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IMPORTANT NOTICE ABOUT THIS DOCUMENT

NFPA codes, standards, recommended practices, and guides, of which the document contained herein is one, are
developed through a consensus standards development process approved by the American National Standards Institute.
This process brings together volunteers representing varied viewpoints and interests to achieve consensus on fire and other
safety issues. While the NFPA administers the process and establishes rules to promote fairness in the development of
consensus, it does not independently test, evaluate, or verify the accuracy of any information or the soundness of any
judgments contained in its codes and standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this document available, the NFPA is not undertaking to render professional or other services for
or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity to
someone else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, seek
the advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the NFPA list, certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or other statement of compliance with the requirements of this document shall not be attributable to the
NFPA and is solely the responsibility of the certifier or maker of the statement.

NOTICES

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

Users of this document should be aware that this document may be amended from time to time through the issuance of
Tentative Interim Amendments, and that an official NFPA document at any point in time consists of the current edition of
the document together with any Tentative Interim Amendments then in effect. In order to determine whether this
document is the current edition and whether it has been amended through the issuance of Tentative Interim
Amendments, consult appropriate NFPA publications such as the National Fire Codes  Subscription Service, visit the NFPA
website at www.nfpa.org, or contact the NFPA at the address listed above.

A statement, written or oral, that is not processed in accordance with Section 5 of the Regulations Governing Committee
Projects shall not be considered the official position of NFPA or any of its Committees and shall not be considered to be,
nor be relied upon as, a Formal Interpretation.

The NFPA does not take any position with respect to the validity of any patent rights asserted in connection with any
items which are mentioned in or are the subject of this document, and the NFPA disclaims liability for the infringement of
any patent resulting from the use of or reliance on this document. Users of this document are expressly advised that
determination of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own
responsibility.

Users of this document should consult applicable federal, state, and local laws and regulations. NFPA does not, by the
publication of this document, intend to urge action that is not in compliance with applicable laws, and this document may
not be construed as doing so.
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2002 Edition

This edition of NFPA 69, Standard on Explosion Prevention Systems, was prepared by the
Technical Committee on Explosion Protection Systems, and acted on by NFPA at its May
Association Technical Meeting held May 19–23, 2002, in Minneapolis, MN. It was issued by
the Standards Council on July 19, 2002, with an effective date of August 8, 2002, and super-
sedes all previous editions.

This edition of NFPA 69 was approved as an American National Standard on July 19, 2002.

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

systems. These standards would include 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 NFPA Annual
Meeting 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 includes new information on spark detection and extinguish-
ment system design. A reorganization of the protection methods now reflects a hierarchy
based upon the degree of explosion prevention. The LOC values for gases and vapors in
Annex C have been updated based upon recent research. The standard has been revised to
reflect NFPA Manual of Style requirements.

69–1

Full document details: NFPA 69 2002

http://www.avadocuments.com/doc/nfpa-69-2002
http://www.avadocuments.com/doc/nfpa-69-2002


Technical Committee on Explosion Protection Systems

David C. Kirby, Chair
Dow Corporation, WV [U]

Richard F. Schwab, Vice Chair
Honeywell, Inc., NJ [U]

Luke S. Morrison, Secretary
Professional Loss Control Inc., Canada [SE]

Joe R. Barton, Fountaintown, IN [SE]
William J. Bradford, Brookfield, CT [SE]
Reinhard E. Bruderer, Pred-Engineering Inc., FL [U]

Rep. Ciba-Geigy Corporation
Kenneth L. Cashdollar, U.S. National Institute of
Occupational Safety & Health, PA [RT]
Kris Chatrathi, Fike Corporation, MO [M]
Henry L. Febo, Jr., FM Global, MA [I]
Mark A. Fry, Mark A. Fry & Associates, Inc., NJ [SE]
Joseph P. Gillis, Westboro, MA [SE]
Stanley S. Grossel, Process Safety & Design, Inc., NJ [SE]
Dan A. Guaricci, ATEX Explosion Protection L.P., FL [M]
Michael D. Hard, Hard Fire Suppression Systems, Inc.,
OH [IM]

Rep. Fire Suppression Systems Association
David D. Herrmann, E.I. duPont de Nemours & Co., DE
[U]
Walter B. Howard, Omaha, NE [SE]

George Lobay, Canada Department of Natural
Resources, Canada [E]
R. A. Mancini, BP Amoco Corporation, IL [U]

Rep. American Petroleum Institute
Steven A. McCoy, National Starch & Chemical Co., IN [U]

Rep. NFPA Industrial Fire Protection Section
Robert W. Nelson, Pocasset, MA [I]

Rep. Industrial Risk Insurers
John Joseph Plunkett, U.S. Coast Guard, DC [E]
Mitchel L. Rooker, BS&B Safety Systems, OK [M]
Kevin Sheddrick, Engineered Storage Products Co., KS
[M]
Timothy F. Simmons, Eastman Kodak Company, NY [U]
Bill Stevenson, Cv Technology, Inc., FL [M]
Stephen M. Stuart, Marsh USA, Inc., MI [I]
Erdem A. Ural, Fenwal Safety Systems, MA [M]
Roy A. Winkler, Solutia Inc., MO [U]
Robert G. Zalosh, Worcester Polytechnic Institute, MA
[SE]

Alternates

Laurence G. Britton, Union Carbide Corporation, WV [U]
(Alt. to D. C. Kirby)

Gary A. Chubb, Chubb Engineering, KS [M]
(Alt. to K. Sheddrick)

David G. Clark, E. I. duPont de Nemours & Co., DE [U]
(Alt. to D. D. Herrmann)

Ettore Contestabile, Canadian Explosives Research
Laboratory/CANMET, Canada [E]

(Alt. to G. Lobay)
Thomas A. Gray, Akzo Nobel Inc., IL [U]

(Alt. to S. A. McCoy)
Edward J. Haas, Jr., Marsh USA, Inc., NY [I]

(Alt. to S. M. Stuart)

Paul F. Hart, Industrial Risk Insurers, IL [I]
(Alt. to R. W. Nelson)

George A. Krabbe, Automatic Fire Controls, Inc., AZ [IM]
(Alt. to M. D. Hard)

Arnold L. Mundt, BS&B Safety Systems, OK [M]
(Alt. to M. L. Rooker)

Samuel A. Rodgers, Honeywell, Inc., VA [U]
(Alt. to R. F. Schwab)

Joseph A. Senecal, Fenwal Safety Systems, MA [M]
(Alt. to E. A. Ural)

Nonvoting

Vladimir Molkov, University of Ulster at Jordanstown,
United Kingdom [SE]

Harry Verakis, U.S. Dept. of Labor, WV

Guy R. Colonna, NFPA Staff Liaison

Committee Scope: This Committee shall have primary responsibility for documents on explosion protection
systems for all types of equipment and for buildings, except pressure venting devices designed to protect
against overpressure of vessels such as those containing flammable liquids, liquefied gases, and compressed
gases under fire exposure conditions, as now covered in existing NFPA standards.

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

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

69–2 EXPLOSION PREVENTION SYSTEMS

2002 Edition

Full document details: NFPA 69 2002

http://www.avadocuments.com/doc/nfpa-69-2002
http://www.avadocuments.com/doc/nfpa-69-2002


Contents

Chapter 1 Administration ................................. 69– 4
1.1 Scope. (Reserved) ................................ 69– 4
1.2 Purpose .............................................. 69– 4
1.3 Application ......................................... 69– 4
1.4 Retroactivity ........................................ 69– 4
1.5 Equivalency ......................................... 69– 4

Chapter 2 Referenced Publications .................... 69– 4
2.1 General .............................................. 69– 4
2.2 NFPA Publications ................................ 69– 4
2.3 Other Publications ................................ 69– 4

Chapter 3 Definitions ...................................... 69– 5
3.1 General .............................................. 69– 5
3.2 NFPA Official Definitions ....................... 69– 5
3.3 General Definitions ............................... 69– 5

Chapter 4 General Requirements ....................... 69– 6
4.1 Methods ............................................. 69– 6
4.2 Limitations ......................................... 69– 6
4.3 Factors to Be Considered ....................... 69– 6
4.4 Plans ................................................. 69– 6
4.5 Acceptance Test ................................... 69– 7
4.6 Inspection and Maintenance ................... 69– 7

Chapter 5 Deflagration Prevention by Oxidant
Concentration Reduction ................... 69– 7

5.1 Application ......................................... 69– 7
5.2 Design and Operating Requirements ........ 69– 7
5.3 Purge Gas Sources ................................ 69– 7
5.4 Purge Gas Conditioning ......................... 69– 7
5.5 Piping Systems ..................................... 69– 8
5.6 Application of Purge Gas at Points of

Use ................................................... 69– 8
5.7 Instrumentation ................................... 69– 8

Chapter 6 Deflagration Prevention by
Combustible Concentration
Reduction ....................................... 69– 9

6.1 Application ......................................... 69– 9
6.2 Basic Design Considerations ................... 69– 9
6.3 Design and Operating Requirements ........ 69– 9
6.4 Instrumentation ................................... 69– 9

Chapter 7 Deflagration Prevention by Hot
Particle Detection and
Intervention Systems ......................... 69– 9

7.1 Application ......................................... 69– 9
7.2 Limitations ......................................... 69– 9
7.3 Spark Detection and Spark

Extinguishing System Design
Considerations ..................................... 69– 9

7.4 Testing ............................................... 69–10

7.5 Spark Detection and Spark
Extinguishing System Inspection
and Maintenance ................................. 69–10

Chapter 8 Deflagration Control by Suppression ..... 69–10
8.1 Application ......................................... 69–10
8.2 Limitations ......................................... 69–10
8.3 Personnel Safety ................................... 69–11
8.4 Basic Design Considerations ................... 69–11
8.5 Power/Control Units ............................. 69–11
8.6 Detectors ............................................ 69–11
8.7 Electrically Fired Initiators ...................... 69–11
8.8 Suppressant and Suppressant Storage

Containers .......................................... 69–11
8.9 Installation .......................................... 69–11
8.10 Electrical ............................................ 69–12
8.11 Inspection and Maintenance of

Deflagration Suppression Systems ............ 69–12
8.12 Procedures After System Actuation ........... 69–12

Chapter 9 Deflagration Control by Isolation ......... 69–12
9.1 Application ......................................... 69–12
9.2 Rotary Valves ....................................... 69–12
9.3 Flame Arresters .................................... 69–12
9.4 Automatic Fast-Acting Valve Systems ......... 69–13
9.5 Flame Front Diverters ............................ 69–14
9.6 Chemical Isolation Systems ..................... 69–14
9.7 Liquid Seals ........................................ 69–15

Chapter 10 Deflagration Control by Pressure
Containment .................................. 69–15

10.1 Application ......................................... 69–15
10.2 Design Limitations ................................ 69–15
10.3 Design Bases ....................................... 69–16
10.4 Maintenance ....................................... 69–17
10.5 Threaded Fasteners .............................. 69–17
10.6 Inspection After a Deflagration ................ 69–17

Annex A Explanatory Material ........................... 69–17

Annex B Control of Flammable Gas Mixtures
by Oxidant Concentration
Reduction and Combustible
Concentration Reduction ..................... 69–22

Annex C Limiting Oxidant Concentrations ........... 69–23

Annex D Ventilation Calculations ....................... 69–27

Annex E Purging Methods ................................ 69–29

Annex F Informational References ..................... 69–31

Index ............................................................. 69–32

69–3CONTENTS

2002 Edition

Full document details: NFPA 69 2002

http://www.avadocuments.com/doc/nfpa-69-2002
http://www.avadocuments.com/doc/nfpa-69-2002


NFPA 69

Standard on

Explosion Prevention Systems

2002 Edition
NOTICE: An asterisk (*) following the number or letter desig-
nating a paragraph indicates that explanatory material on the
paragraph can be found in Annex A.

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, Annex F lists the complete
title and edition of the source documents for both mandatory
and nonmandatory extracts. Editorial changes to extracted
material consist of revising references to an appropriate divi-
sion in this document or the inclusion of the document num-
ber with the division number when the reference is to the
original document. Requests for interpretations or revisions
of extracted text shall be sent to the appropriate technical
committee.

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

Chapter 1 Administration

1.1 Scope. (Reserved)

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 having
jurisdiction.

1.3 Application.

1.3.1 This standard shall apply to systems and equipment
used for the prevention of explosions by the prevention or
control of deflagrations.

1.3.2 This standard shall not apply to following:

(1) Devices or systems designed to protect against detona-
tions

(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 the following:
(a) NFPA 86, Standard for Ovens and Furnaces
(b) NFPA 86C, Standard for Industrial Furnaces Using a Spe-

cial Processing Atmosphere

(c) NFPA 86D, Standard for Industrial Furnaces Using
Vacuum as an Atmosphere

(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, P.O. Box 9101, Quincy, MA 02269-9101.

NFPA 70, National Electrical Code®, 2001 edition.
NFPA 72®, National Fire Alarm Code®, 1999 edition.
NFPA 86, Standard for Ovens and Furnaces, 1999 edition.
NFPA 86C, Standard for Industrial Furnaces Using a Special

Processing Atmosphere, 1999 edition.
NFPA 86D, Standard for Industrial Furnaces Using Vacuum as

an Atmosphere, 1999 edition.
NFPA 651, Standard for the Machining and Finishing of Alumi-

num and the Production and Handling of Aluminum Powders, 1998
edition.

2.3 Other Publications.

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

ASME Boiler and Pressure Vessel Code, Section VIII, 1998.

ASME B31.3, Process Piping, 1999.
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2.3.2 ASTM Publication. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxi-
dant) Concentration for Gases and Vapors, 2000.

2.3.3 U.S. Government Publications. U.S. Government Print-
ing Office, Washington, DC 20402.

Title 30, Code of Federal Regulations, Part 75.

Title 33, Code of Federal Regulations, Part 154, “Waterfront
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.

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
included, common usage of the terms shall apply.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2* Authority Having Jurisdiction (AHJ). The organiza-
tion, office, or individual responsible for approving equip-
ment, 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 au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards 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 shall be located in an
appendix or annex, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

3.3 General Definitions.

3.3.1 Blanketing (or Padding). The technique of maintain-
ing an atmosphere that is either inert or fuel-enriched in the
vapor 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. [68:3.3]

3.3.3 Combustible. Capable of undergoing combustion.

3.3.4 Combustible Dust. Any finely divided solid material,
420 microns or smaller in diameter (material passing a U.S.
No. 40 standard sieve), that presents a fire or deflagration
hazard. [654:1.5]

3.3.5* Combustible Particulate Solid. A combustible solid
material comprised of distinct particles or pieces, regardless of
size, shape, or chemical composition, that is capable of being
pneumatically conveyed.

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 mate-
rial 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. [68:3.3]

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 detect-
ing and arresting combustion in a confined space while the
combustion is still in its incipient stage, thus preventing the
development 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. [68:3.3]

3.3.12 Explosion. The bursting or rupture of an enclosure
or a container due to the development of internal pressure
from a deflagration.

3.3.13 Fast-Acting Valve. A valve that closes a path of defla-
gration propagation in a pipe or duct in response to upstream
detection of a deflagration.

3.3.14* 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.

3.3.15 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.

3.3.16 Flame Speed. The speed of a flame front relative to a
fixed reference point. Flame speed is dependent on turbu-

69–5DEFINITIONS

2002 Edition

Full document details: NFPA 69 2002

http://www.avadocuments.com/doc/nfpa-69-2002
http://www.avadocuments.com/doc/nfpa-69-2002


lence, the equipment geometry, and the fundamental burning
velocity. [68:3.3]

3.3.17* Flammable Limits. The minimum and maximum
concentrations of a combustible material in a homogeneous
mixture with a gaseous oxidizer that will propagate a flame.

3.3.17.1 Lower Flammable Limit (LFL). The lower flam-
mable limit is the lowest concentration of a combustible sub-
stance in an oxidizing medium that will propagate a flame.

3.3.17.2 Upper Flammable Limit (UFL). The upper flam-
mable limit is the highest concentration of a combustible sub-
stance in an oxidizing medium that will propagate a flame.

3.3.18 Flammable Range. The range of concentrations be-
tween the lower and upper flammable limits. [68:3.3]

3.3.19 Gas. The state of matter characterized by complete
molecular mobility and unlimited expansion; used synony-
mously with the term vapor. [68:3.3]

3.3.19.1 Inert Gas. A gas that is noncombustible and nonre-
active.

3.3.19.2 Purge Gas. An inert or a combustible gas that is con-
tinuously or intermittently added to a system to render the
atmosphere nonignitible.

3.3.20 Hybrid Mixture. A mixture of a flammable gas with
either a combustible dust or combustible mist. [68:3.3]

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

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

3.3.22.1 Chemical Isolation. A means of preventing flame
front and ignition from being conveyed past a predetermined
point by injection of a chemical suppressant.

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

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

3.3.22.4 Ignition Source Isolation. A method employing
equipment and procedures that interrupts the propagation of
an igniting medium past a predetermined point.

3.3.23* Limiting Oxidant Concentration (LOC). The concen-
tration of oxidant below which a deflagration cannot occur. Ma-
terials other than oxygen can act as the oxidants. [86:2.2]

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

3.3.25 Maximum Pressure (Pmax). The maximum pressure
developed in a contained deflagration for an optimum mix-
ture. [68:3.3]

3.3.26 Mist. A dispersion of fine liquid droplets in a gaseous
medium. [68:3.3]

3.3.27 Oxidant. Any gaseous material that can react with a
fuel (either gas, dust, or mist) to produce combustion. Oxy-
gen in air is the most common oxidant. [68:3.3]

3.3.28 Padding. See 3.3.1.

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

3.3.30 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.

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

3.3.32 Vapor. See 3.3.19.

3.3.33 Ventilation. The changing of an atmosphere of any
space by natural or mechanical means.

Chapter 4 General Requirements

4.1* 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.

4.1.1 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

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

(1) Spark extinguishing systems
(2) Deflagration suppression
(3) Isolation methods
(4) Deflagration pressure containment

4.2 Limitations. The limitations specific to each method shall
be considered and are specified in the corresponding chapter
for each method.

4.3 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

4.3.1 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

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

4.3.3 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.

4.4 Plans.

4.4.1 Plans, system specifications, and manufacturer’s rec-
ommendations for testing and maintenance shall contain
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information that enables the authority having jurisdiction
to evaluate the explosion hazard and the effectiveness of
the system.

4.4.2 Details of the plans shall include the following:

(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

4.5 Acceptance Test. All new system installations and modifi-
cations shall be tested or otherwise evaluated to confirm the
operational integrity of the system.

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

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

4.6* Inspection and Maintenance.

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

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

Chapter 5 Deflagration Prevention by Oxidant
Concentration Reduction

5.1 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.

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

5.1.2 Oxidant concentration reduction shall be permitted to be
applied to rooms or buildings, but one of the following shall ap-
ply, since oxygen-deficient atmospheres cannot sustain life:

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

paratus, as well as other safeguards.

5.2 Design and Operating Requirements.

5.2.1* 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) Leakage of purge gas to surrounding areas
(8) Need for breathing apparatus by personnel

5.2.2 Limiting Oxidant Concentrations (LOC).

5.2.2.1* Table C.1(a), Table C.1(b), and Table C.1(c) shall be
permitted to be used as a basis for determining limiting oxi-

dant concentrations of flammable gases or suspensions of
combustible dusts.

5.2.2.2 For fuel/inert/oxidant combinations not listed in
Table C.1(a), Table C.1(b), and Table C.1(c) or for situations
when the process conditions differ from the conditions under
which the existing data were obtained, the test methods de-
scribed in ASTM E 2079, Standard Test Method for Limiting Oxy-
gen (Oxidant) Concentration for Gases and Vapors, shall be permit-
ted to be used.

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

5.2.3 Use of Purge Gas Systems.

5.2.3.1 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.

5.2.3.2 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.

5.2.3.3 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.

5.2.3.4* 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.

5.3 Purge Gas Sources.

5.3.1 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.

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

(1) Commercially available inert gas, such as nitrogen, car-
bon 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

5.4 Purge Gas Conditioning.

5.4.1 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.
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5.4.2 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.

5.4.3 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.

5.5 Piping Systems. Purge gas distribution systems shall be
designed and installed in accordance with recognized engi-
neering practices.

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

5.5.2 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.

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

5.5.3.1 Blowdown connections for moisture traps shall be
provided.

5.5.3.2 Moisture traps shall be protected from freezing.

5.5.4 When flue gas or combustion gas is used, means shall
be provided to prevent propagation of flame into the sys-
tem being protected.

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

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

5.5.6.1 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.

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

5.5.7* 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.

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

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

5.6 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.

5.6.1 Multiple inlets and outlets shall be permitted.

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

5.7 Instrumentation.

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

5.7.1.1 Instrumentation shall be calibrated at scheduled
intervals.

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

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

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

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

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

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

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

equipment
(3) Probability and consequences of an explosion

5.7.2.5 One of the following requirements shall be met
where the oxygen concentration is continually monitored:

(1) A safety margin of at least 2 volume percent below the
worst credible case LOC shall be maintained.

(2) The LOC shall be less than 5 percent, in which case, the
equipment shall be operated at no more than 60 percent
of the LOC.

5.7.2.6 The requirement of 5.7.2.5 shall not apply to partial
oxidation processes.

5.7.2.7 Where the oxygen concentration is not continuously
monitored, all of the following requirements shall be met:

(1) The oxygen concentration shall be designed to operate at
no more than 60 percent of the LOC, or 40 percent of the
LOC if the LOC is below 5 percent.

(2) The oxygen concentration shall be checked on a regularly
scheduled basis.

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

5.7.2.7.2 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 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.

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

5.7.3.1* 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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5.7.3.2 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.

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

Chapter 6 Deflagration Prevention by Combustible
Concentration Reduction

6.1* 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).

6.2 Basic Design Considerations.

6.2.1 All of the following factors shall be considered in the
design of a system intended to reduce the combustible con-
centration below the lower flammable limit (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

6.2.2* The lower flammable limits of the combustible compo-
nents shall be determined at all operating conditions, includ-
ing startup and shutdown.

6.3 Design and Operating Requirements.

6.3.1 Combustible Concentration Limit. The combustible
concentration shall be maintained at or below 25 percent of
the lower flammable limit (LFL), unless the following condi-
tions apply:

(1) Where automatic instrumentation with safety interlocks is
provided, the combustible concentration shall be permit-
ted to be maintained at or below 60 percent of the lower
flammable limit.

(2) Aluminum powder production systems designed and oper-
ated in accordance with NFPA651, Standard for the Machining
and Finishing of Aluminum and the Production and Handling of
Aluminum Powders, shall be permitted to be maintained at or
below 50 percent of the lower flammable limit.

6.3.2* Catalytic Oxidation. Where catalytic oxidation is used
for combustible concentration reduction, flame arresters shall
be provided and the following requirements shall apply:

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

(2) Flame arresters shall be periodically inspected and
maintained.

6.3.3 Ventilation or Air Dilution.

6.3.3.1 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.

6.3.3.2 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.

6.3.3.3 Filters, dryers, or precipitators in the air intakes
shall be located such that they are accessible for cleaning
and maintenance.

6.4 Instrumentation.

6.4.1 Instrumentation shall be provided to monitor the con-
trol of the concentration of combustible components.

6.4.2 Instrumentation shall be calibrated at scheduled intervals.

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

Chapter 7 Deflagration Prevention by Hot Particle
Detection and Intervention Systems

7.1 Application. Spark extinguishing systems shall be permit-
ted to be considered for reducing the frequency of deflagra-
tions in transport and receiving systems that handle combus-
tible particulate solids.

7.1.1 Spark detection and extinguishing shall be used in con-
junction with other explosion prevention or explosion protec-
tion measures, such as deflagration suppression or deflagra-
tion venting, for those systems posing a dust explosion hazard.

7.1.2 Spark extinguishing systems shall be used for the detec-
tion and extinguishment of sparks or embers as they pass
through ducts that transport combustible dusts or solids.

7.1.3 The spark extinguishing system shall operate by means
of detectors that sense the radiation from a hot or glowing
particle and actuate a special extinguishing system that
quenches the particle.

7.1.4 Because the detection is by means of radiation, spark
detection systems shall not be used in duct systems that have
openings through which incident light could affect the detec-
tors, unless the detectors are designed to be insensitive to vis-
ible light.

7.2 Limitations.

7.2.1 Spark extinguishing systems shall not be used for ducts
designed to transport flammable gases.

7.2.2 Spark extinguishing systems shall not be used where the
extinguishing agent creates a hazard.

7.2.3* Spark detection and spark extinguishing systems shall
be limited to the detection and extinguishment of sparks or
embers traveling at the system transport velocity.

7.2.4 Spark detection and spark extinguishing systems shall
not be used in extinguishing deflagration flame fronts or flow
isolation.

7.3 Spark Detection and Spark Extinguishing System Design
Considerations.

7.3.1* General. Spark detection and spark extinguishing sys-
tems shall be listed or approved.
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