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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA STANDARDS

NFPA® codes, standards, recommended practices, and guides (“NFPA Standards”), 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 NFPA 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 NFPA Standards. The NFPA also makes no guaranty or warranty as to
the accuracy or completeness of any information published herein.

In issuing and making NFPA Standards 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
NFPA Standards. 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.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Standards

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be aware that these
documents may be superseded at any time by the issuance of new editions or may be amended from time to time through the
issuance of Tentative Interim Amendments or corrected by Errata. An official NFPA Standard at any point in time consists of
the current edition of the document together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given document is the current edition and whether it has been amended through the issuance of Tentative
Interim Amendments or corrected through the issuance of Errata, 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 below.

Interpretations of NFPA Standards

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the Development
of NFPA Standards 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.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in
connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for determining the validity of any
such patent rights, as well as the risk of infringement of such rights, and the NFPA disclaims liability for the infringement of any
patent resulting from the use of or reliance on NFPA Standards.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in
American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Standard may require use of an
invention covered by patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such
patent rights constitute or include essential patent claims under the ANSI Patent Policy. If, in connection with the ANSI
Patent Policy, a patent holder has filed a statement of willingness to grant licenses under these rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of such filed statements can
be obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, by the
publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with
applicable laws, and these documents may not be construed as doing so.

Copyrights

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe
practices and methods. By making these documents available for use and adoption by public authorities and private users, the
NFPA does not waive any rights in copyright to these documents.

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term “adoption
by reference” means the citing of title, edition, and publishing information only. Any deletions, additions, and changes desired
by the adopting authority should be noted separately in the adopting instrument. In order to assist NFPA in following the uses
made of its documents, adopting authorities are requested to notify the NFPA (Attention: Secretary, Standards Council) in
writing of such use. For technical assistance and questions concerning adoption of NFPA Standards, contact NFPA at the address
below.

For Further Information

All questions or other communications relating to NFPA Standards 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 standards during regular
revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,

1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be viewed at no

cost at www.nfpa.org/docinfo.
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Copyright © 2013 National Fire Protection Association®. All Rights Reserved.
NFPA® 69
Standard on

Explosion Prevention Systems

2014 Edition

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 in Annex 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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ADMINISTRATION 69-5

NFPA 69
Standard on

Explosion Prevention Systems

2014 Edition

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.

Areference 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.

Full document details: NFPA 69 2014

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 Itshall 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.
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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 Robbins Avenue, Philadelphia, PA 19111-5094.

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.
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.”

U.S. Government
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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.

NFPA 497, 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-
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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 alaminar 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 oxidantin 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 (P,,). Up to two-thirds the ultimate
strength for low-strength enclosures; for high-strength enclo-
sures the enclosure design pressure sufficient to resist P, 4.
[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. Avalve 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 210 percent of
the lower flammable limit (LFL) and the total suspended par-
ticulate concentration is 210 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.
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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 (P,.). 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 (P,.;). 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. Asignal 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.
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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 (P_.4) 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 Ifno 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, P, 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 P ., 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, P .4 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 Awritten 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.
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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
Panrticulate 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

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/nfpa-69-2014
http://www.avadocuments.com/doc/nfpa-69-2014

DEFLAGRATION PREVENTION BY OXIDANT CONCENTRATION REDUCTION 69-11

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

(¢) 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.
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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) Inertgas 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 Asingle 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.
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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 Asafety 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
(¢) Pressure
(d) Oxidant concentration
(e) Fuel concentration

(5) Process flow diagram and description

(6) Ambient temperature in process area

(7) Process interlocks
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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
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(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
(¢) 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.
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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 AH]J.

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 AH]J 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.
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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.
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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
(¢) 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 AH]J.

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.
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10.4.4.6.3 Concurrence of the AH]J 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.
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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) Agentidentity 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) Pgetection less than P, 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 Fastacting 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.
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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

() Flow resistance

(6) Piciection less than P, 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) Pgicrection less than P . 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

(8) 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) Pgeiection l€8s than P, 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.
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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. (Se¢eA.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

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/nfpa-69-2014
http://www.avadocuments.com/doc/nfpa-69-2014

DEFLAGRATION CONTROL BY ACTIVE ISOLATION 69-21

(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.
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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 AH]J.

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 1If 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.

\
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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)

(b) 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) Aflame 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) Aflame front diverter shall not be permitted to be used
with toxic process materials.

(4) Aflame 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 Asignal 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
Jjurisdiction. (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

Full document details: NFPA 69 2014

from the expected ignition source and the range of allowable

P, .4 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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