards, 500 µm (capable
of passing through a U.S. No. 35 standard sieve) is now consid-
ered an appropriate size criterion. The ratio of particle surface
area to volume is a key factor in determining the rate of com-
bustion. Combustible particulate solids with a minimum di-
mension more than 500 µm generally have a surface-to-
volume ratio that is too small to pose a deflagration hazard.
Flat platelet-shaped particles, flakes, or fibers with lengths that
are large compared with their diameter usually do not pass
through a 500 µm sieve yet could still pose a deflagration haz-
ard. Many particulates accumulate electrostatic charge in han-
dling, causing them to attract each other and form agglomer-
ates. Often agglomerates behave as if they were larger
particles, yet when they are dispersed they present a signifi-
cant hazard. Consequently, it can be inferred that any particle
that has a minimum dimension of 500 microns or less could
behave as a combustible dust if suspended in air or the process
specific oxidizer.

If the minimum dimension of the particulate is greater
than 500 µm, it is unlikely that the material would be a com-
bustible dust, as determined by test. The determination of
whether a sample of combustible material presents a flash fire
or explosion hazard could be based on a screening test meth-
odology such as provided in ASTM E 1226, Standard Test
Method for Explosibility of Dust Clouds. Alternatively, a standard-
ized test method such as ASTM E 1515, Standard Test Method for
Minimum Explosible Concentration of Combustible Dusts, could be
used to determine dust explosibility.

There is some possibility that a sample will result in a false
positive in the 20 L sphere when tested by the ASTM E1226
screening test or the ASTM E1515 test, due to the high-energy
ignition source over-driving the test. When the lowest ignition
energy allowed by either method still results in a positive re-
sult, the owner/operator can elect to determine whether the
sample is a combustible dust with screening tests performed
on a larger-scale (=1 m3) enclosure, which is less susceptible to
overdriving and will provide more realistic results.

The possibility for false positives has been known for quite
some time and is attributed to “overdriven” conditions that
exist in the 20 L chamber due to the use of strong pyrotechnic
igniters. For that reason, the reference method for explosibil-
ity testing is based on a 1 m3 chamber, and the 20 L chamber
test method is calibrated to produce results comparable to
those from a 1 m3 chamber for most dusts. In fact, the US
standard for 20 L testing (ASTM E 1226) states, “The objective
of this test method is to develop data that can be correlated to
those from the 1 m3 chamber (described in ISO 6184/1 and
VDI 3673).” ASTM E 1226 further states, “Because a number
of factors (concentration, uniformity of dispersion, turbu-
lence of ignition, sample age, etc.) can affect the test results,
the test vessel to be used for routine work must be standard-
ized using dust samples whose KSt and Pmax parameters are
known in the 1 m3 chamber.”

NFPA 68 also recognizes this problem and addresses it,
stating:

“The 20 L test apparatus is designed to simulate results of the
1 m3 chamber; however, the igniter discharge makes it problem-

atic to determine KSt values less than 50 bar-m/sec. Where the
material is expected to yield KSt values less than 50 bar-m/sec,
testing in a 1 m3 chamber might yield lower values.”

The term combustible dust is not exclusive to dusts, but also
includes fibers, fines, chips, chunks, flakes, and mixtures
thereof. A definition of this breadth is necessary because it is
crucial to address the fact that there is attrition of the material
as it is conveyed. Pieces and particles rub against each other
and collide with the walls of the duct as they travel through the
system. The rubbing and collision break down the material
and produce a mixture of pieces and much finer particles
called dusts. Consequently, it is expected that every conveying
system produces dusts, regardless of the starting size of the
material, as an inherent by-product of the conveying process.

Most commercial test laboratories offer a screening (“go”
or “no go”) test to establish whether a dust sample is combus-
tible . The test method commonly uses the test apparatus de-
scribed in ASTM E 1226, Standard Test Method for Explosibility of
Dust Clouds.

Any time a combustible dust is processed or handled, a
potential for deflagration exists. The degree of deflagration
hazard varies, depending on the type of combustible dust and
the processing methods used.

A dust deflagration has the following four components:

(1) Combustible dust
(2) Dust dispersion in air or other oxidant
(3) Sufficient concentration at or exceeding the minimum

explosible concentration (MEC)
(4) Sufficiently powerful ignition source such as an electro-

static discharge, an electric current arc, a glowing ember,
a hot surface, welding slag, frictional heat, or a flame

If the deflagration is confined and produces a pressure suf-
ficient to rupture the confining enclosure, the event is, by
definition, an explosion.

Evaluation of the hazard of a combustible dust should be
determined by the means of actual test data. Each situation
should be evaluated, and applicable tests should be per-
formed under conditions that will be a conservative represen-
tation of the operations under normal, abnormal, and upset
conditions. The following factors are sometimes used in deter-
mining the deflagration hazard of a dust:

(1) MEC as defined in ASTM E 1515, Standard Test Method for
Minimum Explosible Concentration of Combustible Dusts

(2) Minimum ignition energy (MIE) as defined in ASTM E
2019, Standard Test Method for Minimum Ignition Energy of a
Dust Cloud in Air

(3) Particle size distribution
(4) Moisture content as received and as tested
(5) Maximum explosion pressure at optimum concentration
(6) Maximum rate of pressure rise at optimum concentration
(7) KSt (normalized rate of pressure rise) as defined in

ASTM E 1226
(8) Layer ignition temperature as defined in ASTM E 2021,

Standard Test Method for Hot-Surface Ignition Temperature of
Dust Layers

(9) Dust cloud ignition temperature as defined in ASTM E
1491, Standard Test Method for Minimum Autoignition Tem-
perature of Dust Clouds

(10) Limiting oxidant concentration (LOC) to prevent ignition
(11) Electrical volume resistivity
(12) Charge relaxation time
(13) Chargeability
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It is important to keep in mind that as particulate is pro-
cessed, handled, or transported the particle size generally de-
creases due to particle attrition. Consequently, it is often nec-
essary to evaluate the explosibility of the particulate at
multiple points along the process. Where process conditions
dictate the use of oxidizing media other than air (nominally
taken as 21 percent oxygen and 79 percent nitrogen), certain
of the tests should be conducted in the appropriate process-
specific medium.

A.3.3.5 Combustible Particulate Solid. Combustible particu-
late solids include dusts, fibers, fines, chips, chunks, flakes, and
mixtures of these. A definition of this breadth is necessary be-
cause it is crucial to address the fact that there is attrition of the
material as it is conveyed. Pieces and particles rub against each
other and collide with the walls of the duct as they travel through
the system. The rubbing and collision break down the material
and produce a mixture of pieces and much finer particles, called
dusts. Consequently, it is expected that every conveying system
produces dusts, regardless of the starting size of the material, as
an inherent by-product of the conveying process.

A.3.3.16 Flame Arrester. The emerging gases are sufficiently
cooled to prevent ignition on the protected side.

A.3.3.19 Flammable Limits. Flammable limits for gases and
vapors are typically defined as volume percentages, whereas
flammable limits for dusts are defined as mass concentrations
(mass per unit volume). When expressed in mass concentra-
tion units, the lower flammability limit is referred to as the
minimum explosible concentration (MEC).

See NFPA 325, Guide to Fire Hazard Properties of Flammable Liq-
uids, Gases, and Volatile Solids. (Note:Although NFPA325 has been
officially withdrawn from the National Fire Codes®, the informa-
tion is still available in NFPA’s Fire Protection Guide to Hazardous
Materials.)

A.3.3.22 Hybrid Mixture. In certain processes, flammable
gases can desorb from solid materials. If the solid is combus-
tible and is dispersed in the gas–oxidant mixture, as can be the
case in a fluidized bed dryer, a hybrid mixture can also result.

A.3.3.24 Isolation. Stream properties include deflagration,
mass flow, and ignition capability.

A.3.3.25 Limiting Oxidant Concentration (LOC). Materials
other than oxygen can act as oxidants. The LOC depends
upon the temperature, pressure, and fuel concentration as
well as the type of diluent. Preliminary results of the ASTM
E 2079, Standard Test Methods for Limiting Oxygen (Oxidant)
Concentration in Gases and Vapors, round robin tests for gases
and vapors revealed that the LOC data that were obtained
using different test methods and that are listed in a majority
of reference publications are nonconservative. The old Bu-
reau of Mines data were obtained mostly in a 50 mm diam-
eter flammability tube. This diameter might be too small to
mitigate the flame-quenching influence, thereby impeding
accurate determination of the LOC of most fuels. The 4 L
minimum volume specified in ASTM E 2079 would corre-
spond to a diameter of at least 200 mm (7.9 in.). As a result,
some LOC values determined using this standard are ap-
proximately 1 percent by volume oxygen lower than the
previous values measured in the flammability tube, and a
few are even up to 1.5 percent by volume lower. The lower
LOC values obtained in larger chambers are more appro-
priate for use in fire and explosion hazard assessment stud-
ies. A data comparison can be found in Table A.3.3.25.

Generally, LOC decreases as the pressure or temperature
prior to ignition increases. Best practice is to test the LOC at
the appropriate temperature and pressure. Deviations from
the test fuel composition and temperature might possibly be
accounted for by using appropriate techniques. For dusts, an
appropriate test apparatus should be used in conjunction with
a strong ignition source, such as described in the draft of stan-
dard ASTM WK 1680 Test Method for Limiting Oxygen (Oxidant)
Concentration of Combustible Dust Clouds, being developed by the
ASTM E 27.05 Explosibility and Ignitability of Dust Clouds
Committee, or in CEN EN 14034-4, Determination of Explosion
Characteristics of Dust Clouds, Part 4.

A.3.3.34 Reduced Pressure (Pred). Pred is the maximum re-
duced pressure that a deflagration will produce when a protec-
tion system such as venting, suppression, or heat removal func-
tions. Pred can be calculated or measured during testing. The
calculated value will normally be higher than what is actually
achieved.

A.3.3.35 Self-Decomposing Mixtures. Chemicals such as acety-
lene or ethylene oxide are self-decomposing mixtures.

A.6.1 It should be recognized that there are other methods
for preventing combustion. These include changing the pro-
cess to eliminate combustible material either used or gener-
ated in the process. (Deflagration venting is not addressed in
this standard; see NFPA 68, Standard on Explosion Protection by
Deflagration Venting.)

A.6.6 Inspection, maintenance, and operator training are nec-
essary requirements of any explosion prevention system. Reliabil-
ity of the system and its instrumentation is only as good as the
inspection and periodic preventive maintenance they receive.
Operator response and action to correct adverse conditions, as
indicated by instrumentation or other means, are only as good as
the frequency and thoroughness of training provided.

Table A.3.3.25 Effect of Test Enclosure on LOC Values
When Using Nitrogen as Diluent

LOC Values

Gas or Vapor

Flammability Tube
5 cm Diameter*
(% by Volume)

120 L Sphere
60 cm Diameter†
(% by Volume)

Hydrogen (H2) 5.0 4.6
Carbon

monoxide
(CO)
(at high
humidity) 5.5 4.8

Methane (CH4) 12.0 11.2
Ethylene (C2H4) 10.0 8.5
Propane (C3H8) 11.5 10.6

*Data from J. M. Kuchta, U.S. Bureau of Mines, Bulletin 680, 1985.
†Data from Isaac Zlochower, PRL (NIOSH – Pittsburgh Research
Laboratory) 2005, unpublished and not peer-reviewed.
Note: The data were obtained in accordance with ASTM test method E
2079, at 1 atm and at 20°C–23°C (68°F–73°F) on N2-Air-Fuel mixtures.
Electric spark was created by the discharge of a 54°C (130°F) capaci-
tor, initially charged to 300 V, through a 15 kV transformer. The stan-
dard criterion [i.e., minimum 6.9 kPa (1 psi) or 7 percent absolute
pressure rise] was used to detect ignition.
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A.6.6.1 Analyzers and other system instrumentation can re-
quire more frequent periodic inspection than that required
for other components of the system. Inspections should be
made according to the manufacturer’s recommendations or
as required by operating conditions and inspection history.

A.7.1.1 Operation of a system with an oxidant concentration
low enough to prevent a deflagration does not mean that in-
cipient fires are prevented. Smoldering can occur in fibrous
materials or dust layers at very low oxidant concentrations,
which can ultimately result in a fire or explosion when ex-
posed to higher oxidant concentrations. Caution should be
exercised when such systems are opened to the air. (See Annex
B for a discussion of the control of combustible gas mixtures. Also see
Annex C for LOCs.)

A.7.1.3 Combustible dusts that need passivation layers to pre-
vent ignition are one example of a fire or explosion hazard
associated with a material leaving the low oxygen environ-
ment. The processing in such an environment can prevent the
formation of the oxide layer needed for passivation.

Another example is flammable gases that are normally pro-
cessed in inerted glove boxes to prevent ignition where the pro-
cess piping passes through other processing areas that rely on
controls such as oxidant exclusion via double jacket piping.

Reviews of these potential low oxygen applications should
consider these effects.

A.7.2.1 Purge gases generated by any of the acceptable methods
described in this standard might not necessarily be compatible
for all applications. In general, the physical and chemical prop-
erties of the combustible materials involved govern the type and
required purity of the purge gas needed. Chlorinated and fluori-
nated hydrocarbons are sometimes used. Although these gases
are more costly than carbon dioxide or nitrogen, the allowable
oxygen concentration might be higher. The user is cautioned,
however, that some halogenated hydrocarbons, carbon dioxide,
and even nitrogen at elevated temperatures might react violently
with certain dusts. Also, such gases might not be effective in pro-
viding explosion protection for certain combustible metal dusts,
such as aluminum, magnesium, titanium, zirconium, thorium,
and uranium. Argon, helium, and other rare gases might have to
be used for inerting certain systems.

In general, personnel should not enter enclosures where
the atmosphere is oxygen deficient. If it is necessary to enter
such an enclosure, personnel should use self-contained
breathing apparatus, preferably the positive-pressure type.
Canister-type gas masks should not be used; they do not supply
oxygen and do not offer any protection. The toxicity of certain
purge gases should be recognized. The potential for acciden-
tal release of purge gases into normally occupied areas should
be recognized and the necessary precautions taken.

A.7.2.1(9) This requirement is based upon incidents dis-
cussed in “Loss of Inerting Due to Multiple Exhaust Vents.”
This paper discusses one potential cause.

A.7.2.2.1 The process analysis generally includes, but is not lim-
ited to, review of the general scope of work, process design crite-
ria, process description, material flow diagrams, basis for defla-
gration protection, basis for the physical and chemical properties
of the process material(s), equipment layouts, detailed mechani-
cal drawings and specifications, supporting engineering calcula-
tions, and process and instrumentation diagrams. One method
by which this requirement can be satisfied is with a process haz-
ard analysis conducted in accordance with the methods outlined

by the AIChE Center for Chemical Process Safety in Guidelines for
Hazard Evaluation Procedures.

A.7.2.3.1 The values were obtained under the conditions
specified in the tables found in Annex C. Higher energy igni-
tion sources, higher temperatures, or higher pressures could
reduce the LOC values shown. LOC values for dusts of a par-
ticular chemical composition could also differ with variations
of physical properties such as particle size, shape, and surface
characteristics. A particular dust could have combustion prop-
erties that differ from those shown in the tables in Annex C.
Tabular data for combustion characteristics are provided as
examples only.

A.7.2.4.4 Under certain conditions of reducing atmospheres
in the presence of sulfur compounds, pyrophoric iron sulfides
could form in air-starved atmospheres. When air is admitted
into such an atmosphere, the iron sulfides could ignite. A typi-
cal procedure for controlling such ignition is to thoroughly
wet the iron sulfide deposits with water and maintain a wetted
surface until all deposits are removed and disposed of safely
and properly. Another method is to maintain an inert atmo-
sphere in the tank or vessel containing pyrophoric iron sul-
fides. API 2016, Guidelines and Procedures for Entering and Clean-
ing Petroleum Storage Tanks, provides information covering the
control and removal of pyrophoric iron sulfide deposits.

Rapid oxidation tends to occur when the deposits dry out.
Thus, even though air is admitted slowly, nothing happens
until the deposits dry out, a process that could take more time
than used to admit air. A common practice in industries that
deal with such deposits is to keep them wet until they can be
removed to a safe location.

Iron sulfide deposits are often thick or are shielded from
air by layers of nonreactive materials. When the layers are sub-
sequently disturbed, the deposits could ignite. Furthermore,
although procedures are often used to neutralize or remove
such deposits before admitting air, it is often difficult to re-
move all traces of pyrophoric material.

A.7.3.2(4) The rate of application for steam inerting should
be sufficient to maintain a steam concentration of at least
1.13 kg/min · 2.83 m3 (2.5 lb/min · 100 ft3).

A.7.5.5 This requirement is intended to provide for a suffi-
cient number of isolation points to facilitate maintenance,
while holding the number of isolation valves to a manageable
number so that accidental shutoff is minimized.

A.7.5.7 Consideration should be given to providing a positive
means of preventing the backflow of purge gas into other sys-
tems where such flow would present a hazard.

A.7.7.1 The objective is to maintain operation outside of the
flammable region. This can be achieved by adding either en-
richment gas (natural gas or methane) or an inert gas such as
nitrogen. In either case, a safety factor should be maintained
between the operating condition and the closest point of the
flammable region. Instrumentation should have redundancy,
depending on the criticality of the operation.

A.7.7.2.1 As shown in Annex B, any system of fuel plus oxi-
dant plus inert gas requires a certain minimum concentration
of oxidant for combustion. For oxidant concentrations less
than the LOC, no combination of fuel plus diluent can result
in a flammable mixture.

A.7.7.2.4 Calculation of the LOC can result in an overestima-
tion of up to at least 2 volume percent oxygen relative to mea-
sured values, and this potential error should be taken into ac-
count when applying the safety margin.
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A.7.7.2.5 See A.7.7.2.7.

A.7.7.2.7 Figure A.7.7.2.7 illustrates the oxidant control limits
as a function of LOC with and without continuous monitoring.

A.7.7.2.7.2 Products with relatively high vapor pressures can,
by themselves, maintain an atmosphere above the upper flam-
mability limit of the vapor. Where flammable atmospheres are
predicted, it is common practice to use a padding gas to main-
tain the oxygen content at less than the LOC. Because such
maintenance typically involves almost complete replacement
of air, oxygen analysis of the vapor space is not generally
needed. It should be ensured that padding gas capacity main-
tains padding under adverse conditions, such as simultaneous
pump-out of several tanks connected to the same padding sup-
ply, possibly with a contraction of vapor volume caused by a
sudden summer rainstorm. Such conditions might cause air to
be drawn into a container to avoid underpressure damage.
Also, some monomer tanks need several percent of oxygen to
activate dissolved inhibitors. Such tanks might need oxygen
monitoring.

A.7.7.3.1 The use of enrichment gas (methane or natural
gas) serves the following three purposes:

(1) It elevates the total fuel concentration and can raise it to
above the upper flammable limit (UFL).

(2) It decreases the oxidant concentration in proportion to
the concentration of enrichment gas.

(3) It elevates the LOC due to the better diluent qualities of
enrichment gas relative to nitrogen in the air.

Where header systems continuously convey vapors to a
combustion device such as a flare, operation above the UFL
can greatly reduce the quantity of enrichment gas relative to
operation below the LOC.

Marine vent collecting header operation is regulated by 33
CFR 154.

Nonmarine vent collection headers operated near atmo-
spheric pressure and not containing any vapor with a UFL
greater than 75 percent in air, or oxygen in concentrations
greater than can be derived from ambient air, can be rendered
nonflammable by the addition of 25 volume percent or more of
natural gas or methane. The use of oxygen analyzers to control

enrichment gas flow is practical only in cases where the nitrogen-
to-oxygen ratio is the same as in the air. Where a container has
been partly inerted with a diluent such as nitrogen, enrichment
gas should be added using flow control, since control via oxygen
analyzers would otherwise add insufficient enrichment gas to
provide nonflammability. The flow control system can be aug-
mented with gas analyzers to verify correct operation during in-
stallation and for periodic performance checks.

No specific recommendations can be provided, and testing
is necessary to develop an enrichment method under the fol-
lowing conditions:

(1) Where system temperatures and pressures significantly
exceed atmospheric conditions

(2) Where gases with UFL above 75 percent in air are in-
volved

(3) Where oxygen enrichment might occur

The UFL generally increases with increased temperature
and pressure; it can be sensitive to the precise gas composition
and test conditions. Special procedures are needed for de-
composable gases, and such procedures can involve inerting,
enrichment, or deflagration isolation systems as described in
Chapter 11.

The UFL is a continuous function of oxygen concentration.
The greatest UFL corresponds to pure oxygen as the oxidant,
and the smallest corresponds to the LOC concentration of oxi-
dant (see Figure B.1). Systems containing high concentrations of
fuel might be safely operated above the LOC, provided that they
are nonflammable with respect to the actual UFL envelope. If the
oxygen concentration in a system is constrained below a value
whose corresponding UFL is U, a safety factor should be applied
such that the fuel concentration in the system is maintained at
not less than 1.7 U. This is consistent with the method in 33 CFR
154 for enrichment of marine vapor collection headers with air
as the oxidant. Realistic testing is required to develop the UFL
locus as a function of oxygen concentration under worst credible
case operating conditions.

A.8.1 Chapter 8 applies to both flammable vapors and com-
bustible dusts. References to basic design considerations and
control at a fraction of LFL are also applicable to MEC.

See Annex B for a discussion of the control of flammable
gas mixtures. Also, see Annex D for information on calculating
the time required for ventilation.

A.8.2.2 See NFPA 325, Guide to Fire Hazard Properties of Flammable
Liquids, Gases, and Volatile Solids. (Note: Although NFPA 325 has
been officially withdrawn from the National Fire Codes®, the infor-
mation is still available in NFPA’s Fire Protection Guide to Hazardous
Materials.)

A.8.2.3.1 See A.7.2.2.1.

A.8.3.1 The combustible concentration limits for both gases
and dusts are based on the total volume of the protected en-
closure and assume a uniform concentration throughout. The
ability to maintain uniform concentration throughout the en-
closure over time should be considered when applying this
protection method.

Calculated combustible dust concentrations in enclosed
equipment should account for the potential suspension of ac-
cumulated and stored dust in all stages of normal operation
and foreseeable upset conditions. These concentrations
should be compared to 25 percent of the measured minimum
explosible concentrations (MECs) for the dust material with
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the particle size distribution present in the enclosed equip-
ment, or to MEC values for smaller particle sizes.

The combustible concentration limits in 8.3.1 do not nec-
essarily preclude structural failure of the enclosure during a
partial volume deflagration involving a near-optimum or near-
stoichiometric concentration of combustible mixture in a frac-
tion of the enclosure volume. Calculation procedures to ac-
count for partial volume flammable gas or dust deflagrations
are described in NFPA 68. (See also Ogle 1999 and Jo 2004.)

Minimum combustible dust quantities, Mdust, capable of
producing partial volume dust deflagrations with pressures ex-
ceeding the maximum acceptable enclosure pressure, Pred,
can be estimated from the following equation, which is based
on the partial volume equations in NFPA 68, Chapter 8.

M
c VP
Pdust
w es=

max

(A.8.3.1)

where:
Mdust = minimum combustible dust quantity [kg]

V = enclosed equipment volume [m3]
Pes = enclosure strength (2⁄3 ultimate strength per

3.3.13) [Pa]
cw = worst-case dust concentration (concentration

that produces the largest pressure in a closed
vessel deflagration) [kg/m3]

Pmax = maximum full volume deflagration pressure
measured using the ASTM E1226 or equivalent
test method [Pa]

Therefore, suspendable dust quantities should be main-
tained below the calculated value of Mdust to preclude possible
structural failure during a partial volume dust deflagration.

A.8.3.2 The combustible concentration can be reduced by
recirculating the atmosphere in which it is contained through
a catalytic oxidation unit where the combustible material and
oxidant undergo catalytic oxidation at concentrations below
the lower flammable limit (LFL).

A.8.4.1 Reserved.

A.9.1 Predeflagration detection and control systems are typi-
cally used where a specific ignition source has been identified as
the most probable means of ignition. The detection method is
often limited to detect the identified ignition source. Possible
means of detection include choosing the frequency range of an
optical detector or detecting specific gases indicative of smolder-
ing combustion or the onset of thermal degradation. Such sys-
tems are not designed to detect all possible ignition sources and
therefore might not provide the same level of protection as other
explosion prevention systems.

A.9.5.1.1 See A.7.2.2.1.

A.9.6.1 The design basis generally includes, but is not limited
to, the general scope of work, design criteria, process descrip-
tion, material flow diagrams, basis for deflagration protection,
and the basis for and the physical and chemical properties of
the process materials. The design generally includes, but is not
limited to, equipment layouts, detailed mechanical drawings,
specifications supporting engineering calculations, and pro-
cess and instrumentation diagrams.

A.10.1 Explosion suppression systems mitigate the hazardous
effects of a deflagration within a protected enclosure by de-
tecting the deflagration in the early stages of formation (in-
cipient) and extinguishing the fireball before the pressure ex-

ceeds the pressure resistance of the enclosure. An explosion
suppression system typically consists of explosion detectors,
high rate discharge (HRD) suppressors with appropriate dis-
persion nozzles, and a control panel. Explosion isolation is
often used in conjunction with these systems to minimize the
potential for flame propagation from the protected enclosure.
Explosion suppression systems can be used when the combus-
tible products are toxic and can be used irrespective of the
location of the protected enclosure.

Explosion suppression systems typically use dry chemicals
(sodium bicarbonate or monoammonium phosphate) or wa-
ter as suppressants. Injection of a suppressant into the propa-
gating flame front of the incipient explosion reduces the tem-
perature of the combustible material below a level necessary
to sustain combustion. Thermal quenching (heat absorption)
is the principal mechanism utilized by explosion suppressants.

Explosion suppression systems often utilize methods such
as paired detectors, detector voting, and vibration isolation
devices to reduce the possibility of inadvertent activations. To
aid in the investigation of a system activation, an indicating
device denoting the actuating detector is sometimes used.

Explosion suppression systems have been applied in vol-
umes from 0.2 m3 to 1500 m3 (7.1 ft3 to 52,972 ft3) and against
a wide variety of combustible materials.

A.10.1.3 The effectiveness of a suppression system is depen-
dent on the ability of the system to deliver sufficient quantities
of suppressant into the incipient deflagration flame front to
extinguish the combustion before destructive pressure levels
are developed in the protected enclosure. Rapid detection
and rapid response are essential for the success of a suppres-
sion and isolation system. In fact, an improperly designed or
maintained suppression system could increase the probability
of failing dangerously.

Detection is most often based on the system reaching a
preset pressure or a pressure rate of rise. This requires a finite
and not insignificant amount of time. The time required for
detection is dependent primarily upon the preset conditions,
the vessel volume, and the KSt or KG. The detection time will
increase as the volume increases and will decrease as the KSt
(KG) increases. A dust with a low KSt in a large volume will take
considerably longer for detection than a high KSt dust in a
small volume. The effect of delayed detection will allow the
pressure to continue to increase within the protected enclo-
sure. In order to maintain an equivalent maximum sup-
pressed pressure the quantity of discharge points or size of
discharge orifice would need to be increased.

Suppressant discharge pattern is a limiting factor when de-
termining the viability of protecting large-scale enclosures
with a particular suppressor. The suppressor discharge orifice,
suppressor driving pressure, and the efficiency of the dis-
charge nozzle determine the suppressant concentration deliv-
ery as a function of time. The explosibility characteristics of
the material and the physical characteristics of the enclosure
are also critical in determining the number and location of
detection devices and suppressors.

A.10.2.3 When the pressure resistance of vessel is not avail-
able from the manufacturer, the owner or operator should
determine this pressure resistance by calculation based on
condition of actual enclosure. If the owner or operator
chooses to use generic values for typical construction, this
could result in enclosure failure. FM Data Sheet 7.76, “Preven-
tion and Mitigation of Combustible Dust Explosions and
Fire,” provides generic values for typical construction.
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A.10.3.1 Experience has shown that performing mainte-
nance operations without disarming a suppression system
could result in inadvertent discharge of the suppression sys-
tem.

A.10.4.2.1 The intent is to require that explosion protection
systems be reviewed by an independent organization to verify
that the system is adequate for the hazard present. Therefore,
an owner or purchaser is required to obtain confirmation of
that review.

In practice, this independent organization has been a spe-
cialized testing organization that listed or approved the pro-
tection system for specified hazards and within specified lim-
its. This gives independent approval of the system, while the
manufacturer retains proprietary details of their products and
systems.

Currently, within the European Union (EU), the explosion
suppression system manufacturers have their systems certified
to CEN standards. This certification is a requirement under
regulations within the EU.

The intent of this standard is that either of these ap-
proaches are acceptable.

A.10.4.3.1.1 The process analysis generally includes, but is
not limited to, review of the general scope of work, process
design criteria, process description, material flow diagrams,
basis for deflagration protection, basis for the physical and
chemical properties of the process material(s), equipment lay-
outs, detailed mechanical drawings and specifications, sup-
porting engineering calculations, and process and instrumen-
tation diagrams. One method by which this requirement can
be satisfied is with a process hazard analysis conducted in ac-
cordance with the methods outlined by the AIChE Center for
Chemical Process Safety in Guidelines for Hazard Evaluation Pro-
cedures.

A.10.4.4.1 The design basis generally includes, but is not lim-
ited to, the general scope of work, design criteria, process de-
scription, material flow diagrams, basis for deflagration pro-
tection, and basis for and the physical and chemical properties
of the process materials. The design generally includes, but is
not limited to, equipment layouts, detailed mechanical draw-
ings, specifications, supporting engineering calculations, and
process and instrumentation diagrams.

A.10.5.2.2 Typical approaches include two out of three voting
to reduce spurious failures. Another approach might be two
detectors in an “and” configuration combined in an “or” con-
figuration with an identical pair.

A.10.5.3 In addition to local visual and audible trouble sig-
nals, the control panel can provide an electrical output means
to produce this function externally. When an external means
is utilized, it should be implemented full time and confirmed
at system acceptance.

A.10.6.1 Detection devices that respond to radiant energy
might be used, provided that the application environment
does not inhibit their proper operation. Airborne dust par-
ticles, dust coating of the detector viewing window, certain
gases, and the distance to the ignition source might inhibit
sufficiently rapid response to the hazard.

A.10.7.1 Examples of electrically operated actuating devices
include detonators, gas generators, solenoids, linear actua-
tors, or other devices that are activated to release suppressant
into the protected vessel.

A.10.8 Halogenated hydrocarbons, such as bromochlo-
romethane, or dry chemical agents might be used with most
combustibles. The suitability of the suppressant should be de-
termined if elevated temperatures or pressures are anticipated
or if the oxidant is a material other than air.

Water might also be used as a suppressant if it can be dem-
onstrated to be effective. If ambient or process temperatures
below 0°C (32°F) are expected, freeze protection might be
necessary.

A.10.8.1 The agent can introduce contamination or chemi-
cal hazards when used in combination with certain process
chemicals or materials of construction. The choice of agent
should include an evaluation of all potential adverse interac-
tions between the agent and process. A chemical interaction
matrix, for example, the NOAA Reactivity Worksheet, is an
excellent tool to use as a part of this evaluation.

A.11.1.1 It is frequently impossible to design and operate
equipment without interconnecting pipes or ducts. Uses for
pipes or ducts include conveying, transferring, and ventilat-
ing. Where the pipes or ducts contain flammable or combus-
tible materials plus an oxidant, ignition can result in flame
spread throughout the interconnected equipment. Such
flame spread can sometimes increase the violence of the defla-
gration, resulting in pressure piling and accelerated rates of
pressure rise in the interconnected equipment from flame-jet
ignition. Pressure piling can increase maximum pressure,
Pmax, in closed vessels, thus increasing the demands of defla-
gration pressure containment; and flame-jet ignition can in-
crease deflagration venting requirements (see NFPA 68). In
extreme cases, the accelerating effect of turbulent combustion
through pipes or ducts plus any increased effects from pres-
sure piling can result in detonations.

Other factors such as elevated operating pressure, elevated
temperature, or oxygen concentration can be expected to in-
tensify the combustion process.

A.11.1.2 Table A.11.1.2 provides a quick reference chart that
highlights the various isolation techniques and their applica-
tion as an isolation protection system.

A.11.1.5 The design of an active isolation system is based on
the relative timing of the two key processes: the time required
for the detection of an explosion and the creation of a barrier
versus the time it takes for the propagating flame front to
reach that barrier. This usually results in the determination of
a minimum barrier placement, that is, the shortest distance at
which the barrier will be in place before the flame front ar-
rives. Both phenomena are complex, with multiple interre-
lated variables.

Additional critical complexities arise from the fact that ex-
act fuel concentration at the time of ignition and the ignition
location are unknown. The system design should consider the
entire range of credible concentrations, and possible ignition
locations. Some systems (e.g., active isolation systems and float
valves) are particularly vulnerable to ignition near the pipe
inlet, as well as non-optimal fuel–oxidant mixtures. Detection
is most often based on the system reaching a preset pressure
or a pressure rate of rise. This requires a finite and not insig-
nificant amount of time. The time required for detection is
dependent primarily on the preset conditions, the vessel vol-
ume and the Kst or KG. The detection time will increase as the
volume increases and will decrease as the KSt (KG) increases. A
dust with a low Kst in a large volume will take considerably
longer for detection than a high KSt dust in a small volume.
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The effect of delayed detection can be to allow the flame to
propagate farther and faster before isolation is initiated. This
in turn can require longer minimum placements. Optical de-
tection, normally located on the duct at the interconnection,
is not affected in this manner. It does, however, require that
the flame has entered the duct in order to be detected.

The time required to create a barrier depends upon the
type of isolation process. For chemical isolation, the time is
determined by factors such as the time to initiate discharge,
the discharge velocity, and duct diameter. The discharge veloc-
ity is affected by the gas pressure used to propel the agent as
well as the length and diameter of the discharge piping. Me-
chanical isolation (fast-acting valves) is characterized by the
time required for gate closure, which depends upon the clo-
sure energetics (see A.11.2.2.2) and the duct diameter. Float
and pinch valves have similar dependencies.

The flame propagation characteristics (velocity, pressure) will
determine the safe minimum and maximum locations of the iso-
lation devices. It is well established that flames can accelerate in
ducts so that flame speed or velocity increases with distance.
Flame speed may be used to determine the flame arrival time at
points away from the ignition. That time is balanced against the
detection and barrier formation time mentioned earlier. Flame
speed and acceleration are affected most strongly by fuel charac-
teristic (KSt, KG), turbulence and bends, conveyance flow veloc-
ity, and vessel protection (venting, suppression, containment).
Location of the ignition within the vessel affects the time when
flame enters the duct as well.

The conveyance flow (Barton, 2002), with respect to the
ignition location, can either oppose or enhance flame propa-
gation. This is most commonly associated with a vessel and its
inlet (opposed) and outlet (enhanced). The net effect could
be to either increase (at the outlet) or decrease (at the inlet)
the minimum placement, although decreasing the inlet mini-
mum is not encouraged (recommended).

The principles of relating the flame propagation and ar-
rival parameters with the isolation dynamics are given in Cha-
trathi (2001), Siwek (1997), Roser (1999), Chatrathi (1996),
and Moore (2004).

Approaches to solving this problem are given in Moore and
Spring (2004); Chatrathi, Going, and Grandestaff (2001);
Chatrathi and Going (1996); and Siwek and Moore (1997).

A.11.2 Process equipment, such as mills, spray dryers, dust
collectors, blowers, and vacuum pumps, is regularly con-
nected together by piping, ducts, chutes, conveyors, and so
forth. An explosion beginning in one point in the process
can propagate through these interconnections to other
parts of the process, both upstream and downstream. Gen-
erally isolation techniques are necessary unless a qualified
risk analysis is performed and a determination is made
based on both probability and consequence that the risk is
acceptable to the AHJ. Flame spread via propagation inside
ducting or piping is somewhat unpredictable for dusts.
Tests have shown that propagation is much less likely under
certain conditions. Piping less than 100 mm (4 in.) diam-
eter is far less likely to provide a conduit for flame spread
than larger diameters. Dense phase pneumatic transfer (air
velocities down near 183 m/min (600 fpm), and solids load-
ing ratios greater than 30) is also much less likely to provide
a conduit for flame spread propagation than for dilute
phase pneumatic transfer (air velocities in the region of 672
m/min to 1098 m/min (2200 fpm to 3600 fpm), and solids
loading ratios not greater than 15). It has been reported by
Pineau that it is not uncommon for propagation to occur as
few as one time in ten in controlled experiments for
150 mm piping even for dilute phase systems. However, re-
cent testing has shown that propagation is more likely with
dust concentrations in the lean region. Metal dusts are
more likely to propagate deflagrations. For organic dusts,
where small diameter pipes with dense phase transfer are uti-
lized, the need for isolation techniques could be obviated if the
hazard analysis is acceptable to the authority having jurisdiction.
For interconnected vessels that are relatively close together, mea-
sures to reduce Pred for each interconnected vessel, taking into
account that propagation could occur, would eliminate the need
for isolation techniques.

A.11.2.1.1 The process is similar to that of suppression in that
the agent absorbs the heat of the flame and terminates propa-
gation.

A.11.2.1.4.3 ASME Boiler and Pressure Vessel Code, Section XII,
has been developed and published at the request of U.S. De-
partment of Transportation (DOT) to cover pressure vessels
that are transportable containers. DOT requirements are an-
ticipated to embrace ASME Boiler and Pressure Vessel Code, Sec-
tion XII, at a future date.

Table A.11.1.2 Isolation Features of Pipe and Duct Protection Systems

Isolation System Type Fuel Type
Deflagration

Isolation

Ignition
Source

Isolation

Flow
(Pressure)
Isolation

Chemical barrier Active Dust, gas Yes Yes No
Mechanical valve Active Dust, gas Yes Yes Yes
Actuated float valve Active Gas Yes Yes Yes
Actuated pinch valve Active Dust, gas Yes Yes Yes
Rotary valves* Passive Dust Yes * Yes
Flame arresters Passive Gas Yes Yes No
Flame front diverters Passive Dust No No Yes
Liquid seal Passive Gas Yes Yes No
Float valve Passive Gas Yes Yes Yes

*Rotary valves are capable of preventing flame front passage under certain conditions but do not always
prevent the passage of burning embers.
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A.11.2.2 See Figure A.11.2.2(a) and Figure A.11.2.2(b).

A.11.2.2.2 Automatic fast-acting mechanical valves are actu-
ated (closed) upon a signal from a detector (sensor) in the
pipeline between two items of interconnected process equip-
ment. The detector sends a signal to a control device, and the
signal is relayed to the valve closure mechanism. Originally
this control device was a compressed gas cylinder, which then
discharges the compressed gas to a piston-cylinder assembly at
the top of the valve, thereby closing the gate. The propellant is
generally nitrogen at 33 barg to 60 barg (479 psi to 870 psi).

The valve separating the compressed gas and the piston must
be rapidly opened. Mechanisms for this operation include
rapid over-pressuring of a rupture disk by pyrotechnical (deto-
nator) devices. In some systems, gas generating devices have
replaced the pyrotechnics. Alternatively, gas generators alone
have been used to generate the pressure required to rapidly
close the valve gate. Plant-air actuated valves are also available.

A fast-acting slide gate isolation valve is shown in Fig-
ure A.11.2.2(a) and Figure A.11.2.2(b) and can be mounted
in vertical, horizontal, or inclined piping. With this type of
valve, the pipe area is completely open and can be built
without pockets and dead corners, so that dust will not
settle out or accumulate. Special dampers absorb the sub-
stantial forces from the closing device and prevent the slide
from springing back after closure. The damping elements
are exchangeable.

A.11.2.2.5 Fast-acting mechanical valves might be subjected
to detonation pressures if placed beyond the design maxi-
mum location. However, they are not expected to provide pro-
tection under these conditions.

A.11.2.3.1 An example of an externally actuated float valve is
shown in Figure A.11.2.3.1.

A.11.2.3.2 Externally actuated float valves are used when low
explosion overpressures are expected, and consequently flame
propagation from equipment could occur if a self-actuated flow
valve was used. These valves are operated by sensor-controlled gas
flow [jets of gas from a high rate discharge (HRD) container or
from a gas generator] through a hemispherical nozzle, which
impinges upon the float (see Figure A.11.2.3.1. The externally
actuated float valve functions only in one direction.

As with the self-actuated float valve, the valve plug (float) is
pressed onto a valve seat on closing and held in place by a
retaining device. In addition, the closed position can be indi-
cated by an electrical signal from a limit switch. The float valve
remains closed until the manual reset knob is operated from
the outside.

A.11.2.3.4 The agent might introduce contamination or
chemical hazards when used in combination with certain pro-
cess chemicals or materials of construction. The choice of
agent should include an evaluation of all potential adverse
interactions between the agent and the process. A chemical

Pneumatic actuator

Gate

Electric initiator

Pressurized
reservoir

FIGURE A.11.2.2(a) Typical Fast-Acting Mechanical Valves
Without Pressurized Reservoir.

Electric initiator
Gas generator

Pneumatic actuator

Gate

FIGURE A.11.2.2(b) Typical Fast-Acting Mechanical Valve
with Pressurized Reservoir.

FIGURE A.11.2.3.1 Externally Actuated Float Valve.
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interaction matrix, for example, the NOAA Reactivity Work-
sheet, is an excellent tool to use as a part of this evaluation.

A.11.2.3.5(7) Float valves should be used for clean service
only, as particulate solids can build up on the valve trim or
valve seat and prevent tight closure.

A.11.2.4.1 See Figure A.11.2.4.1.

A.11.2.4.2 The valve trim (internals) is an elastomer pinch sur-
rounded by a gas chamber. In the event of a deflagration, an
electrical signal is sent from a sensor, typically mounted on a de-
flagration relief device, to an air tank mounted integral to the
valve. The gas tank discharges gas to the chamber surrounding
the elastomer pinch and compresses it, which pinches off flow in
the pipeline. Because the pinch has relatively little mass, it is both
very fast acting and imparts low shock to the piping. The pinch,
however, can be adversely affected by sustained high tempera-
tures such as might be encountered in a fire.

A.11.2.4.4(7) Where high velocities and very abrasive dusts
are being handled, the pinch could be subject to abrasion
wear. Pinch valves are not the best choice in these conditions.

A.11.3.2 Experience has shown that performing mainte-
nance operations without disarming an isolation system could
result in inadvertent system actuation.

A.11.4.2.1 The process analysis generally includes, but is not
limited to, review of the general scope of work, process design
criteria, process description, material flow diagrams, basis for de-
flagration protection, basis for the physical and chemical proper-
ties of the process material(s), equipment layouts, detailed me-
chanical drawings and specifications, supporting engineering
calculations, and process and instrumentation diagrams. This
analysis should consider startup, normal operation, normal shut-
down, temporary operations, and emergency shutdown. One
method by which this requirement can be satisfied is with a pro-
cess hazard analysis conducted in accordance with the methods
outlined by the AIChE Center for Chemical Process Safety in
Guidelines for Hazard Evaluation Procedures.

A.11.4.3 The design basis generally includes, but is not limited
to, the general scope of work, design criteria, process description,
material flow diagrams, basis for deflagration protection, basis
for fire protection systems, and the physical and chemical prop-
erties of the process materials. The design generally includes, but
is not limited to, equipment layouts, detailed mechanical draw-
ings, specifications, supporting engineering calculations, and
process and instrumentation diagrams.

A.11.5.1 Detection devices that respond to radiant energy
might be used, provided that the application environment
does not inhibit their proper operation. Airborne dust par-
ticles, dust coating of the detector viewing window, certain
gases, and the distance to the ignition source might inhibit
sufficiently rapid response to the hazard.

A.11.6.1 Examples of electrically operated actuating devices
include detonators, gas generators, solenoids, linear actua-
tors, and other devices that actuate the isolation device.

A.11.7.3 In addition to local visual and audible trouble sig-
nals, the control panel can provide an electrical output means
to produce this function externally. When an external means
is utilized, it should be implemented full time and confirmed
at system acceptance.

A.12.1 Isolation techniques can be active, which requires de-
tection, control, and a pneumatic or electrical response that
creates an isolating barrier; or passive, which responds to the
deflagration pressure to create the isolating barrier. Active iso-
lation systems are discussed in Chapter 11. See Table A.11.1.2
for isolation features of pipe and duct protection systems.

A.12.1.1 Process equipment, such as mills, spray dryers, dust
collectors, and blowers, is commonly connected together by
piping, ducts, chutes, conveyors, and so forth. An explosion
beginning in one point in the process can propagate through
these interconnections and start an explosion in other parts of
the process, both upstream and downstream. Isolation meth-
ods can be used to interrupt or mitigate flame propagation,
deflagration pressure, pressure piling, and flame-jet ignition

FIGURE A.11.2.4.1 Pinch Valve.
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between items of equipment. Each isolation technique has
unique application limitations.

A.12.2.1 Pressure piling and flame-jet ignition through inter-
connecting piping can be controlled by means of a flame front
diverter. The basic principle of operation of this device is that
the deflagration is vented at a point where the flow direction is
typically changed by 180 degrees. Due to the inertia of the fast
flow caused by the deflagration, the flow will tend to maintain
its direction upward rather than making a sharp turn, as it
would when the velocity is low (at normal conditions). When
the high-speed deflagration flame continues upward, it pushes
open either a hinged cover or bursts a rupture disk located at
the top of the diverter, allowing the flame to be released to the
atmosphere.

Some flame front diverters have demonstrated the ability
to prevent flame propagation. In most cases, tests have indi-
cated that diverters were not completely effective in prevent-
ing flame propagation; however, where this has occurred, the
deflagration severity was reduced, and pressure piling did not
occur or was less severe. Figure A.12.2.1 shows the typical ap-
plication of flame front diverters. Siwek (Europex 1996) dis-
cusses some design details concerning flame front diverters.

More information about flame front diverters is presented
in books by Bartknecht (1989) and Eckhoff (2003). Bart-
knecht (1989) recommends not using a flame front diverter as
the only means of isolation if it is intended to stop the flame
propagation.

A.12.2.1.1 Figure A.12.2.1.1(a) through Figure A.12.2.1.1(c)
provide examples of the three different types of flame front
diverters addressed in this document.

A.12.2.1.4.1 The turbulence generated in the flame front di-
verter makes it difficult to predict the required design pres-
sure. Therefore, testing is the only practical approach to en-
sure an adequate design. As a result, uncertified diverters
could present a shrapnel hazard.

A.12.2.2 The valve is set to close at a rated pressure differen-
tial that results from the deflagration. Therefore, the deflagra-
tion must develop a minimum strength pressure wave in the
upstream piping. The float valve engages a valve seat upon
closing and is held in place by a retaining device. The float
valve remains closed until manually reset. The float valve typi-
cally functions in both directions.

Fan

Explosion 
vent

Combustion 
source

Combustible
dust-vapor 

source

Flame front 
diverter

Pneumatic 
conveying

FIGURE A.12.2.1 Typical Application of Flame Front Diverters.

Backflash

Restraint cable Closure dome

Flame front diversion

Pipe flanges

Process flow

FIGURE A.12.2.1.1(a) Rupture Disc Diverter.

Flame front
diversion

Backflash

Pipe flanges

Hinged closure

Positive shutoff flap

Process flow

FIGURE A.12.2.1.1(b) Explosion Door Diverter.

FIGURE A.12.2.1.1(c) Self-Closing Explosion Door Diverter.
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A potential problem with this valve is that an elastomeric seat,
if used, could be adversely affected in high temperature environ-
ments. Another possible problem is that powder coating on the
seal surfaces can prevent a tight seal, and flame breakthrough is
then possible.

Since a certain minimum pressure differential is required
to close the float valve, the propagation of an explosion
through a pipe will not be stopped if its pressure is lower than
the minimum actuation pressure of the float valve.

The placement of flow-actuated float valves requires a de-
termination of the minimum and maximum distances from
the origin of the explosion. Placement at the minimum dis-
tance ensures that the float valve closes before flame arrival.
Placement at the maximum distance ensures that detonation
does not develop in the vicinity of the float valve, and that the
pressure does not exceed the design pressure of the float
valve. These distances are usually recommended by the valve
vendor and are affected by the explosibility of the fuel, the
pipe diameter, and the expected minimum and maximum
Pred in the upstream enclosure.

Table A.12.2.2 shows typical installation distances of a flow-
actuated float valve, measured at the centerline.

A.12.2.2.1 A schematic drawing of a typical flow-actuated pas-
sive float valve and its internals is shown in Figure A.12.2.2.1.

A.12.2.2.4 The most challenging situation for a float valve is at
the fuel-lean and fuel-rich conditions. This is due to the need for
the closing forces to be generated by the deflagration itself.

A.12.2.3.4.6 The minimum design pressure for the ductwork
is typically 2 × Pred because the pressure wave reflects off the
closed valve. Depending on the distance between the flap
valve and the enclosure, pressure piling could further increase
the expected peak pressure.

A.12.2.4 The mass of bulk solids or powders contained in
rotary valves provides a tortuous path through which the gas
and flame have to pass and so acts as a “material choke” when
certain design features are implemented. In previous editions
of this standard, screw conveyors were included as material
chokes; however, industry experience shows that these devices
are not reliable as isolation devices.

A.12.2.4.1 Figure A.12.2.4.1 shows a typical rotary valve.

If an explosion occurs, the rotary valve has to be automati-
cally stopped to avoid transport of glowing or burning mate-
rial to downstream equipment, where it could cause a second-
ary fire or act as an ignition source to ignite a dust cloud and
cause a deflagration (Bartknecht 1989).

It is important that the hopper or vessel located upstream
of the valve have a minimum inventory of solids to prevent
flames passing through the solids due to the pressure wave
from an explosion in the hopper or vessel. To maintain this
minimum height of solids in the hopper upstream of the ro-
tary valve, low level sensors are provided, which are inter-
locked to shut down the rotary valve before the hopper goes
empty, thereby maintaining a level of solids above the rotary
valve. This level of solids effectively acts as a seal to prevent
flame and pressure transfer through the valve. A manual by-
pass should be provided for the low level sensor or interlock to
allow emptying of the hopper when necessary.

The rotary valve can still significantly mitigate explosion
propagation, even if total isolation is not achieved, by signifi-
cantly reducing transmission of pressure. Siwek (1989) pre-
sents more information on the use of rotary valves for prevent-
ing explosion propagation.

A.12.2.4.3 Faulty bearings or the presence of tramp metal
can cause frictional heating, resulting in temperatures in ex-
cess of the autoignition temperature of the powder (cloud or
layer). Prevention of ignition sources can be accomplished in
a number of ways, including the following:

(1) Providing a temperature switch on the bearings inter-
locked to stop the valve

(2) Installing metal exclusion devices upstream of the valve
(magnetic diverters, screens)

(3) Operating the rotary valve at a low speed [tip speeds of
1 m/sec (200 fpm) or less]

A.12.2.4.4 The rotary valve with material blocking should be
used with the understanding that its limitations have not been
delineated to the same extent as other valves.

Table A.12.2.2 Typical Installation Distances

Minimum
Distance

Maximum
Distance

Fuel Characteristics m ft m ft

Dust (K ≤ 300 bar/m · sec-1) 3 9.8 12 39
Hybrid (K ≤ 400 bar/m ·

sec-1) 3 9.8 5 16
Gas (K ≤ 100 bar/m · sec-1) 3 9.8 8 26

Valve poppet Neoprene gasket

Spring-loaded supporting
system, and catching system
for valve poppet

FIGURE A.12.2.2.1 Flow-Actuated Float Valve.

Explosion
No

explosion

Housing

Rotor

Gap length

Gap width

Rotor blade

FIGURE A.12.2.4.1 Typical Rotary Valve.
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The material blocking method is more appropriate for de-
flagrations originating on the top side of the rotary valve.
Where there is potential for deflagrations originating on the
bottom side of a rotary valve using the material blocking
method, the owner or operator should take into account the
potential for material displacement and possible transmission
of the deflagration.

A.12.2.4.5 Testing has shown that rotary valves can be effec-
tive in isolating explosion propagation if the following condi-
tions are in place:

(1) There are three vanes on each side of the valve that are
diametrically opposed.

(2) A close tolerance is maintained between the vanes and the
valve body, that is, the gap between the rotor and housing
is =0.2 mm (=0.0079 in.). For metal dusts, such as alumi-
num, the required gap between the tip of the rotor blades
and the housing may be much smaller. Rotary air locks in
metal dust service should be type tested for the intended
use and application or used with a material block as de-
scribed in 12.2.4.4.

(3) Two vanes per side are always in contact with the housing.
(4) The vanes or tips are made out of metal (no plastic vanes)

and have a thickness of at least 3 mm (0.12 in.).

It is critical that this initial clearance be maintained in or-
der for the explosion protection to function. Normal wear can
cause these valves to become ineffective, allowing flame pas-
sage, and so preventive maintenance is necessary.

A.12.2.5 Flame arresters are specifically built for a variety of
flame loads (deflagration, detonation, stabilized burning) and
for substances of different reactivity (explosion groups), and
they use different operating principles (quenching in gaps,
gaseous counterflow, liquid seals).

A.12.2.5.2 Examples of flame arrester groups are shown in
Figure A.12.2.5.2(a) through Figure A.12.2.5.2(c).

A.12.2.5.4 Flame arresters are frequently misapplied isola-
tion devices, because of the lack of understanding of the test

methods, limitations, and the number of types of flame arrest-
ing devices and applications. This material is intended to aid
the user in identifying the process conditions that influence
the choice of the appropriate flame arresting device. [See Fig-
ure A.12.2.5.4(a) and Figure A.12.2.5.4(b).]

A.12.2.5.4.5.2 The response time for shutoff must be limited,
because simple shutoff also means that the filter elements are
no longer cooled by convective heat transfer from flowing pro-
cess vapors.

A.12.2.5.4.15 For explanation of what these forces might be,
see Grossel, Section 6.5.FIGURE A.12.2.5.2(a) In-Line Deflagration Arrester.

FIGURE A.12.2.5.2(b) In-Line Stable Detonation Arrester.

Shock absorber

Temperature sensors

Crimped metal
arrester element

Optional fitting for
drains; pressure taps

FIGURE A.12.2.5.2(c) In-Line Unstable Detonation Arrester.
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A.12.2.6 When an explosive mixture flows through a hydrau-
lic arrester, it is separated into single isolated gas bubbles that
rise due to buoyancy. Because of the formation of isolated
bubbles, continuous channels for the passage of the igniting
flame do not exist. If an ignition occurs on the side of the
device where the single bubbles reach the surface of the liq-
uid, flame propagation can be blocked. This is the usual direc-
tion when hydraulic arresters are applied. In the opposite
case, that is, if ignition occurs at the upstream side, separation
into single gas bubbles will still take place, but the efficiency of
the protection will be low, since the combustion process can
be transferred to the surface of the liquid. Whereas the action
of a hydraulic arrester — the isolation of single gas volume
elements— is clear, the mechanisms that enforce flame trans-
mission under certain boundary conditions are considerably
more difficult to understand. Up to now they have not been
clarified in every detail. With the aid of extensive experiments
Börger et al. determined the limits for the safe operation of
hydraulic arresters in practice. Essential parameters here are
the gas load (volume flow rate of gas per unit surface area of
the liquid) and the depth of submersion (length of the bubble
path). It was established that for a given reactivity of the mix-
ture and a given depth, flame transmission always occurred
beyond a critical volume flow rate per unit liquid surface area.
This critical volume flow rate increases with increasing sub-
mersion depth of the device and decreasing reactivity of the
explosible mixture. The mechanism of combustion propaga-
tion was investigated more thoroughly by Opholl. According
to these investigations it seems to be important that the ex-
ploding single bubbles perform a sequence of damped vibra-
tions, which lead on the formation of a gas jet, which can
impinge on neighboring bubbles. This jet drags hot gases
along and thus produces connections between the bubbles.
The range of this effect increases with increasing reactivity of
the gas. On the basis of the available investigations it cannot
be excluded that direct ignition is also caused by the compres-
sion of neighboring bubbles.

There are some generic designs in common practice. De-
tailed design information is not available, and testing is recom-
mended.

A.12.2.6.1 Typical hydraulic deflagration arrester designs are
shown in Figure A.12.2.6.1(a) and Figure A.12.2.6.1(b).

A.12.2.6.3.10 For explanation of what these forces might be,
see Grossel, Section 6.5.

A.12.2.6.3.27 It has to be ensured that enough liquid remains
in the liquid seal so that the third explosion impact is pre-
vented from transmission to the protected side.

A.12.2.7 Where flammable liquid transfer lines interconnect
vessels, an empty line can present a path for flame propaga-
tion between the vessels, similar to manifolded vapor connec-
tions. With manifolded filling or emptying lines, often the
main line remains liquid full, providing a seal against flame
propagation. However, the location of this liquid seal could be
some distance from the vessel, allowing a deflagration in a
vessel to transition to detonation with increased damage po-
tential. Liquid product detonation arresters can be located so
as to limit affected piping.

In situations where the suction for a flammable liquid
transfer pump is located below the pump, lowering liquid
level in the suction vessel can result in vapors entering the
pump, with a subsequent potential ignition. Often low level
interlocks are provided to stop pumping before loss of suffi-
cient level. A liquid product detonation arrester can be used to
isolate a pump ignition source from the vessel.

Flame arrester

Endurance burn flame arrester

Deflagration flame arrester

Long time burning

Short time burning

Unconfined deflagration

Confined deflagration

Stable detonation

Unstable detonation

Detonation flame arrester

FIGURE A.12.2.5.4(a) Differentiating the Combustion Process.
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Deflagration proof
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FIGURE A.12.2.5.4(b) Classification of Flame Arrester.
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A.12.2.7.1 Liquid product detonation flame arresters are in-
stalled within piping, which is filled with liquid (e.g., gasoline)
during normal operation, or installed inside storage tanks. Typi-
cally they are applied to filling and emptying lines of intercon-
nected storage tanks where there is a risk of the pipe line running
empty and the liquid being replaced with potentially combus-
tible product–air mixture. If ignited, a deflagration or detona-
tion may develop, which can be stopped with this type of device.
[See Figure A.12.2.7.1(a) through Figure A.12.2.7.1(c).]

A.12.2.7.1(1) Figure A.12.2.7.1(a) shows a liquid product ar-
rester that can be applied to filling and emptying lines because
it includes a siphon bypass to avoid liquid being sucked out of
the detonation arrester.

A.12.2.7.1(2) Figure A.12.2.7.1(b) shows a liquid product ar-
rester that can only be applied to the filling line of a tank or
vessel. Liquid can be pumped in only one direction through
this device, because it does not have a bypass system installed.

A.12.2.7.1(3) Figure A.12.2.7.1(c) shows a liquid product ar-
rester with a foot valve, which is applied to suction lines. This
device will also function if the valve pallet is in an open posi-
tion due to the minimum height of liquid level in the suction

basket. These valves are installed inside the tank above the
tank bottom. In addition to stopping flame propagation, foot
valves provide protection against backflow and maintain a suc-
tion seal for pump startup.

A.13.1.5 Pressure piling and flame-jet ignition can signifi-
cantly increase deflagration pressures in attached equipment.
Techniques such as isolation or venting should be considered.

Measurement of volume flow

Measurement of liquid level

Measurement of gas 
temperature

Measurement of water seal
temperature

Control of water seal
and discharge

Quick action gate valve
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Appurtenance for
hydraulic flame arrester

FIGURE A.12.2.6.1(b) Sparge Tube Hydraulic Arrester.

FIGURE A.12.2.7.1(a) Liquid Product Detonation Arrester
with Siphon Bypass (Emptying and Filling Lines).

Overflow weir
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saddleLiquid fill nozzle

Baffle plate
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FIGURE A.12.2.6.1(a) Bubble Screen Hydraulic Flame Ar-
rester.
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A.13.2.1 Deflagration pressure containment is not adequate
for detonable systems because the maximum pressure rise is
much greater than the factors established in 13.3.4.1 through
13.3.4.4. It should be recognized that some systems might be
capable of deflagration or detonation. For example, systems
containing a substantial proportion of hydrogen are prone to
detonation, as are systems containing acetylene or acetylenic
compounds. Saturated organic compounds such as propane,
ethane, and alcohols generally do not detonate in vessels but
might do so in pipework. Internals in equipment can promote
the transition from deflagration to detonation.

A.13.2.2 When two vessels connected by a large-diameter pipe
both contain a combustible mixture, a deflagration in one vessel
can precompress the unburned mixture in the other vessel. The
maximum deflagration pressure that can be developed in the
second vessel might be substantially greater than would normally
happen in a single vessel. (See Bartknecht.) Guidance on explosion
containment in linked vessels is given in Barton.

A.13.2.2(5) Only limited information is available for deflagra-
tion containment of systems with initial gauge pressures exceed-

ing 2 bar (30 psi). Increased initial pressure might increase the
potential for detonation. For this reason it is recommended that,
for systems that might operate at an initial gauge pressure of 2
bar (30 psi) or higher, deflagration pressure containment should
be used only where applicable test data are available. The testing
should be carefully designed because the detonation potential of
a system is affected by vessel dimensions.

A.13.3.4 When determining the Pmawp to contain the defla-
gration, the calculated minimum design value for Pmawp will
be less than the actual peak pressure expected during the de-
flagration. Deflagration is a short-term pressure excursion,
and this method is recognized in ASME Boiler and Pressure Vessel
Code. The formulas are based on a paper by Noronha et al. See
NFPA 68 for a more detailed description of the forces imposed
during a deflagration.

A.13.3.4.1 The maximum deflagration pressures for several
dusts can be found in Annex F of NFPA 68, Standard on Explo-
sion Protection by Deflagration Venting.

A.13.3.6 The maximum initial pressure depends on the ori-
gin of the pressure. In some cases, the maximum initial pres-
sure is determined by the setting of a relief device on the sys-
tem. In such cases, the maximum initial pressure is the sum of
the relief device set pressure and the relief device accumula-
tion pressure. Overpressure due to boiling of the vessel con-
tents (for example, from external fire exposure) might raise
the concentration of fuel in the vapor phase above its upper
flammable limit and does not constitute a deflagration hazard.

A.14.1 The expanded metal mesh and polymer foams de-
scribed in this chapter are intended for protection against in-
ternal deflagrations and are not intended for boiling liquid
expanding vapor explosion (BLEVE) protection of liquefied
gas storage tanks nor for emergency relief venting of flam-
mable liquid storage tanks.

A.14.2.4.1 These requirements are taken from the range of
densities in Table 1 of MIL-B-87162A (USAF), Military Specifi-
cation: Baffle Material, Explosion Suppression, Expanded Alu-
minum Mesh, for Aircraft Fuel Tanks.

A.14.2.4.2.3 Where the application range is based on the fun-
damental burning velocity of the protected mixture, the same
test method should be used to compare the burning velocity
of the subject mixture to that of near-stoichiometric propane–
air. In the case of a metal mesh made by expanding slit foil and
then fan-folding the expanded metal into batts, the surface
area per unit expanded foam volume is equal to
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where:
ws = slit foil width
n = number of layers in a batt of height H
ls = length of unexpanded slit foil required to

produce an expanded length lf between folds
W = expanded foil width
H = height
lf = expanded length between folds

L 0 = unexpanded length of foil in a batt
(from Szego, A., Premji, K., and Appleyard, R., Evaluation

of Explosafe Explosion Suppression System for Aircraft Fuel
Tank Protection.)

A.14.2.4.3 In the case of metal mesh made from expanded
slit foil, the pore size is approximately equal to the foil spacing
between slits.

Flow
direction

FIGURE A.12.2.7.1(b) Liquid Product Detonation Arrester
Without Siphon Bypass (Filling Line Only).

FIGURE A.12.2.7.1(c) Liquid Product Detonation Arrester
with Foot Valve (Emptying Lines Only).
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A.14.2.4.4 In the case of aluminum foil mesh, the alloy com-
position should be specified per Aluminum Association stan-
dards (for example, composition designations 3003 or 3010).
In the case of chromate coatings, MIL-C-5541, Chemical Con-
version Coatings on Aluminum and Aluminum Alloys, would
be applicable.
A.14.2.5 This material is taken from the reference for required
densities found in Table 1 of MIL-DTL-83054C, Detailed Specifi-
cation Baffle and Inerting Material, Aircraft Fuel Tank.
A.14.2.5.1 The specifications for the minimum numbers of
pores are for applications involving alkanes or flammable gases
and vapors with fundamental burning velocities within 15 per-
cent of the near-stoichiometric propane-air burning velocity.
A.14.2.5.5.2 The maximum resistivity value required in
14.2.5.5.2 has been achieved and surpassed using conductive
reticulated polyurethane foams described in SAE AIR 4170A,
Reticulated Polyurethane Foam Explosion Suppression Mate-
rial for Fuel Systems and Dry Bays. This reference also de-
scribes the advantages of the conductive foam in eliminating
electrostatic ignitions that the U.S. Air Force was experiencing
in certain aircraft equipped with higher resistivity polymer
foams. If electrostatic charge generation mechanisms, such as
direct fuel impingement onto the foam, can be avoided, the
conductive foams may not be necessary.
A.14.3.3 Figure A.14.3.3 shows a diagram of a test vessel with a
void volume, Vc , and mesh- or foam-filled (arrester) volume, Va .

A.14.3.7 A diagram of the double void explosion suppression
test setup is shown in Figure A.14.3.7. The ignition void frac-
tion, Vc /(Vc + Va + Vv), is typically 0.20.

A.14.4.1 For example, the value of Pred shown in SAE AIR4170
Rev A for fine pore blue polyether foam at an initial pressure of 3
psia (21 kPa) is about 11 psia (76 kPa) for propane–air explosion
testing with a 20 percent single void volume. This foam can be
installed only in enclosures with either an ultimate strength or
yield pressure of at least 17 psia (117 kPa).
A.14.4.2 The number of mesh or foam blocks used during
installation should be minimized. Voids between mesh or
foam blocks should not be co-linear in order to avoid the po-
tential for direct line flame propagation between multiple
blocks. Compression of the mesh or foam during installation
should also be minimized.

Installation guidelines for mesh or foam in aircraft fuel
tanks and dry bays are given in SAE AIR4170 Rev. A, ”Reticu-
lated Polyurethane Foam Explosion Suppression Material for
Fuel Systems and Dry Bays.”
A.15.4.1 Suppressant storage containers, automatic fast-
acting valves, flame front diverters, or flame arresters should
be supported by other than the protected process, ductwork,
or piping as determined by engineering review. Reinforcing
pads, external mounts, or other means to redistribute the re-
action forces of the explosion prevention device should be
implemented. It is not intended or expected that the protec-
tion equipment be supported by the process equipment. Ex-
ternal support may be required in order for the explosion
prevention system to operate properly. Detection devices
should be mounted such that product impingement will be
minimized. Suppressant containers should be located such
that discharge is not directed toward process openings where
employees may be present.
A.15.5.5.1 Safety instrumented system (SIS) design focuses in-
creasingly on the concept of safety integrity level (SIL). A process
that is to be protected is assigned an SIL level based upon risk
analysis. An SIL level of between 1 and 3 is assigned (between 1
and 4 under IEC 61511, Functional Safety — Safety Instrumented
Systems for the Process Industry Sector), with 1 being the lowest level.
Layers of protection are typically combined to achieve the SIL
requirement for a process with individual safety systems often
having a lower level than the process. This edition of NFPA 69
does not require the use of SIL levels for explosion prevention
systems but recognizes their use. The guidelines for isolating a
Safety Instrumented System from the basic process control sys-
tem are included in ANSI/ISA-84.00.01, Functional Safety: Safety
Instrumented Systems for the Process Industry Sector, current edition.
IEC 61511 is also appropriate.
A.15.5.5.2 Initiating device circuits, notification appliance
circuits, and signaling line circuits shall be permitted to be
designated as either Class A or Class B, depending on their
performance during non-simultaneous single circuit fault
conditions as specified by the following conditions:
(1) Initiating device circuits and signaling line circuits that

transmit an alarm or supervisor signal, or notification ap-
pliance circuits that allow all connected devices to oper-
ate during a single open or a non-simultaneous single
ground fault on any circuit conductor, should be desig-
nated as Class A.

(2) Initiating device circuits and signaling line circuits that do
not transmit an alarm or supervisory signal, or notifica-
tion appliance circuits that do not allow connected de-
vices to operate beyond the location of a single open or a
non-simultaneous single ground fault on any circuit con-
ductor, should be designated as Class B.

A.15.7.1.3 The frequency depends on the environmental and
service conditions to which the devices are to be exposed. Pro-
cess or occupancy changes that can introduce significant
changes in condition, such as changes in the severity of corro-
sive conditions or increases in the accumulation of deposits or
debris, can necessitate more frequent inspection. It is recom-
mended that an inspection be conducted after a process main-
tenance turnaround. Inspections should also be conducted
following any natural event that can adversely affect the opera-
tion (e.g., hurricanes or snow and ice accumulations).
A.15.7.2.1 Before starting maintenance, always make sure
that any process environmental conditions such as gas–air
mixtures or vapor–air mixtures are not dangerous to health.
A.15.7.3 See Figure A.15.7.3.

Spark

DT DP

Vc Va

FIGURE A.14.3.3 Single Void Explosion Suppression Test
Setup (MIL-PRF-877260A).

Spark

DT DP

Vc Vv
Va

FIGURE A.14.3.7 Double Void Explosion Suppression Test
Setup (MIL-F-877260).
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NFPA 69 EXPLOSION PREVENTION SYSTEMS
QUARTERLY INSPECTION FORM

User Contact Information

Company name

Date inspected        Start time

Address

City         State     Zip code  Telephone

Inspector’s name

Inspection company

Address

City         State     Zip code  Telephone

Explosion prevention system protecting

Explosion prevention system ID #

Explosion prevention system location

Explosion prevention system manufacturer

Follow the manufacturer’s recommendations and the following:

Is/has/does/are/the explosion prevention system:

 (1) Process and processed material changed since last 
inspection?   ❏ Yes  ❏ No

 (2) Explosion prevention system been properly 
installed in accordance with this document and 
manufacturer’s instructions?   ❏ Yes  ❏ No

 (3) System components corroded or mechanically 
damaged?   ❏ Yes  ❏ No

 (4) User operation instructions provided near the 
control unit?   ❏ Yes  ❏ No

 (5) System components clearly labeled as an explosion 
prevention device?   ❏ Yes  ❏ No

 (6) System components protected from the process and 
acts of nature?   ❏ Yes  ❏ No

 (7) System components painted or coated other than 
by the original equipment manufacturer?   
❏ Yes  ❏ No

 (8) System components have buildup of deposits on the 
inside surfaces of discharge nozzles or detection 
surfaces?   ❏ Yes  ❏ No

 (9) System components changed, altered, or tampered 
with?   ❏ Yes  ❏ No

 (10) System component mounting condition, such as 
cracked welds or missing bolts?   ❏ Yes  ❏ No

 (11) System discharged/actuated?   ❏ Yes  ❏ No

 (12) System seals, tamper indicators, or discharge 
indicators if provided, in place and functioning?   
❏ Yes  ❏ No

 (13) Control unit functions according to design 
requirements and all circuits properly supervised?   
❏ Yes  ❏ No

 (14) The system control unit indicating any faults?   
❏ Yes  ❏ No

 (15) System sensing devices calibrated and function 
according to design requirements?   ❏ Yes  ❏ No

 (16) System suppressors and valve actuators 
pressurized to specifications?   ❏ Yes  ❏ No

 (17) System interlocks verified for proper sequence and 
functioning?   ❏ Yes  ❏ No

 (18) Plant fire notification verified?   ❏ Yes  ❏ No

 (19) System sequence of operation verified?   ❏ Yes  ❏ No

 (20) Components correctly located as the system 
drawings indicate?   ❏ Yes  ❏ No

 (21) Components clear of obstructions and accessible?   
❏ Yes  ❏ No

 (22) Clearly tagged or labeled with manufacturer’s 
information?   ❏ Yes  ❏ No

 (23) Showing process material buildup or deposits?   
❏ Yes  ❏ No

 (24) Fasteners and mounting hardware in place?   
❏ Yes  ❏ No

FIGURE A.15.7.3 Explosion Prevention Systems Quarterly Inspection Form.
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SENSORS
REPORT NO. ___________

System Armed/Disarmed After Service

Note: Visual inspection includes check for dents, abrasion, corrosion, leaks, and obstruction
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FIGURE A.15.7.3 Continued
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SUPPRESSORS AND AUTOMATIC FAST-ACTING VALVE
REPORT NO. ___________

Note: Visual inspection includes check for dents, abrasion, corrosion, leaks, and obstruction
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FIGURE A.15.7.3 Continued
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ACTION REQUIRED BY MANAGEMENT

Process engineer/supervisor notified?   ❏ Yes  ❏ No

Date addressed

Action required   ❏ Yes  ❏ No

Signature

Have you observed changes to the process and or its surroundings that should invoke the company’s management 
of change procedure?   ❏ Yes  ❏ No

Inspector’s signature 

Manager’s signature 

Date: Stop time:

System re-armed:

Authorized Signature Signed:

Customer Engineer

M
ec

h
an

ic
al

 C
on

d
it

io
n

M
ou

n
ti

n
g

W
ir

in
g

C
on

tr
ol

s 
&

 S
w

it
ch

es

RemarksLocationLog No.M
an

u
fa

ct
u

re
r 

S
ta

n
d

ar
d

 V
al

u
e

Measured 
Parameter 

(Resistance, 
Current, 
Other)

Field Wiring Auxiliary Equipment

System Armed/Disarmed After Service

Log No.

FIGURE A.15.7.3 Continued
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A.15.8.1 Corrective process and protection system actions by
the owner or operator, and refurbishment of the explosion
prevention system, should be completed by personnel autho-
rized by the manufacturer. Corrective actions should be imple-
mented before the process is returned to service.

A.15.8.2 The causes of explosion prevention system actuations
are often difficult to determine. The cause may be traced to a
deflagration or may have resulted from an inadvertent effect. As-
sistance of factory-trained personnel from the explosion preven-
tion system manufacturer is recommended. The investigation
may include duplicating process pressure conditions and the ef-
fects of process changes such as fan speeds, valve actions, etc.
Particular attention should be paid to any service or maintenance
work or programming changes on the process control software.
Best practice for such an investigation and review might include
any or all of the following elements:

(1) Recording all process operating data at the time of the
actuation and noting if any process upsets had recently
occurred

(2) Recording the status of the explosion prevention control
systems

(3) Recording the status and condition of the process safety
interlocks

(4) Capturing history data from the explosion prevention
control system if available

(5) Recording statements and observations from personnel
in the area of the event

(6) Photographing the area in and around the event location
and collecting samples of the material in process at the
time of actuation for analysis if the actuation cause cannot
be determined

(7) Recording weather conditions at the time of actuation
(8) Posting discharge communication with management and

the explosion prevention system supplier or maintainer,
to coordinate refurbishment and inspection of the explo-
sion prevention system

A.15.11.3 It is recommended that changes be reviewed with
life safety system and equipment suppliers.

Annex B Control of Flammable Gas Mixtures by
Oxidant Concentration Reduction and Combustible

Concentration Reduction

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 General. As covered in Chapters 7 and 8, a flammable
gas–oxidant mixture might be controlled by reducing the con-
centration of oxidant or by adding an inert constituent to the
mixture. Both processes can be explained most easily by refer-
ring to a flammability diagram. Figure B.1 shows a typical flam-
mability diagram that represents a mixture of a combustible
gas; an inert gas, nitrogen; and an oxidant, oxygen, at a given
temperature and pressure.

A mixture of air (79 percent N2 and 21 percent O2, by
volume) and combustible gas is represented by the line
formed by points DABE. A given mixture of the combustible
gas and air, whether ignitible or not, is specified by a point on
this line. Point A indicates the upper flammable limit of this
mixture, and point B represents its lower flammable limit.

Any point within the area bounded by FBCAGF is in the flam-
mable range and can be ignited. Any point outside this area rep-
resents a mixture that cannot be ignited. Point C represents the

limiting oxidant concentration to prevent ignition; any mixture
containing less oxygen cannot be ignited. (See Annex C.)

Any mixture of oxygen and combustible gas alone (i.e., with-
out nitrogen) is represented by the left side of the triangle. Any
mixture of nitrogen and combustible gas alone (i.e., without oxy-
gen) is represented by the right side of the triangle.

B.2 Effect of Pressure and Temperature. As shown in Figure
B.2, pressure and temperature can have an effect on the flamma-
bility diagram. An increase in pressure results in an increase in
the upper flammable limit and a decrease in the limiting oxidant
concentration points C, C’, and C”, to prevent ignition. There is a
slight decrease on the lower flammable limit, but the effect is not
as pronounced as that of the upper limit.

An increase in temperature has a similar effect on the flam-
mability diagram.

The exact effects on a system produced by changes in pres-
sure or temperature should be determined for each system.

Nitrogen
(inert)
100%

Oxygen
100%

Combustible gas
100%

D

Flammable range

Nonflammable 
range

21%

A

B

CX

E

F

G

 

FIGURE B.1 Typical Flammability Diagram.

Oxygen
100%

Nitrogen
100%

Combustible gas
100%

E

G

D

G ¢

G≤

F
F ¢

F≤
A B

C
C ¢

C≤

FIGURE B.2 Effect of Pressure on Flammability Diagram.
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B.3 Effect of Inert Diluents. The addition of an inert diluent
to a mixture of combustible material and oxidant affects the
lower and upper flammable limits and the limiting oxidant
concentration. Figure B.3 illustrates the effect of some typical
diluents on the flammability limits of methane. Figure B.3
shows that nitrogen is more effective than helium and that
carbon dioxide is more effective than nitrogen.

B.4 Oxidant Concentration Reduction. In Figure B.1, point X
represents an arbitrary mixture of flammable gas, oxygen, and
nitrogen that lies well within the flammable range. If the com-
position of the mixture is to be changed so that it lies outside
the flammable range, one method that can be used is to re-
duce the concentration of oxidant. As the concentration of
oxygen decreases, the concentration of nitrogen increases.
Point X, in effect, moves toward the inert gas apex.

B.5 Combustible Concentration Reduction. In Figure B.1,
with point X in the flammable range, the composition of the
mixture might be altered by reducing the concentration of
flammable gas. In simpler terms, point X moves away from the
flammable gas apex and eventually drops below the lower
flammability line FBC.

B.6 Mixtures of Gases. Where mixtures of two or more flam-
mable gases are encountered, the limits of flammability of the

mixture can often be reliably predicted by using the following
formulas suggested by Le Chatelier:

LFL = 

LFL LFL LFL1 2

P P P
P P P

n

n

n

1 2

1 2

+ + +

+ + +

�

�
(B.6a)

UFL = 

UFL UFL UFL1 2

P P P
P P P

n

n

n

1 2

1 2

+ + +

+ + +

�

�
(B.6b)

where:
LFL = lower flammable limit

P 1 … Pn = volume fractions of components 1, 2,
3, …, n of the mixture

LFL1 … LFLn = lower flammable limits of components 1,
2, 3, …, n of the mixture

UFL = upper flammable limit
UFL1… UFLn = upper flammable limits of components 1,

2, 3, …, n of the mixture

B.7 Flammable Limits of Fuel/Diluent Mixtures. A number of
estimation methods have been proposed for diluted mixtures
with varying success. None of these methods should be consid-
ered appropriate for unstable materials or oxygen-enriched at-
mospheres. Where flammable limits of the fuel components are
known by test, the thermal balance method of Ma (2011) first
derives a heating factor, HF, and a quenching factor, QF, from the
flammable limits for each component and then uses a molar av-
erage of these two factors to estimate the flammable limits of the
mixture. For fuel-only mixtures, this method is equivalent to Le
Chatelier’s method and has the same limitations with respect to
mixtures having widely varying adiabatic flame temperatures
(ADTs). Diluents are treated as fuels without a heating factor
using a molar ratio, R, of diluent to fuel. The estimated flam-
mable limits, XL and XU, apply to the diluted mixture.

B.7.1 Derivation of Heating and Quenching Factors for a
Fuel Component. A thermal balance of heating and quenching
potentials is established for a fuel component, according to the
following two equations where the heating factor, HF, is equal to
the stoichiometric amount of oxygen consumed by combustion,
CO, multiplied by the heat of oxidation specific to the fuel, HO.
QF is the fuel quenching factor relative to air. The first equation is
at the lower flammable limit where the amount of fuel controls
the limit, and the second equation is at the upper flammable
limit where the amount of oxygen controls the limit. In both
equations the second term on the left-hand side is the quenching
effect of heating the combustion air. The factor 4.773 is the in-
verse of 0.2095, the mole fraction of oxygen in air.

x Q x x H x C HL F L L F L O O+ −( ) = =1 (B.7.1a)

x Q x
x

HU F U
U

O+ −( ) =
−( )

1
1

4 773.
(B.7.1b)

A simultaneous solution of equations B.7.1a and B.7.1b,
for fuel components with known LFL and UFL, results in
heating factors and quenching factors, as in equations
B.7.1c and B.7.1d.

H
x x

C x x
x xO

U L

O U L
U L

= −

−
−( )1
4 773.

(B.7.1c)

Q
x

C HF
L

O O= − +1
1 (B.7.1d)
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FIGURE B.3 Limits of Flammability of Methane–Inert Gas–
Air Mixtures at 25°C (77°F) and Atmospheric Pressure.
(Source: J. F. Coward and G. W. Jones, “Limits of Flammability
of Gases and Vapors.”)
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B.7.2 Derivation of LFL and UFL for a Fuel-Only Mixture.
For fuel-only mixtures, the component concentrations are
identified as zF,i. More typically these would be indicated as yi,
since the materials are in gas phase. Fuel mixture heating and
quenching factors are determined as molar averages of the
fuel components, as in equations B.7.2a through B.7.2d.

C
z C

zO mix

F i O i
i

F i
i

,

, ,

,

=
( )∑
∑

(B.7.2a)
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z H
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∑

∑
(B.7.2b)
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z Q
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For a fuel-only mix, the upper and lower flammability limits
are as in equations B.7.2e and B.7.2f:

x
H QL, fuel mix

F,mix F,mix

 = 
 + 

 
1

1 −
(B.7.2e)

x
H

H Qu, fuel mix
o, mix

o, mix F, mix
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/

/

4 773 1

4 773 1

.

.

( ) −
− +( )

(B.7.2f)

B.7.2.1 Example of the Estimation of a Fuel Mixture LFL and
UFL. For a mixture of three fuel components, as in Table B.7.2.1,
the flammable limits are estimated using both Le Chatelier’s
method as in B.6 and the thermal balance method of Ma. LFL
and UFL data are from NFPA 497, Recommended Practice for the
Classification of Flammable Liquids, Gases, or Vapors and of Hazardous
(Classified) Locations for Electrical Installations in Chemical Process Ar-
eas. The calculations are shown following the table with more
than appropriate significant digits to illustrate the minor differ-
ences.

For Le Chatelier’s method:

LFL  = 
 + 0.208 + 

0.635
2.0

 +  + 
 

0 635 0 157
0 208

3 3
0 157

1 1

. .
.

.
.

.
==  1 9111. vol%

(B.7.2.1a)

UFL  = 
 + 0.208 + 

0.635
.

 +  + 

0 635 0 157

11 5
0 208
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. .
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.
.

.11
11 328=  . vol%

(B.7.2.1b)

For Ma’s method, illustrating the evaluation of Ho and QF
for ethyl acetate:

Ho  = 
0.115 −
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( )( )( ) ( )( )
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For Ma’s method, illustrating the evaluation of the mixture
stoichiometric ratio, heating factor, heat of oxidation, and
quenching factor:

CO mix,

. ( ) . ( ) . ( )
. . .

.

= + +
+ +

=

0 635 5 0 208 3 0 157 9
0 635 0 208 0 157

5 212

(B.7.2.1e)
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HO mix,

.

.
.= =63 4722

5 212
12 1781 (B.7.2.1g)

Q F mix,
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+

0 635 11 9628 0 208 6 3525
0 157 20 5656

0 635 0

 

.. .
.

208 0 157
12 1465

+
=

(B.7.2.1h)

Table B.7.2.1 Estimation of Flammable Limits of a Fuel Mixture

Fuel ZF,i

LFL
vol%

UFL
vol% Co Ho HF QF

Ethyl Acetate 0.635 2.0 11.5 5 12.1926 60.9628 11.9628
Ethanol 0.208 3.3 19.0 3 11.8852 35.6555 6.3525
Toluene 0.157 1.1 7.1 9 12.2750 110.4747 20.5656
Mixture Molar Averages 5.212 12.1781 63.4722 12.1465

Mixture Flammability Limits Le Chatelier Ma

LFL vol% 1.9111 1.9111
UFL vol% 11.328 11.326
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Finally, for Ma’s method:

x
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L fuel mix, . .
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(B.7.2.1i)
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0 111326 11 326= . % vol

(B.7.2.1j)

B.7.3 Derivation of LFL and UFL for a Single Fuel–Single
Diluent Mixture. For a single fuel and single diluent, the fuel is
ZF and the diluent is ZD. At the lower limit, these are ZF,L and
Z

D,L
and at the upper limit ZF,U and ZD,U. The fuel-only thermal

balance equations are modified as in equations B.7.3a and
B.7.3b. The third term on the left-hand side is again the
quenching effect of heating the combustion air.

z Q z Q z z z HF L F D L D F L D L F L F, , , , ,( )+ + − − =1 (B.7.3a)
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− −

1
1

4 773

(B.7.3b)

The quenching factor for the diluent, QD, is the ratio of the
enthalpy change for the diluent, divided by that for air, over
the range from ambient to the AFT at the corresponding
lower or upper flammable limit. The AFTs at the LFL and UFL
are lower than that at the stoichiometric concentration. De-
pending on the chosen flame temperature, the quenching fac-
tor can vary. Table B.7.3 shows quenching factors for a number
of common diluents as well as air and CCl4. The factors are
slightly different than those in Ma (2011) and were developed
based on the enthalpy change associated with increasing the
temperature from 298 K to the listed AFT, using a Peng-
Robinson equation of state.

In the table, one gas (CO2) is listed with a quenching factor
somewhat larger than determined by the enthalpy ratio. Sen-
ecal (2005) determined in suppression tests that CO2 was on
the order of 9 percent more effective than anticipated, and
the quenching potentials for CO2 are modified to be 9 per-
cent larger, thus 1.75 at AFT of 1600 K. For hydrocarbon fuel
mixtures, assuming an AFT of 1600 K is appropriate.

Equations B.7.3a and B.7.3b are more readily solved if the
mole fraction of diluent is replaced with a ratio, R, to the fuel
and the sum of zF and zD is recognized to be the total concen-
tration of the diluted fuel mixture at the flammable limits.

R
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z

z
D L

F L

D U

F U
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(B.7.3c)

z z x and z z xF L D L L F U D U U, , , ,+ = + =  (B.7.3d)

This leads to relations for zF and zD, shown below at the
lower limit:

z
x

RF L
L

, =
+1

(B.7.3e)

z
Rx

RD L
L

, =
+1

(B.7.3f)

The fuel mole fractions are summed, as are the diluent
mole fractions:

z zF F i
i

= ∑ , (B.7.3g)

z zD D i
i

= ∑ , (B.7.3h)

Where there is more than a single fuel component, the
fuel-mixture properties are first evaluated based on molar av-
erages, as in B.7.2. Similarly where there is more than a single
diluent, the quenching factor for multiple diluents is first
evaluated based on molar averages, as in Equation B.7.3i.
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Substituting the above relations into equations B.7.3a and
B.7.3b gives the diluted mixture LFL and UFL in equations
B.7.3j and B.7.3k.
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This method does not predict the typical nose of a flamma-
bility curve, but instead models two straight lines intersecting
at the stoichiometric oxidant concentration, as in Figure B.7.3
for methane with argon or CO2 diluent. Ma (2011) provides
options to refine the estimation of limits near the nose.

Evaluating the two limits separately can result in predicted
UFL less than predicted LFL. When the predicted LFL and
UFL are equal, this is the limit of the calculation, as seen in
Figure B.7.3, and the mixture can conservatively be consid-
ered non-combustible.

Table B.7.3 Quenching Factors for Some Gaseous Diluents

AFT (K) Air He Ar N2 O2 CO2 H2O CCl4

1300 1.000 0.658 0.658 0.995 1.053 1.726 1.233 3.200
1600 1.000 0.643 0.643 0.996 1.052 1.751 1.259 3.166
1850 1.000 0.633 0.633 0.996 1.050 1.765 1.282 3.138
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B.7.3.1 Example of the Estimation of a Diluted Methane Mix-
ture LFL and UFL. For a mixture of methane with various single
diluents, Table B.7.3.1 lists the diluent ratio and the concentra-
tion of methane and diluents at the mixture LFL and UFL. Only
the pure fuel limits and the intersection of the LFL curve with the
UFL curve are necessary to construct the straight-line diagram.

B.7.3.2 Comparison to Figure B.3. The methodology of Ma
can be used to develop a comparison to the data of Coward
and Jones (1952), shown in Figure B.3. With the above recom-
mended quench factors, the method follows the trend of Fig-
ure B.3, as in Figure B.7.3.2, and is generally conservative with
predicted LFL lower and UFL higher t han the data.

B.7.4 Other methods have been proposed by Kondo (2006)
and Kondo (2008).
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FIGURE B.7.3 Methane with Argon or CO2 Diluent (Ma
[2011], Figure 5[a]).

Table B.7.3.1 Estimation of Flammable Limits of Methane Diluted with CO2

Pure Fuel 75% Fuel 50% Fuel 25% Fuel Intersection

Total Fuel Molar Flow (or Fraction) 1 0.75 0.5 0.25 0.1563
Total Diluent Molar Flow (or Fraction) 0 0.25 0.5 0.75 0.8437
Total Stream Molar Flow (or Fraction) 1 1 1 1 1

Fuel-Only Mixture Parameters
Mixture Stoichiometric Oxygen Ratio, Co, mix 2 2 2 2 2
Mixture Heating Factor, Hf, mix 32.810 32.810 32.810 32.810 32.810
Mixture Heat of Oxidation, Ho, mix 16.405 16.405 16.405 16.405 16.405
Mixture Quenching Factor, Qf,mix 13.810 13.810 13.810 13.810 13.810

Diluent Mixture Parameters
Dilution Ratio = Molar Diluent/Molar Fuel 0 0.3333 1.0000 3.0000 5.3992
Diluent Mixture Quenching Factor, QD,mix 0 1.7510 1.7510 1.7510 1.7510

Diluted Mixture LFL 0.05 0.0675 0.1039 0.2254 0.4013
Fuel Mole Fraction at Diluted Mixture LFL 0.05 0.0506 0.0520 0.0563 0.0627
Diluent Mole Fraction at Diluted Mixture LFL 0 0.0169 0.0520 0.1690 0.3386

Diluted Mixture UFL 0.15 0.1842 0.2385 0.3383 0.4013
Fuel Mole Fraction at Diluted Mixture UFL 0.15 0.1381 0.1193 0.0846 0.0627
Diluent Mole Fraction at Diluted Mixture

UFL
0 0.0460 0.1193 0.2538 0.3386
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FIGURE B.7.3.2 Comparison of Predicted Flammability
Limits to Data for Methane-Inert Gas-Air Mixtures.
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Annex C Limiting Oxidant Concentrations

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

C.1 General. Table C.1(a) and Table C.1(b) provide values
for limiting oxidant concentration (LOC) using nitrogen, car-
bon dioxide, and inert dust as the diluent. Table C.1(a) pro-
vides LOC values for flammable gases, and Table C.1(b) pro-
vides data for combustible dust suspensions.

Table C.1(a) Limiting Oxidant Concentrations for Flammable Gases When Nitrogen or Carbon Dioxide Are Used as Diluents

Updated or (Adjusted) Data Original Data

N2-Air Mixture CO2-Air Mixture N2-Air Mixture CO2-Air Mixture

Gas/Vapor LOC Note LOC Note LOC Note LOC Note

Paraffins (alkanes)
Methane 11.1 a (13.1) b 12.1 b 14.6 b
Ethane (9.5) b (11.9) b 11.0 b 13.4 b
Propane 10.7 a (12.8) b 11.4 b 14.3 b
n-Butane (10.6) b (13.0) b 12.1 b 14.5 b
Isobutane

(methylpropane)
(10.5) b (13.3) b 12.0 b 14.8 b

n-Pentane (10.6) b (12.9) b 12.1 b 14.4 b
Isopentane

(2-methylbutane)
(10.5) c (13.0) c 12.0 c 14.5 c

n-Hexane (10.4) b (13.0) b 11.9 b 14.5 b
n-Heptane (10.0) c (13.0) c 11.5 c 14.5 c

Cycloparaffins
(cycloalkanes,
naphthenes)

Cyclopropane (10.2) b (12.4) b 11.7 b 13.9 b

Olefins (alkenes)
Ethylene (ethene) 8.5 a (10.2) b 10.0 b 11.7 b
Propylene (propene) (10.0) b (12.6) b 11.5 b 14.1 b
α-butylene (1-butene) (10.1) b (12.5) b 11.6 b 14.0 b
Isobutylene

(2-methylpropene)
(10.5) c (13.5) c 12.0 c 15.0 c

Isopentene
(3-methyl-1-butene)

(10.0) c (12.5) c 11.5 c 14.0 c

Diolefins (dienes)
1,3-Butadiene (8.9) b (11.6) b 10.4 b 13.1 b

Aromatics
Benzene 11.4 d (12.4) b 11.4 d 13.9 b
Ethylbenzene 9.0 d, || — — 9.0 d, || — —
Diethylbenzene 8.5 d, ## — — 8.5 d, ## — —
Divinylbenzene 8.5 d, ## — — 8.5 d, ## — —
Toluene 9.5 e, † — — 9.5 e, † — —
Vinyltoluene 9.0 d, # — — 9.0 d, # — —
Styrene (phenylethene) 9.0 d, †† — — 9.0 d, †† — —

Alcohols
Methyl alcohol

(methanol)
(8.5) c (10.5) c 10.0 c 12.0 c

Ethyl alcohol (ethanol) (9.0) c (11.5) c 10.5 c 13.0 c
Ethyl alcohol (ethanol) 8.7 e, † — — 8.7 e, † — —
n-Propyl alcohol

(n-propanol)
8.6 e, † — — 8.6 e, † — —

Isopropyl alcohol
(2-propanol)

9.5 f, † — — 9.5 f, † — —

t-Butyl alcohol
(t-butanol)

— — (15.0) c, § — — 16.5 c, §

Isobutyl alcohol
(2-methyl-1-propanol)

9.1 e, † — — 9.1 e, † — —

Isohexyl alcohol
(2-ethyl-1-butanol)

(7.9) c, § — — 9.3 c, § — —

Esters
Methyl formate (8.5) c (11.0) c 10.0 c 12.5 c
Methyl acetate (9.5) c (12.0) c 11.0 c 13.5 c
n-Propyl acetate 10.1 f, † — — 10.1 f, † — —
Isopropyl acetate 8.8 e, † — — 8.8 e, † — —
n-Butyl acetate 9.0 e, † — — 9.0 e, † — —
Isobutyl acetate 9.1 e, † — — 9.1 e, † — —
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Table C.1(a) Continued

Updated or (Adjusted) Data Original Data

N2-Air Mixture CO2-Air Mixture N2-Air Mixture CO2-Air Mixture

Gas/Vapor LOC Note LOC Note LOC Note LOC Note

Isobutyl formate (11.0) c (13.5) c 12.5 c 15.0 c

Ethers
Methyl ether (9.0) c (11.5) c 10.5 c 13.0 c
Ethyl ether (9.0) c (11.5) c 10.5 c 13.0 c
Propylene oxide (6.6) g — — 7.8 g —

Ketones
Acetone (10.0) c (12.5) c 11.5 c 14.0 c
Methyl ethyl ketone (9.5) c (12.0) c 11.0 c 13.5 c

Organo-chlorides
n-Butyl chloride (12.5) c — — 14.0 c — —

(10.5) b, ‡ — — 12.0 b, ‡ — —
Methylene chloride (17.5) b, ** — — 19.0 b, ** — —

(15.5) c, ‡ — — 17.0 c, ‡ — —
Ethylene dichloride (11.5) c — — 13.0 — —

(10.0) b, ‡ (15.0) b, ‡ 11.5 b, ‡ 16.5 b,‡
1,1,1-Trichloroethane (12.5) c — — 14.0 c — —
Trichloroethylene (7.7) c, ‡ — — 9.0 c, ‡ — —
Vinyl chloride 13.4 d, † — — 13.4 d, † — —
Vinylidene chloride 15.0 d — — 15.0 d — —

Inorganic Compounds
Carbon disulfide (4.3) c (6.4) c 5.0 c 7.5 c
Carbon monoxide (in

air)
5.1 a (5.1) c 5.5 c 5.5 c

Hydrogen (in air) 4.6 a (4.6) c 5.0 c 5.2 c
Hydrogen sulfide (in

air)
(6.4) c (10.0) c 7.5 c 11.5 c

Miscellaneous
nitrogen-containing
compounds

UDMH (1,1-dimethyl
hydrazine)

(6.0) c — — 7.0 c — —

Commercial Fuels
Motor Gasolines
(70/100) (10.5) c (13.5) c 12.0 c 15.0 c
(100/130) (10.5) c (13.5) c 12.0 c 15.0 c
(115/145) (10.5) c (13.0) c 12.0 c 14.5 c

Aviation Fuels
Kerosene (8.5) c, § (11.5) c, § 10.0 c, § 13.0 c, §
JP-1 fuel (9.0) c, § (12.5) c, § 10.5 c, § 14.0 c, §
JP-3 fuel (10.5) c (13.0) c 12.0 c 14.5 c
JP-4 fuel (10.0) c (13.0) c 11.5 c 14.5 c

Natural gas
(Pittsburgh natural gas) (10.5) b (12.9) b 12.0 b 14.4 b

(a) 120-L apparatus – Zlochower and Green (2009).
(b) Flammability Tube – Bureau of Mines Bulletin 503, Table 44, J. F. Coward and G. W. Jones (1952).
(c) Flammability Tube – Bureau of Mines Bulletin 680, Table 11, J. M. Kuchta, A. L. Furno, A. Bartkowiak, and G. H. Martindill (1968).
(d) ~5-L Vessel, ASTM E681 – The Dow Chemical Company (Unpublished).
(e) ~5-L Vessel, ASTM E2079 – L.G. Britton, “Using Heats of Oxidation to Evaluate Flammability Hazards,” Process Safety Progress (2002).
(f) ~5-L Vessel, ASTM E2079 – L.G. Britton, The Dow Chemical Company, 1999 (Unpublished Report).
(g) R.M. Jones, “Reducing the Inflammability of Fumigants with Carbon Dioxide,” Ind. Eng. Chem., Vol. 25, 1933, pp 394-396.
*All experiments performed at 25°C unless otherwise indicated.
**Experiments performed at 30°C.
†Experiments performed at 60°C.
||Experiments performed at 70°C.
††Experiments performed at 73°C.
‡Experiments performed at 100° C.
#Experiments performed at 105°C.
##Experiments performed at 114°C.
§Experiments performed at 150°C.
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Table C.1(b) Limiting Oxidant Concentrations for
Combustible Dust Suspensions When Using Nitrogen
as a Diluent

Dust

Median Particle
Diameter
by Mass

(µm)

LOC (Volume %
O2 Above Which
Deflagration Can

Take Place),
N2–Air Mixture

Cellulosic Materials
Cellulose 22 9
Cellulose 51 11
Wood flour 27 10

Food and Feed
Pea flour 25 15
Corn starch 17 9
Waste from malted

barley
25 11

Rye flour 29 13
Starch derivative 24 14
Wheat flour 60 11

Coals
Brown coal 42 12
Brown coal 63 12
Brown coal 66 12
Brown coal

briquette dust
51 15

Bituminous coal 17 14
Plastics, Resins, Rubber

Resin <63 10
Rubber powder 95 11
Polyacrylonitrile 26 10
Polyethylene, h.p. 26 10

Pharmaceuticals,
Pesticides
Amino-phenazone <10 9
Methionine <10 12

Intermediate Products,
Additives
Barium stearate <63 13
Benzoyl peroxide 59 10
Bisphenol A 34 9

Table C.1(b) Continued

Dust

Median Particle
Diameter
by Mass

(µm)

LOC (Volume %
O2 Above Which
Deflagration Can

Take Place),
N2–Air Mixture

Cadmium laurate <63 14
Cadmium stearate <63 12
Calcium stearate <63 12
Methyl cellulose 70 10
Dimethyl

terephthalate
27 9

Ferrocene 95 7
Bistrimethyl-

silyl-urea
65 9

Naphthalic acid
anhydride

16 12

2-Naphthol <30 9
Paraform-aldehyde 23 6
Pentaerythritol <10 11

Metals, Alloys
Aluminum 22 5
Calcium/aluminum

alloy
22 6

Ferrosilicon
magnesium alloy

17 7

Ferrosilicon alloy 21 12
Magnesium alloy 21 3

Other Inorganic Products
Soot <10 12
Soot 13 12
Soot 16 12

Others
Bentonite derivative 43 12

Source: R. K. Eckhoff, Dust Explosions in the Process Industries, 2003.
Note: The data came from 1 m3 and 20 L chambers using strong
chemical igniters.

C.2 General. Table C.2 provides data on the concentration of
inert dust required to inert selected combustible dusts.

Table C.2 Inerting of Dust Clouds by Mixing the Combustible Dust with Inert Dust

Combustible Dust Inert Dust

Dust

Median Particle
Size by Mass

(µm) Type of Dust

Median Particle
Size by Mass

(µm)

Minimum Mass %
Inert of Total Mass

Required for Inerting

Methyl cellulose 70 CaSO4 <15 70
Organic pigment <10 NH4H2PO4 29 65
Bituminous coal 20 14 65
Bituminous coal 20 NaHCO3 35 65
Sugar 30 NaHCO3 35 50

Source: R. K. Eckhoff, Dust Explosions in the Process Industries, 2003.
Note: Data were obtained from tests conducted in 1 m3 Standard ISO (1985) vessel with a 10 kJ chemical igniter.
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