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Pursuant to the NFPA Regulations Governing the Development of NFPA Standards, Section 4.3.12, the
following First Draft Report has been developed for public review.

Please note that the following First Draft Report represents an interim step in the implementation of the
new NFPA Standards Process and will ultimately be replaced by the NFPA Standards Development Site
which will provide a much more robust and interactive First Draft Report. This interim solution is
provided to ensure that reviewers of the First Draft Documents for the Fall 2013 revision cycle are
provided with a single report contacting all of the relevant materials addressed in the proposed First
Draft NFPA Standard and to provide the required information to the user for their preparation for
submission of Public Comments on the First Draft of the NFPA Standard.

The First Draft Report is a consolidated report of the following individual items:

1. First Draft — The First Draft of the NFPA Standard represents a “track changes” view of the
proposed First Draft for public review. The First Draft contains all of the proposed changes to
the NFPA Standard by the Technical Committee

2. First Revision Cross Reference — This document provides a cross reference between the First
Revisions and the related Public Inputs as identified by the Technical Committee. This report
will help a user to quickly identify what related Public Inputs should be review to get a complete

understanding of the proposed changes by the Technical Committee.
3. First Revision Report — This report contains of all of the First Revisions that have passed

Technical Committee letter ballot and which have been incorporated in to the First Draft. The
First Revisions have been organized in document order and are identified by the [FR #:
FileMaker] number.

4. Public Input Report — This report contains all of the submitted Public Input organized in

document order. Each Public Input contains the submitter information, recommendation, and
the Committee response to the Public Input.

5. Ballot Results Report - This report contains the individual ballot results on each First Revision
and has been organized in First Revision order, by the [FR #: FileMaker] number. Additionally,
where applicable the ballot results also contain any associated Ballot Statements by Technical

Committee Members.
6. Additional Reports — Where applicable reports of Committee Input, Correlating First Revisions,

and Correlating Notes have been included and organized in document order. Where these
reports are not included in the First Draft Report the document contained no Committee Input,
Correlating First Revisions or Correlating Notes.

If after your review of the First Draft and related First Draft Report you wish to submit Public Comments
on the First Draft of the NFPA Standard please go to - www.nfpa.org/XXnext - (for example for NFPA 69
— www.nfpa.org.69next) and click on the link to “Submit Public Comment Online” (Also, for further

instructions refer to Annex A in the back of the First Draft Report).

Please note that the deadline for submitting Public Comments is November 16, 2012.


http://www.nfpa.org.69next/

How to use this First Draft Report

The First Draft Report is provided to the give the user a single document containing all of the related
materials associated with the Technical Committee development of the First Draft of the NFPA Standard.
The intent of the First Draft Report is to provide the public with a document that allows review and
where applicable preparation of material for submission as Public Comments on the text of the First
Draft.

The user should initially review the First Draft of the NFPA Standard to determine if the proposed
changes (First Revisions) by the technical committee are acceptable. Where the user identifies areas of
the document which require additional changes to address their concerns the user should then review
the related First Revisions, Public Inputs, and where applicable Committee Inputs, First Correlating
Revisions or Correlating Notes to determine if their concerns have been addressed. These reports have
been organized in document (section) order to allow the user to review all related material for a given
section of the NFPA standard. To assist in the user review a First Revision Cross Reference has been
provided which details the Public Inputs that are directly related to a given First Revision.

Additionally, where the user wishes to review all technical issues and concepts proposed through Public
Input, regardless of the incorporation into First Revisions, the user should review the Public Input
Report, which is organized in document order to facilitate review.

If during the review of the First Draft and First Draft Report material the user determines that additional
changes need to be made to the First Draft of the NFPA Standard the user should then proceed to the
Next Edition Tab of the appropriate Document Information Page to submit Public Comments on the First
Draft. All submitted Public Comments will then be considered by the Technical Committee at their
Comment Meeting.

It is important to note that in accordance with the Regulations Governing the Development of NFPA
Standards, Section 4.4.4, all Public Comments shall be limited to proposing revisions the First Draft of
the NFPA Standard.

If during the review of the First Draft Report or during the submission of Public Comments the user has
any questions please contact us at 617-984-7240 or via email at - standardsdev_support@nfpa.org.



Information on the NFPA Standards Development Process

I. Applicable Regulations. The primary rules governing the processing of NFPA standards (codes, standards, recommended
practices, and guides) are the NFPA Regulations Governing the Development of NFPA Standards (Regs). Other applicable rules
include NFPA Bylaws, NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in the NFPA
Standards Development Process, and the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of the
Standards Council. Most of these rules and regulations are contained in the NFPA Standards Directory. For copies of the
Directory, contact Codes and Standards Administration at NFPA Headquarters; all these documents are also available on the
NFPA website at “www.nfpa.org.”

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and
regulations for a full understanding of this process and for the criteria that govern participation.

Il. Technical Committee Report. The Technical Committee Report is defined as “the Report of the responsible Committee(s), in
accordance with the Regulations, in preparation of a new or revised NFPA Standard.” The Technical Committee Report is in two
parts and consists of the First Draft Report and the Second Draft Report. (See Regs at 1.4)

lll. Step 1: First Draft Report. The First Draft Report is defined as “Part one of the Technical Committee Report, which
documents the Input Stage.” The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee and
Correlating Committee Statements, Correlating Input, Correlating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and
Section 4.3) Any objection to an action in the First Draft Report must be raised through the filing of an appropriate Comment for
consideration in the Second Draft Report or the objection will be considered resolved. [See Regs at 4.3.1(b)]

IV. Step 2: Second Draft Report. The Second Draft Report is defined as “Part two of the Technical Committee Report, which
documents the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with corresponding
Committee Actions and Committee Statements, Correlating Notes and their respective Committee Statements, Committee
Comments, Correlating Revisions, and Ballot Statements. (See Regs at Section 4.2.5.2 and 4.4) The First Draft Report and the
Second Draft Report together constitute the Technical Committee Report. Any outstanding objection following the Second Draft
Report must be raised through an appropriate Amending Motion at the Association Technical Meeting or the objection will be
considered resolved. [See Regs at 4.4.1(b)]

V. Step 3a: Action at Association Technical Meeting. Following the publication of the Second Draft Report, there is a period
during which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their intention
by submitting a Notice of Intent to Make a Motion. (See Regs at 4.5.2) Standards that receive notice of proper Amending
Motions (Certified Amending Motions) will be presented for action at the annual June Association Technical Meeting. At the
meeting, the NFPA membership can consider and act on these Certified Amending Motions as well as Follow-up Amending
Motions, that is, motions that become necessary as a result of a previous successful Amending Motion. (See 4.5.3.2 through
4.5.3.6 and Table1, Columns 1-3 of Regs for a summary of the available Amending Motions and who may make them.) Any
outstanding objection following action at an Association Technical Meeting (and any further Technical Committee consideration
following successful Amending Motions, see Regs at 4.5.3.7 through 4.6.5.3) must be raised through an appeal to the Standards
Council or it will be considered to be resolved.

VI. Step 3b: Documents Forwarded Directly to the Council. Where no Notice of Intent to Make a Motion (NITMAM) is
received and certified in accordance with the Technical Meeting Convention Rules, the standard is forwarded directly to the
Standards Council for action on issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5)

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters
related to the development, content, or issuance of any document of the Association or on matters within the purview of the
authority of the Council, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in
written form and filed with the Secretary of the Standards Council (See Regs at 1.6). Time constraints for filing an appeal must
be in accordance with 1.6.2 of the Regs. Objections are deemed to be resolved if not pursued at this level.

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The Council
acts on the issuance of a document presented for action at an Association Technical Meeting within 75 days from the date of the
recommendation from the Association Technical Meeting, unless this period is extended by the Council (See Regs at 4.7.2). For
documents forwarded directly to the Standards Council, the Council acts on the issuance of the document at its next scheduled



meeting, or at such other meeting as the Council may determine (See Regs at 4.5.2.5 and 4.7.4).

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the administration of
the codes and standards development process and the issuance of documents. However, where extraordinary circumstances
requiring the intervention of the Board of Directors exist, the Board of Directors may take any action necessary to fulfill its
obligations to preserve the integrity of the codes and standards development process and to protect the interests of the
Association. The rules for petitioning the Board of Directors can be found in the Regulations Governing Petitions to the Board of
Directors from Decisions of the Standards Council and in 1.7 of the Regs.

X. For More Information. The program for the Association Technical Meeting (as well as the NFPA website as information
becomes available) should be consulted for the date on which each report scheduled for consideration at the meeting will be
presented. For copies of the First Draft Report and Second Draft Report as well as more information on NFPA rules and for up-
to-date information on schedules and deadlines for processing NFPA documents, check the NFPA website
(www.nfpa.org/aboutthecodes) or contact NFPA Codes & Standards Administration at (617) 984-7246.
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Committee Scope: This Committee shall have primary responsibility for documents on explosion protection
systems for all types of equipment and for buildings, except pressure venting devices designed to protect against
overpressure of vessels such as those containing flammable liquids, liquefied gases, and compressed gases under

fire exposure conditions, as now covered in existing NFPA standards.
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First Draft Report NFPA® 69
Standard on Explosion Prevention Systems
Proposed 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
Disclaimers 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 deletion is
indicated by a bullet () between the paragraphs that remain.

A reference in brackets [ ] following a section or paragraph indicates material that has been extracted
from another NFPA document. As an aid to the user, the complete title and edition of the source
documents for extracts in mandatory sections of the document are given in Chapter 2 and those for
extracts in informational sections are given in Annex G. Editorial changes to extracted material
consist of revising references to an appropriate division in this document or the inclusion of the
document number with the division number when the reference is to the original document. Requests
for interpretations or revisions of extracted text shall be sent to the technical committee responsible
for the source document.

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

Chapter 1 Administration

First Revision No. 38:NFPA 69-2008
[FR 39: FileMaker]
1.1 Scope. Reserved: This standard applies to the design, installation, operation, maintenance, and
testing of systems for the prevention of explosions by means of the following methods:
(a1) eControl of oxidant concentration:
(b2) eControl of combustible concentration:
(e3) pPredeflagration detection and control of ignition sources:
(d4) eExplosion suppression:
(eb) aActive isolation:
(f6) pPassive isolation:
(g7) dDeflagration pressure containment:
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(h8) pPassive explosion suppression-

1.2 Purpose.

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

1.2.2 This standard shall provide basic information for design engineers, operating personnel, and
authorities having jurisdiction.

First Revision No. 2:NFPA 69-2008
[FR 2: FileMaker]
1.2.3* To meet a minimum level of reliability, explosion prevention and control systems desigred-and
installed 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) Third-party inspection-and approval of protection systems equipment and methodologies by an
internationally recognized testing laboratory for the function intended, as where specified in Chapters
7 through 14.
£6) (3) Design documentation
5) (4) Commissioning-tests System acceptance
3) (5) Management of change
4) (6) Regular testing and maintenance
1.3 Application. This standard shall apply to methods for preventing and controlling explosions.
First Revision No. 39:NFPA 69-2008
[FR 40: FileMaker]
43-41.3.1 When desired by the owner or operator, errequired by the authority having jurisdiction, or
when-required by other standards, explosion prevention shall be achieved by one or more of the
following methods as required to mitigate the-damage, prevent the-transport of the-an ignition source,
and propagate prevent the-deflagration:
(1) Using the methods in Chapter 7 or 8 to control the environment within the protected enclosure;
such that a deflagration cannot occur
(2) Using the methods in Chapter 9, 11, or 12 to prevent the propagation of a deflagration to
connected vessels or to prevent the transport of an ignition source
(3) Using the methods in Chapter 10, 13, or 14; or ef-in NFPA 68, Standard on Explosion Protection
by Deflagration Venting, to mitigate the effects of the deflagration;-such that the protected enclosure
will not be uncontrollably breached

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

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

1.3.1.2.1 These methods shall be permitted to be used independently 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 operation 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.
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1.3.1.3* When another standard requires explosion prevention 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
enclosure, 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 documented risk analysis acceptable to the authority having jurisdiction,
unless isolation protection is specifically required for such enclosure by other standards.

1.3.2 This standard shall not apply to the following conditions:

(1) Devices or systems designed to protect against detonations

2Y(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)=-(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 consensus 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 standard shall not apply to facilities,
equipment, structures, or installations 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 unacceptable 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 jurisdiction, 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 prevent the use of systems, methods, or
devices of equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety
over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the authority 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 considered part of the requirements of this document.
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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 Explosions in Agricultural and Food
Processing Facilities, 2008 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Venting, 2007 edition.

NFPA 70, National Electrical Code®, 2008 edition.

NFPA 72®, National Fire Alarm Code®, 2007 edition.

NFPA 86, Standard for Ovens and Furnaces, 2007 edition.

NFPA 271, Standard Method of Test for Heat and Visible Smoke Release Rates for Materials and
Products Using an Oxygen Consumption Calorimeter, 2004 edition.

NFPA 326, Standard for the Safequarding of Tanks and Containers for Entry, Cleaning, or Repair,
2005 edition.

NFPA 484, Standard for Combustible Metals, 2006 edition.

NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible Particulate Solids, 2006 edition.

2.3 Other Publications.

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

API 510, Pressure Vessel Inspection Code: Maintenance Inspection, Rating, Repair, and Alteration,
1997.

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, 2007.

ASME B31.3, Process Piping, 2004.

First Revision No. 8:NFPA 69-2008
[FR 8: FileMaker]

2.3.3 ASTM Publications. ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959.
ASTM D 257, Standard Test Methods for DC Resistance or Conductance of Insulating Materials,
2007 2005.
ASTM D 3574, Standard Test Methods for Flexible Cellular Materials — Slab, Bonded and Molded
Urethane Foams, 2011 2003.
ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxidant) Concentration for Gases and
Vapors, 2007.

2.3.4 CEN Publications. European Committee for Standardization, 36 rue de Stassart, B-1050
Brussels, Belgium.

EN 12874, Flame Arresters — Performance Requirements, Test Methods and Limits for Use, 2001.
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-87260A, Foam Material, Explosion Suppression, Inherently Electrically Conductive, for
Aircraft Fuel Tank and Dry Bay Areas, 1992.

2.3.6 U.S. Government Publications. U.S. Government Printing Office, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910.146, “Permit-Required Confined Spaces Standard.”
Title 29, Code of Federal Regulations, Part 1910.147, “The Control of Hazardous Energy (Lock-
Out/Tag-Out).”

Title 30, Code of Federal Regulations, Part 75.

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

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 Venting, 2007 edition.

NFPA 72®, National Fire Alarm Code®, 2007 edition.

NFPA 302, Fire Protection Standard for Pleasure and Commercial Motor Craft, 2004 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, 2004
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 jurisdiction.
3.2.2* Authority Having Jurisdiction (AHJ). An organization, office, or individual responsible for
enforcing the requirements of a code or standard, or for approving equipment, materials, an
installation, or a procedure.
3.2.3 Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials, and by whose labeling the manufacturer indicates compliance 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 authority 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 adoption into law. Nonmandatory provisions shall be
located in an appendix or annex, footnote, or fine-print note and are not to be considered a part of the
requirements of a standard.
3.3 General Definitions.
3.3.1 Blanketing (or Padding). The technique of maintaining an atmosphere that is either inert or
fuel-enriched in the vapor space of a container or vessel.
3.3.2 Burning Velocity.
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3.3.2.1 Flame Burning Velocity. The burning velocity of a laminar flame under specified conditions
of composition, temperature, and pressure for unburned gas.

3.3.2.2 Fundamental Burning Velocity. The burning velocity of a laminar flame under stated
conditions of composition, temperature, and pressure of the unburned gas. [68, 2007]

3.3.3 Combustible. Capable of undergoing combustion.

First Revision No. 11:NFPA 69-2008
[FR 11: FileMaker]
3.3.4* Combustible Dust. A finely divided combustible particulate solid that presents a deflagration
flash fire or explosion hazard when suspended in air or seme-other the process-specific oxidizing

medium over a range of concentrations;regardiess-of particle-size-orshape. [654, 2013]

First Revision No. 44:NFPA 69-2008
[FR 44: FileMaker]
3.3.5* Combustible-Particulate Solid. An eembustible oxidizable, solid-phase material compriseding

of distinct particles or pleces—mgamm&eﬁaze—shape—epehemre%eempesﬁmﬁﬁsﬁapableef
being pneumatically conveyed.

3.3.6 Combustion. A chemical process of oxidation that occurs 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 technique of maintaining the concentration of
combustible material in a closed space below the lower flammable limit.

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

3.3.8 Deflagration. Propagation of a combustion zone at a velocity that is less than the speed of
sound in the unreacted medium. [68, 2007]

3.3.9 Deflagration Pressure Containment. The technique of specifying the design pressure of a
vessel and its appurtenances so they are capable of withstanding the maximum pressures resulting
from an internal deflagration.

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

3.3.11 Detonation. Propagation of a combustion zone at a velocity that is greater than the speed of
sound in the unreacted medium. [68, 2007]

3.3.12 Enclosure. A confined or partially confined volume. [68, 2007]

3.3.13 Enclosure Strength (Pgg). Up to two-thirds the ultimate strength for low-strength
enclosures; for high-strength enclosures the enclosure design pressure sufficient to resist Prgg. [68,
2007]

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

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

3.3.16* Flame Arrester. A device that prevents the transmission of a flame through a flammable
gas/air mixture by quenching the flame on the surfaces of an array of small passages 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 deflagration, thereby venting the pressure wave and flame front.
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3.3.18 Flame Speed. The speed of a flame front relative to a fixed reference point. [68, 2007]
3.3.19* Flammable Limits. The minimum and maximum concentrations of a combustible material in
a homogeneous mixture with a gaseous oxidizer that will propagate a flame.

3.3.19.1 Lower Flammable Limit (LFL). The lowest concentration of a combustible substance in an
oxidizing medium that will propagate a flame.

3.3.19.2 Upper Flammable Limit (UFL). The highest concentration of a combustible substance in a
gaseous oxidizer that will propagate a flame. [68, 2007]

3.3.20 Flammable Range. The range of concentrations between the lower and upper flammable
limits. [68, 2007]

3.3.21 Gas. The state of matter characterized by complete molecular mobility and unlimited
expansion; used synonymously with the term vapor. [68, 2007]

3.3.21.1 Inert Gas. A gas that is noncombustible and nonreactive.

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. A mixture of a flammable gas at greater than 10 percent of its lower
flammable limit with either a combustible dust or a combustible mist. [68, 2007]

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

3.3.24* Isolation. A means of preventing certain stream properties 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 predetermined point by injection of a chemical suppressant.

3.3.24.2 Deflagration Isolation. A method employing equipment 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 propagation of an igniting medium past a predetermined point.

3.3.25* Limiting Oxidant Concentration (LOC). The concentration 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 maximum 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 secondary chamber containing the same gas or vapor at the
same concentration. [497, 2004]

3.3.28 Maximum Pressure (Pmax)- The maximum pressure developed in a contained deflagration
for an optimum mixture. [68, 2007]

3.3.29 Mist. A dispersion of fine liquid droplets in a gaseous medium. [68, 2007]

3.3.30 Oxidant. Any gaseous material that can react with a fuel (either gas, dust, or mist) to produce
combustion. [68, 2007]

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* Reduced Pressure (Pregd)- The maximum pressure developed in a vented enclosure during
a vented deflagration. [68, 2007]

3.3.34* Self-Decomposing Mixtures. Materials or mixtures capable of propagating a flame in the
absence of oxidant.

3.3.35 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.
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3.3.36 Suppressant. The chemical agent used in a deflagration suppression system to extinguish
the deflagration.

First Revision No. 1:NFPA 69-2008
[FR 1: FileMaker]
3-337F-System-Acceptance—3.3.37 System Acceptance. A series of actions to verify installation,
operation, and integration of the protection system in accordance with the basis of design, as well as
training, validation testing, documentation, and ultimate arming of the system.

3.3.378 Trouble Signal. A signal initiated by the fire alarm system or device indicative of a fault in a
monitored circuit or component. [72, 2007]

3.3.389 Vapor. See 3.3.21.

3.3..3940 Ventilation. The changing of air within a compartment by natural or mechanical means.
[302, 2004]

Chapter 4 General Requirements
41 Goal.
The goal of this standard shall be to provide effective deflagration prevention and control for
enclosures where there is the potential for a deflagration.
4.2 Objectives.
4.2.1 Life Safety.
4.2.1.1 Deflagration prevention and control for occupied enclosures 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 arranged 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 designed 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 authority 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 provided 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 design 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
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5.1 General Requirements.

5.1.1 Qualifications. The performance-based design shall be prepared by a person with
qualifications acceptable to the authority 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.

First Revision No. 9:NFPA 69-2008
[FR 9: FileMaker]

5.1.3 Maintenance of Design Features Management of Change.
5.1.3.1 To continue meeting the performance goals and objectives of this standard, the design
features required for each prevention and control system shall be maintained for the life of the
protected enclosure.
5.1.3.2 Any changes to the process shall require review of the design basis prior to implementation of
the change.
5.14.3.2 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 (Pyegg) 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 personnel 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 inspected and maintained to confirm the
ability to perform as designed.

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

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

Chapter 6 General Prescriptive Requirements
6.1* Methods.
The methods recognized in this standard shall be grouped based on the prevention of combustion or
on the prevention or limitation of damage after combustion occurs.
6.1.1 Methods Based on the Prevention of Combustion. The following shall be considered
methods based on preventing combustion:
(1) Oxidant concentration reduction
(2) Combustible concentration reduction
6.1.2 Methods Based on the Prevention or Limitation of Damage. The following shall be
considered methods based on preventing or limiting damage:
(1) Predeflagration detection and ignition control systems
(2) Deflagration suppression
(3) Isolation methods
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(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.

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 Deflagration Venting, the enclosure strength, Pgg, of the protected equipment
shall be determined and all pertinent calculations or test information, acceptable to the AHJ, shall be
documented and certified by a licensed professional engineer.

6.3.4.1 P(gg 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, Prgq 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 recommendations for testing and
maintenance shall contain information that enables the authority having jurisdiction to evaluate the
explosion hazard and the effectiveness of the system.

6.4.2 Details of the plans shall include the following information:

(1) Pertinent chemical and physical characteristics of the materials involved

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

First Revision No. 7:NFPA 69-2008
[FR 7: FileMaker]
6.5 Acceptance Validation Tests. All new protection system installations and modifications shall be
tested or otherwise evaluated to confirm the operational integrity of the system.
6.5.1 Tests shall be in accordance with the manufacturer’s recommendations.
6.5.2 A written report of the tests shall be provided to the users.

6.6” Inspection and Maintenance.
6.6.1* All systems shall be inspected for operability in accordance 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 particulate solids where such material(s) cannot be completely and
reliably contained within the process equipment during normal operation, there can be a significant
risk for secondary explosions from dust deposits in the process area. In such situations,
housekeeping shall be performed in accordance with NFPA 654, Standard for the Prevention of Fire
and Dust Explosions from the Manufacturing, Processing, and Handling of Combustible Particulate
Solids; NFPA 484, Standard for Combustible Metals; and NFPA 61, Standard for the Prevention of
Fires and Dust Explosions in Agricultural and Food Processing Facilities.

Chapter 7 Deflagration Prevention by Oxidant Concentration Reduction
7.1 Application.
The technique for oxidant concentration reduction for deflagration prevention shall be permitted to be
considered where a mixture of oxidant and flammable material is confined to an enclosure within
which the oxidant concentration can be controlled.
7.1.1* The system shall be maintained at an oxidant concentration 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 apparatus as well as other safeguards.

First Revision No. 25:NFPA 69-2008
[FR 25: FileMaker]
+13-7.1.3 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.

7.1.34 Warning Signs.

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

7.1.34.2 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 pressure, 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 surrounding areas

(8) Need for breathing apparatus by personnel

{9Y=-(9)*Reduced effectiveness of purge gas due to equipment leakage and loss through vents
7.2.2 Protection System Design and Operation.

7.2.2.1* 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.

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 information:
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Monitoring and control objectives

Monitored and controlled areas of the process

Dimensioned drawings of the process with the following information:

Equipment make and model if available, including volumes and diameters and design strengths
Plan and elevation views with flows indicated

(4) Startup, normal, shutdown, temporary operations, and emergency shutdown process conditions
and ranges for the following factors:

(a) Flow

(b) Temperature

(c) Pressure

(d) Oxidant concentration

(5) Process flow diagram and description

(6) Ambient temperature in process area

(7) Process interlocks

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

7.2.2.4 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 having jurisdiction.

7.2.2.5 The owner or operator shall be responsible for periodic inspection of the system by
personnel trained by the system manufacturer. The inspection frequency shall be in accordance with
Section 15.7.

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

7.2.2.7 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 (Oxidant) 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 adjustment by subtracting 2 percent
by volume oxidant as indicated in the adjusted columns in Table C.1(a).

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 process 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 system shall be installed if a purge gas
system is used for lines collecting flammable mixtures and the collection system terminates 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, provided that the system is designed to operate outside the flammable
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 protection shall be
provided near the point of connection.

(1
(2
(3
(a
(b
4

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

7.3 Purge Gas Sources.

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

7.3.2 Possible sources of purge gas shall include, but shall not be limited to, the following sources:
(1) Commercially available inert gas, such as nitrogen, carbon dioxide, argon, or helium, supplied
from high-pressure tanks or cylinders or from air separation plants

(2) Inert gas supplied from a gas generator that burns or catalytically 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 necessary to avoid contamination

(4)* (4)* Steam, if it can be supplied at a rate that raises and maintains 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 absorption, 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 contaminants 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 temperature compatible with the process being
protected to minimize the chance of thermal ignition or condensation.

7.4.3 Purge gas that is distributed in a system subject to freezing temperatures shall have a dew
point such that water condensation cannot occur at the minimum ambient temperature to which the
system will be exposed.

7.5 Piping Systems.

Purge gas distribution systems shall be designed 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 being 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 contamination due to loss of purge gas supply or to excessive pressure in the process
unit being protected.

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

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

7.6.1 Multiple inlets and outlets shall be permitted.

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

7.7 Instrumentation.

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

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

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

7.7.2 Systems Operated Below the Limiting Oxidant Concentration (LOC).

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

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

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

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

(1) Fluctuations occurring in the system

(2) Sensitivity and reliability of monitoring and control equipment

(3) Probability and consequences of an explosion

First Revision No. 45:NFPA 69-2008
[FR 13: FileMaker]

7.7.2.5* One of the following requirements shall be met where the oxygen concentration is continually
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 shall-be less than 5 percent, in-which-case-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

(1) Where the LOC is greater than or equal to 5 peréent, the oxygen concentration shall be designed

to operate at no more than 60 percent of the LOC.

(2) Where the LOC is less than 5 percent, the oxygen concentration shall be designed to operate at
no more than 40 percent of the LOC.

7.7.2.7.1 {2) The oxygen concentration shall be checked on a regularly scheduled basis.
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| 7.7.2.7.24* The vapor space in low-pressure field storage tanks that have padding shall not require
checking of the oxygen concentration.

| 7.7.2.7.32 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 leakage.

(2) The vacuum level is monitored.

(3) The vacuum-creating medium is compatible with the process chemistry.

(4) The residual oxygen partial pressure is calculated or demonstrated 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.

| 7.7.3.2 Vent headers operated near atmospheric pressure shall be permitted to be rendered
nonflammable by the addition 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 concentrations greater than can be derived from
ambient air.

| 7.7.3.3 Instrumentation to control methane flow shall be acceptable 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 enclosure 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 concentration below the LFL:
(1) Required reduction in combustible concentration
(2) Variations in the process, process temperature and pressure, and materials being processed
(3) Operating controls
(4) Maintenance, inspection, and testing
8.2.2* The LFLs of the combustible components shall be determined 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 thorough 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:
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(a) Flow

(b) Temperature

(c) Pressure

(d) Oxidant concentration

) Fuel concentration

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

(7) Process interlocks

8.2.3.3 The owner or operator shall disclose any and all process information required for the

protection system design.

| 8.2.3.4 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 having jurisdiction.

| 8.2.3.5 The owner or operator shall be responsible for periodic inspection of the system by
personnel trained by the system manufacturer. The inspection frequency shall be in accordance with
Section 15.7.

| 8.2.3.6 Management of Change. The effect of any process change shall be addressed as specified
in Section 15.11.

| 8.2.3.7 All documentation relevant to the protection system shall be retained in accordance with

Chapter 15.

First Revision No. 15:NFPA 69-2008
[FR 15: FileMaker]
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 Contlnuouslv monltored and controlled with safety interlocks autematic-instrumentation-with
, the combustible concentration shall be permitted to be maintained at or
below 60 percent of the LFL
(2) Aluminum powder production systems designed and operated in accordance with NFPA 484,
Standard for Combustible Metals, shall be permitted to be maintained at or below 50 percent of the
LFL.
| 8.3.2* Catalytic Oxidation. Where catalytic oxidation is used for combustible concentration
reduction, flame arresters shall be provided and the following requirements shall apply:
(1) Flame arresters shall be provided in all inlets to the catalytic oxidation unit.
(2) Flame arresters shall be periodically inspected and maintained.
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 requirements:
(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 automatically 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 maintenance.
8.4 Instrumentation.
8.4.1* Instrumentation shall be provided to monitor and the control the process flows ef-the

| 8.4.2 Instrumentation shall be calibrated a.ccording to the requirements of Chapter 15.
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8.4.3 Where the enclosure being protected presents a personnel hazard, alarms shall be provided to
indicate abnormal operation of the system.

Chapter 9 Predeflagration Detection and Control of Ignition Sources

First Revision No. 22:NFPA 69-2008
[FR 22: FileMaker]

9.1* Application. Systems used for the predeflagration detection and control of certain specific
ignition sources shall be permitted to be used to reduce the probability of the occurrence of
deflagrations in systems that handle combustible particulate solids.
9.1.1 Systems used for the predeflagration detection and control of ignition sources shall be permitted
to be used in conjunction with other explosion prevention or explosion protection measures, such as
deflagration suppression or deflagration venting, 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 techniques that include, but are not limited to, the use of the following systems:
(1) Optical sensing systems
(2) Gas sensing systems
9.1.3 Optical sensing and gas sensing systems shall be permitted to be used for the detection,
control, and extinguishment of ignition sources as they pass through ducts, chutes, hoppers, 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 particle 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 sensing 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 extinguishing 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 systems shall be listed or approved as a
complete system that includes a means to actuate automatic shutdown or other actions described in
9.1.4 and 9.1.5.
9.3.2 Optical Sensing Equipment.
9.3.2.1 Spacing between a detector and control mechanism shall be based on parameters including,
but not limited to, the following criteria:
(1) Linear velocity of the material in the duct
(2) Response time of the sensor
(3) Actuator circuitry
(4) Response time of the control mechanism
9.3.2.2 The system manufacturer’s application design and guidance shall ensure that a sufficient
number of detectors are installed to detect radiant energy at any location in the cross-sectional area
of the duct, chute, hopper, belt conveyor, or similar transport system.
9.3.2.3 Provisions shall be made to prevent obscuration of optical sensors.
9.3.2.4 Sensors shall be protected from the accumulation of foreign material that would prevent
functioning.
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First Revision No. 21:NFPA 69-2008
[FR 21: FileMaker]

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 criteria:
(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.

~— — N

9.3.4 Power and Control Units.

9.3.4.1 A power and control unit shall supply energy to accomplish all of the following processes:
(1) Power all sampling devices, sample preparation unit, control processor, etc.

(2) Energize all electrically actuated extinguishing and control 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)

(8) System safety interlock circuitry

(4) System-disabling interlock circuitry

(5) Releasing outputs

(6) Electrical extinguishing actuators

(7) Air sampler flow (gas sensing only)
)

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 initiating an orderly shutdown of the protected process upon receipt 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.

First Revision No. 24:NFPA 69-2008
[FR 24: FileMaker]
9.4 Testing.
9.4.1 A functional test of all system functions shall be conducted 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.
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9.5.1.1* 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.
9.5.1.2 Factors such as the type of combustible material, the enclosure internal geometry, the total
volume to be protected, and the operating conditions shall be reviewed in detail.
9.5.1.3 The potential process malfunctions that could affect the extent of the deflagration hazard
shall be determined.
9.5.2 The information required for the detection and control system design shall include, but not be
limited to, the following:
(1) Protection objective
(2) Protected area of the process
(3) Dimensioned plan and elevation drawings of the process with equipment make and model, if
available
(4) Dimensions of inlet and outlet connections
(5) Internal obstructions of protected enclosure
(6) Startup, normal, shutdown, temporary operations, and emergency shutdown process conditions
and ranges for the following:
(a) Flow rate and direction
(b) Temperature
(c) Pressure
(d) Oxidant concentration
) Fuel concentration
(7) Process flow diagram and description

) 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 Maintenance and Inspection.
9.5.4.1 The owner or operator shall be responsible for the maintenance of the system after
installation and acceptance.
9.5.4.2 Maintenance records shall be retained for inspection by the authority having jurisdiction in
accordance with Section 15.9.
9.5.4.3 The owner or operator shall be responsible for periodic inspection of the system by
personnel trained by the system manufacturer.
9.5.4.4 The inspection frequency shall be in accordance with Section 15.7.
9.5.5 Management of Change. The effect of any process change shall be addressed as specified in
Section 15.11.
9.5.6 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 operator with information and
documentation supporting the design; this information shall be suitable for review by the AHJ.
9.6.2 Upon request, the system manufacturer shall provide to the owner or operator documentation
supporting that the design 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.
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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.

First Revision No. 3:NFPA 69-2008
[FR 3: FileMaker]

9.6.6-9.6.6 Atcommissioning As part of system acceptance, the system manufacturer and the owner
or operator shall document that the installation is in accordance with the design and that the system is
armed and functional. (See 15.6.)
9.6.6.1 Variances and any corrective actions shall be identified with the responsible party for any
action identified.
9.6.6.2 Changes made at or during installation shall be approved by the system manufacturer and
the owner or operator and suitably documented.
9.6.6.3 Concurrence of the AHJ shall be obtained as appropriate.

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 permitted for flammable gases,
combustible mists, combustible dusts, or hybrid mixtures that are subject to deflagration in a gas-
phase oxidant.
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 detection points; and the location, quantity,
and volume of suppressant 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
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(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 procedures (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 prevent arming while such means are in
place.

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

10.3.1.4 Operation of the protected process shall be interlocked through the suppression system
control panel so that operation 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 suppression 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 system 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

First Revision No. 40:NFPA 69-2008
[FR 41: FileMaker]
10.4.2 System Design Certification Verification.
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10.4.2.1* System design methodology and application range shall have been supported by
appropriate testing and certified verified by an internationally recognized testing laboratory

10.4.2.2 The system design shall be baséd 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 affect the extent of the deflagration hazard
shall be determined.
10.4.3.2 The suppression system design shall include, but not be limited to, the following
information:
(1) Protection objective
(2) Protected area of the process
(3) Dimensioned plan and elevation drawings of the process with equipment make and model, if
available
(4) Pressure resistance of protected enclosures
(5) Internal obstructions of protected enclosure
(6) Startup, normal, shutdown, temporary operations, and emergency shutdown process conditions
and ranges for:
(a) Flow
(b) Temperature
(c) Pressure
(d) Oxidant concentration
) Fuel concentration
(7) Process flow diagram and description
) Currently installed protection equipment
(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 process 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 inspection by the authority having jurisdiction in
accordance with Section 15.9.
10.4.3.4.3 The owner or operator shall be responsible for periodic inspection of the system by
personnel trained by the system manufacturer.
10.4.3.4.4 The inspection frequency shall be in accordance with Section 15.7.
10.4.3.5 Management of Change. The effect of any process change shall be addressed as
specified in Section 15.11.
10.4.3.6 All design documentation relevant to the protection system shall be retained in accordance
with Chapter 15.
10.4.4 System Manufacturer's Additional Responsibilities.
10.4.4.1* The system manufacturer shall provide the owner or operator with information and
documentation that supports the design and is suitable for review by the AHJ.
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10.4.4.2 Upon request, the system manufacturer shall provide to the owner or operator
documentation supporting that the design is in compliance with the manufacturer’s independent 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 approved and available for review by the
authority having jurisdiction.

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

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

First Revision No. 4:NFPA 69-2008
[FR 4: FileMaker]

40-4-4-6-10.4.4.6 Atcommissioning As part of system acceptance, the system manufacturer and the
owner or operator shall document that the installation is in accordance with the design and that the
system is armed and functional. (See 15.6.)
10.4.4.6.1 Variances and any corrective actions shall be identified 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 operator and suitably documented.
10.4.4.6.3 Concurrence of the AHJ shall be obtained as appropriate.

10.4.5 Actuation of Other Devices and Systems. The deflagration suppression 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.

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 suppression system, which indicates the
protection system could be compromised, the protected process shall initiate an immediate,
automatic, and orderly shutdown.

10.4.6.2 Upon receipt of a supervisory signal from the suppression system, which indicates that a
problem exists but that the protection system is not compromised, qualified personnel shall
investigate and repair the problem at the next shutdown period.

10.4.6.3 It 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.

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 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

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

(1) Wiring circuits for opens and other faults

(2) ac power supply (primary)
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Battery voltage, presence, and polarity

System safety interlock circuitry

System-disabling interlock circuitry, including lockout and tagout status

Releasing outputs

Electrically operated actuating devices

Detection devices

Local visual and audible alarms
) 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 condition 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.
10.5.4 Control panel contacts shall be provided that enable the owner or operator to initiate an
orderly, automatic shutdown of the process and protection system should unauthorized 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 pressure rise, a vent burst, or the radiant energy from the combustion 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 accumulation of foreign material that would
affect functioning.
10.6.4 Detection devices shall be mounted so that their maximum 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 specified by the manufacturer, is not exceeded.
10.7.2 The operating characteristics of the as-installed actuating device circuits shall be within the
manufacturer’s specifications.
10.8* Suppressant and Suppressant Storage Containers.
10.8.1* The suppressant shall be compatible with the combustible material in the protected enclosure.
10.8.2 The suppressant shall be effective at the expected extremes 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 pressurized shipping containers, shall be
designed, fabricated, inspected, 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 maximum pressure developed at 55°C (130°F)
or at the maximum controlled temperature limit.
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Chapter 11 Deflagration Control by Active Isolation
11.1 Application.
11.1.1* The technique of deflagration isolation shall be permitted for interruption or mitigation of
flame, deflagration pressures, pressure piling, and flame-jet ignition between enclosures that are
interconnected by pipes or ducts.
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| 11.1.2* Isolation techniques may be active, which requires detection, control, and a pneumatic or
electrical response that creates an isolating barrier; or passive, which responds to the deflagration
pressure to create the isolating barrier.

| 11.1.3 Active isolation system design shall be permitted to be based on various techniques that
include, but are not limited to, the use of the following equipment:
(1) Flame front extinguishing system (chemical isolation)

(2) Fast-acting mechanical valve (explosion isolation valves)

(3) Actuated float valve

(4) Actuated pinch valve
11.1.4 The isolation system type shall be of a design that has been tested under deflagration
conditions to verify performance.

| 11.1.5* The detection conditions, and the positioning of the detection points and the minimum and

maximum barrier locations 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

Time of flame front propagation to the barrier position

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 permitted 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 inject 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 equipment.

| 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 milliseconds 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 selected 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 following information:

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

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

(3) Minimum placement location for agent container(s) relative to the protected volume or detector

location

)
|
(5) Flame speeds and pressures expected in the pipe
)
)
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(4) Maximum placement location for agent container(s) relative to the protected volume or detector
location

(5) Required distance downstream of agent container(s)

(6) Agent identity and minimum container pressure at ambient 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 compatible 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, certified, 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 maximum pressure developed at 55°C
(130°F) or at the maximum controlled temperature limit.

11.2.1.5 Limitations. The specific application limitations created by equipment performance
specifications and process conditions shall not be exceeded. These limitations include the following:
(1) Minimum and maximum distance of a barrier from the duct entrance

(2) Process flow rates

(3) Direction of flow

(4) Flow resistance

(5) Pdetection less than Pgtat when the enclosure is vented
(6) Process temperature and pressure

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

11.2.2* Fast-Acting Mechanical Valves.

11.2.2.1 Fast-acting mechanical valves shall prevent propagation of flame and combustion-
generated pressure beyond the fast-acting valves by providing a positive mechanical seal. The
mechanical 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 assembly.

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

11.2.2.2.2 The mechanical valve assembly shall include a means of rapidly moving the valve trim.
11.2.2.3 The isolation design shall include all information required to install and operate the system,
including the following 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 relative to the protected volume or detector
location

(4) Maximum placement location for mechanical valve relative 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 created by equipment performance
specifications and process conditions shall not be exceeded. These limitations include the following:
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(1) Minimum and maximum distance of a valve from the duct entrance

(2) Process flow rates

(3) Direction of flow

(4) Orientation of the valve

(5) Flow resistance

(6) Pdetection less than Pgtgt 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 connected to the
float, or by other high-speed actuation means.

11.2.3.3 The externally actuated float valve system shall consist 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 required 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

11.2.3.5 Limitations. The specific application limitations created 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

) Process flow rates

) Direction of flow

(4) Orientation of the valve

) Flow resistance

(6) Pdetection less than Pgtat when the enclosure is vented

A=(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 pressure cylinder.

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

11.2.4.3.2 The container shall be pressurized with gas sufficient to close the pinch valve rapidly and
completely.
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11.2.4.4 The isolation design shall include all information required to install and operate the system,
including the following:

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

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

(3) Minimum placement location for pinch valve relative to the protected volume or detector location
(4) Maximum placement location for pinch valve relative to the protected volume or detector location
(5) Maximum process and ambient temperature

(6) Maximum and minimum process flow rates

A=-(7)*Maximum permissible dust loading

(8) Minimum actuation pressure

11.2.4.5 Limitations. The specific application limitations created by equipment performance
specifications and process conditions shall not be exceeded. These limitations include the following:
(1) Minimum and maximum distance of a valve from the duct entrance

(2) Process and ambient temperatures

(3) Pdetection less than Pgtat 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 explosion prevention equipment shall be
addressed as specified in Section 15.10.

11.3.2* Disarming and Lockout/Tagout Procedures.

11.3.2.1 Disarming and OSHA lockout/tagout procedures (29 CFR 1910.147) and confined space
entry procedures (29 CFR 1910.146), or local country equivalent, shall be followed prior to entering
an enclosure or ductwork protected by an isolation system.

11.3.2.2 The isolation system shall be disarmed and locked out/tagged out prior to performing
maintenance operations on the protected enclosure, ducting, or isolation system if actuation could
result in injury.

11.3.2.3 Isolation systems shall meet applicable OSHA requirements.

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 interlocked through the isolation system control
panel so that operation cannot be resumed until the isolation system is armed.

11.4 Basic Design and Operation.

First Revision No. 41:NFPA 69-2008
[FR 42: FileMaker]
11.4.1 System Design Certification Verification.
11.4.1.1* System design methodology and application range shall have been supported by
appropriate testing and certified verified by an internationally recognized testing laboratory

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
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) Barrier formation dynamics, including duration

) Agent (barrier) concentration or quantity requirement

) Minimum and maximum barrier locations

) Post-barrier extinguishing distance

(7) Pressure at barrier placement

11.4.1.4 Mechanical 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) 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 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

(38) 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 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) Activation dynamics of the closure

(4) Minimum and maximum placements

(5) Pressure at valve placement

(6) Pressure limitation of hardware

(3
4
(5
(6

11.4.2 Protection System Design and Operation.
11.4.2.1* The owner or operator shall be responsible for a thorough analysis of the process that shall
be conducted to determine the type and degree of deflagration hazards inherent in the process.
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 diameters 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
) Temperature
(c) Pressure
) Oxidant concentration
) Fuel concentration
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(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 process 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 inspection by the authority having jurisdiction in
accordance with Section 15.9.

11.4.2.5 Inspection.

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

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

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

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

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

11.4.3.1 Upon request, the system manufacturer shall provide to the owner or operator
documentation supporting that the design is in compliance with the manufacturer’s independent 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 approved and available for review by the
authority having jurisdiction.

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

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

First Revision No. 5:NFPA 69-2008
[FR 5: FileMaker]

11-4-3-5-11.4.3.5 At commissioning As part of system acceptance, the system manufacturer and the
owner or operator shall document that the installation is in accordance with the design and that the
system is armed and functional. (See 15.6.)
11.4.3.5.1 Variances and any corrective actions shall be identified 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 appropriate.

11.4.4 Process Shutdown. Upon activation, the isolation system shall initiate an immediate,
automatic shutdown of the protected process.
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| 11.4.4.1 Upon receipt of a trouble signal from the isolation system, the protected process shall
initiate an immediate, automatic, 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 installation, 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.

| 11.5.2 Provisions shall be made to minimize obscuration of radiant energy detectors.
11.5.3 Detection devices shall be located to minimize accumulation of foreign material that would
affect functioning.

| 11.5.4 Detection devices shall be mounted so that their maximum 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 specified 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

) Energize all electrically operated actuating devices

) Energize local visual and audible alarms

(4) Transfer all auxiliary control and alarm contacts
) Control system-disabling interlock and process shutdown circuits

11.7.2 The control panel shall, as a minimum, fully and continuously supervise the following

conditions:

(1) Wiring circuits for opens and other faults

) AC power supply (primary)

) Battery voltage, presence, and polarity

) System safety interlock circuitry

) System-disabling interlock circuitry including lockout and tagout status

) Releasing outputs

) Electrically operated actuating devices

) Detection devices

) Local visual and audible alarms

0) Circuit ground fault

1) 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 shutdown of the process and protection system should unauthorized entry of a

protected enclosure be attempted.

| 11.7.5 If a pressurized container pressure falls below manufacturer'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, deflagration pressures, pressure piling, and flame-jet ignition between enclosures
that are interconnected by pipes or ducts.
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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.

First Revision No. 32:NFPA 69-2008
[FR 32: FileMaker]
12.2 Passive Isolation Techniques. Passive 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 diverters
(2) Passive float valves
(3) Passive flap valves
(34) Material chokes (rotary valves)
(45) Static dry flame arresters
(66) Hydraulic (liquid seal)-type flame arresters
(67) 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

(38) 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 enclosure, if any

(3) Length, cross-sectional area, configuration, and strength of the piping

(4) Turbulence-generating features in the piping such as fittings, 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 protected 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 expected 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 hazard, 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 Verification. The flame front diverter system shall be of a design that has been
verified by appropriate testing under deflagration conditions to demonstrate performance.

12.2.1.4.1 Performance demonstration shall include determination that the device is capable of
maintaining mechanical integrity under expected deflagration conditions and of limiting pressure piling
in the downstream protected equipment.

12.2.1.4.2* A report documenting the test conditions and application limits shall be verified by an
independent third party.
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12.2.1.5 Flame Front Diverter Application Limits. Flame front diverter limitations shall include, but
not be limited to, the following:

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

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

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

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

12.2.2* Flow-Actuated Float Valve. The interior of this valve shall be designed to contain a valve
plug (float) that can be moved axially within its housing. If an explosion (deflagration) 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 fittings, 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 manufacturer, shall be greater than the float valve closing pressure.

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

12.2.2.2.3 The valve shall include a means to latch it in the closed position upon actuation.
12.2.2.2.4 A signal shall be provided that indicates the valve is in the closed position.

First Revision No. 43:NFPA 69-2008
[FR 43: FileMaker]
12.2.2. 3* System Certlflcatlon Veﬂﬂeatlen The float valve system shallbe of a design-that has

deS|qn and appllcatlon range shaII have been supported bv approprlate testlnq and certlfled bv an
internationally recognized testing laboratory.

12.2.2.3.1 Performance demonstration shall include the required minimum and maximum location
placement distances from the expected ignition source and the range of allowable Predq for the
enclosure where the |gn|t|on mlght occur.

mdependentetmrd—partv Upon request the svstem manufacturer shaII prowde to the owner or

operator documentation supporting that the design is in compliance with the manufacturer’s
independent 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:
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(1) With slow propagating explosions, below the limits of the test data (Bartknecht, 1989)
(2) In a stream containing significant quantities of accumulating dust, as specified by the
manufacturer

First Revision No. 47:NFPA 69-2008
[FR 33: FileMaker]
12.2.3* Flow-Actuated Flap Valve. The flow-actuated flap valve shall contain a damper plate that
can rotate within its housing to allow flow in the normal process direction and to isolate the inlet line in
response to backpressure from a deflagration propagating upstream.
12.2.3.1 Flow-aActuated 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) Normal and operating dust concentration and material characteristics
(4) Type of deflagration protection used on the enclosure, if any
(5) Length, cross-sectional area, configuration, and strength of the piping
(6) Turbulence generating—features in the piping, such as fittings, valves, elbows, and wall
roughness
(7) Velocity of the combustible fuel—air mixture in the pipe
(8) Location of probable ignition sources
(9) Anticipated differential pressure across the valve during deflagration
(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
12.2.3.2 Flow-aActuated Flap Valve Design Criteria. Reserved.
12.2.3.3 System Verification. Reserved.
12.2.3.4 Flow-aActuated Flap Valve Application Limits. Reserved.

12.2.34* Material Chokes (Rotary Valves). Material chokes shall be permitted to be used as
isolation devices for processes handling dusts.

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

(1) Deflagration characteristics of the combustible material

(2) Volume, configuration, and operating characteristics of the equipment to be protected and the
conveying system

(3) Type of deflagration protection used on the vessel

(4) Maximum deflagration pressure that the rotary valve will experience

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

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

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

12.2.34.3* The design criteria in 12.2.34.3.1 through 12.2.34.3.9 shall be applicable to either concept
defined in 12.2.34.2.

12.2.34.3.1 The valve body and rotor shall have sufficient strength to withstand the maximum
anticipated explosion pressure, Pyg(d-

12.2.34.3.2 The design basis shall include the specific explosion characteristics (Kgt and Pmpax) of
the powder being handled.

12.2.34.3.3 The valve pressure resistance shall be certified or tested by a knowledgeable test
authority.
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12.2.34.3.4 There shall be at least six vanes on the rotor, diametrically opposed.

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

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

12.2.34.3.7 Rotary valve bearings shall be mounted externally.

12.2.34.3.8 An independent explosion detection device or interlock from another installed explosion
prevention or control system on the same protected enclosure shall be interlocked to automatically
stop the rotary valve upon a deflagration event.

12.2.34.3.9 The need for performance testing of the valve design shall be determined by the
authority having jurisdiction.

12.2.34.4* Rotary Valve with Material Blocking.

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

12.2.34.4.2 A level control switch shall be provided and interlocked to the rotary valve to maintain a
minimum material layer above the valve inlet flange.

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

12.2.34.5* Close-Clearance Rotary Valves.

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

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

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

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

12.2.45* Static Dry Flame Arresters.

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

(1) Devices that utilize a liquid-type flame arrester to prevent the passage of flame

(2) Devices that rely on gas flow velocity to prevent upstream propagation of flame

(8) Systems handling combustible dusts

First Revision No. 29:NFPA 69-2008
[FR 29: FileMaker]
12.2.45.2* Static Dry Flame Arrester Designs. For the purposes of this subsection, flame arresters
shall be divided into the following groups:
(1) In-line deflagration arrester
(2) In-line stable detonation arrester
(3) In-line unstable detonation arrester
(4) End-of-line deflagration arrester
(5) In-equipment deflagration arrester

12.2.45.3 Static Flame Arrester System Design Considerations. Static flame arrester system
design considerations shall include the following:

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

(2) Length, cross-sectional area, configuration, and strength of the piping on the unprotected side of
the flame arrester (ignition source)
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(3) Turbulence-generating features in the piping on the unprotected side such as fittings, valves,
elbows, and wall roughness

(4) Location of probable ignition sources

(5) Potential for continued burning

(6) Arrester orientation

(7) Process conditions during startup, normal operation, and shutdown

12.2.45.4* Static Dry Flame Arrester Design Criteria. Static dry flame arrester systems shall be
designed according to the criteria in 12.2.45.4.1 through 12.2.45.4.16.

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

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

12.2.45.4.3 Static dry flame arresters shall consist of a flame arrester element(s) in a housing.
12.2.45.4.4 Flame arresters shall be installed and maintained in accordance with the manufacturer's
instructions.

12.2.45.4.5 |In-line arresters that can experience continued burning for a time longer than that for
which they were tested or that are installed in a different orientation than in the approval test (i.e., an
arrester that has undergone continuous-burning test in a upright position with one end open to
atmosphere, but that is actually installed horizontally in a closed piping system) shall meet the criteria
in 12.2.45.4.5.1 through 12.2.4.4.5.4.

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

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

12.2.45.4.5.3 The shutoff temperature selected shall be determined on a case-by- case basis by, but
not limited to, the following criteria:

(1) The normal operating temperature of the vapor stream

(2) The maximum operating temperature of the vapor stream

(3) The vapor with the lowest autoignition temperature in the vapor stream

12.2.45.4.5.4 If thermocouples are used, they shall not be placed in thermowells unless specifically
tested in that configuration.

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

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

12.2.45.4.8 Continuous monitoring of pressure drop shall be provided if the process is known to
contain particulates or substances that may block the element and overpressurize the system.
12.2.45.4.9 Suitability of a flame arrester shall be checked if the process conditions or pipework
configuration has been changed.

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

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

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

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

12.2.45.4.14 Inspection. Arrester systems shall be designed to allow inspection for product buildup
on a frequency established by facility experience.
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12.2.45.4.14.1 Initially, until experience has determined otherwise, the unit shall be inspected based
on manufacturer’'s recommendations.

12.2.45.4.14.2 Design shall allow internal inspection of flame filter elements.

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

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

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

First Revision No. 31:NFPA 69-2008
[FR 31: FileMaker]

12.2.45.5 System Verification.
12.2.45.5.1 Flame arresters shall be tested in accordance with internationally recognized standards
for the identified in-line application (e.g., EM-USCGEN12874 150 16852)-FM and USCG
Standards; ISO 16852, Flame Arresters — Performance Requirements, Test Methods and Limits for
Use) and an independent third-party approval shall be issued.
12.2.45.5.2 Evidence that the manufacturing process is controlled within tolerances shall be available
to ensure reproducibility.
12.2.45.5.3 Light metal alloys shall not contain more than 6 percent magnesium.

12.2.45.6 Static Dry Flame Arrester Application Limits.

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

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

12.2.45.6.3 Use of these devices shall be limited to gas—air mixtures with an MESG equal to or
greater than that tested; special testing and approval shall be required for use with elevated oxygen
concentration or other oxidants.

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

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

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

First Revision No. 30:NFPA 69-2008
[FR 30: FileMaker]
12.2.45.6.7 Use of these devices shall not apply outside the tested application limits.
12.2.45.6.8 The choice of stable versus unstable detonation arresters shall be made by the owner or
operator in consultation with the vendor, giving consideration to piping configuration and location of
probable ignition sources.

12.2.45.6.79 These devices shall not be used for self-decomposing mixtures, unless specifically
tested for the application.
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12.2.56* Hydraulic (Liquid Seal)-Type Deflagration Arresters. A liquid—type deflagration arrester
shall be used for preventing the passage of flame by passing gas through a liquid.

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

12.2.56.2 Hydraulic (Liquid Seal) Flame Arrester System Design Considerations. Hydraulic
(liquid seal) flame arrester system design considerations shall include the following:

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

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

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

(4) Location of probable ignition sources

) Potential for continued burning

) Arrester orientation

(7) Process conditions during startup, normal operation, and shutdown

(8) Tendency for foaming

(9) Particulate load of the process vapors

(10) Maximum process volumetric flow

12.2.56.3 Hydraulic (Liquid Seal) Flame Arrester Design Criteria. Hydraulic (liquid seal) flame
arresters shall be designed according to the criteria in 12.2.566.3.1 through 12.2.5.3.27.

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

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

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

12.2.56.3.4 Hydraulic flame arresters that can experience continued burning for a time longer than
that for which they were tested or that are installed in a different orientation than in the approval test
(e.g., an arrester that has undergone a continuous-burning test in an upright position with one end
open to atmosphere but that is actually installed horizontally in a closed piping system) shall meet the
criteria in 12.2.66.3.4.1 through 12.2.56.3.4.3.

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

12.2.56.3.4.2 The shutoff temperature selected shall be determined on a case-by- case basis by, but
not limited to, the following criteria:

(1) The normal operating temperature of the vapor stream

(2) The maximum operating temperature of the vapor stream

(8) The vapor with the lowest autoignition temperature in the vapor stream

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

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

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

12.2.56.3.7 All joints shall be constructed and sealed in such a way that flame cannot bypass the
seal containment and also flame is prevented from propagating to the outside of the flame arrester.
12.2.56.3.8 Coatings of components that might be exposed to flames during operation shall not be
damaged in such a way that flame transmission is possible.

12.2.56.3.9 Inspection.
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12.2.56.3.9.1 Arrester systems shall be designed to allow inspection for product buildup on a
frequency established by facility experience.

12.2.56.3.9.2 |Initially, until experience has determined otherwise, the unit shall be inspected based
upon manufacturer’'s recommendations.

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

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

12.2.56.3.12 The hydraulic flame arrester seal level shall be constantly monitored and automatically
refilled.

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

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

12.2.56.3.15 Hydraulic flame arresters shall be inspected after each incident in which they have
been called upon to function, to determine if the unit has been damaged by the deflagration or
detonation.

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

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

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

12.2.56.3.19 The operational immersion depth shall be maintained by automatic control of the water
supply to ensure the minimum operational immersion depth.

12.2.56.3.20 Design shall allow internal inspection of the vessel.

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

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

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

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

12.2.56.3.25 Seal level detection and refilling shall be performed within 30 seconds.

12.2.56.3.26 Seal filling shall be fail-safe or redundant.

12.2.56.3.27* The seal volume and inner design shall be capable of withstanding three impacts of
maximum intensity without refilling of the seal liquid.

12.2.56.4 System Verification.

12.2.56.4.1 Hydraulic-type flame arresters shall be tested in accordance with internationally
recognized standards for the identified in-line application (e.g., EN 12874), and an independent third-
party approval shall be issued.

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

12.2.56.5 Hydraulic (Liquid Seal)-Type Deflagration Arrester Application Limits.

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

39 I First Draft Report: Proposed 2014 Edition NFPA 69



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

12.2.56.5.3 Use of hydraulic (liquid seal) arresters shall be limited to gas—air mixtures with an MESG
equal to or greater than that tested.

12.2.56.5.4 Hydraulic (liquid seal) arresters shall not be applied with elevated oxygen concentration
or other oxidants unless special testing is provided.

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

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

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

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

£*(1)*Liquid product flame arrester with siphon bypass for bidirectional transfer operation

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

3)¥-(3)* Liquid product flame arrester with foot valve for emptying operations only

12.2.67.2 Liquid Product Flame Arrester System Design Considerations. Liquid product flame
arrester system design considerations shall include the following:

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

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

(3) Arrester orientation

(4) Process conditions during startup, normal operation, and shutdown

(5) Maximum process volumetric flow

12.2.67.3 Liquid Product Flame Arrester Design Criteria. Liquid product flame arresters shall be
designed according to the criteria in 12.2.67.3.1 through 12.2.67.3.10.

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

12.2.67.3.2 Liquid product flame arresters shall be installed and maintained in accordance with the
manufacturer's instructions.

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

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

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

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

12.2.67.3.7 Inspection.

12.2.67.3.7.1 Arrester systems shall be designed to allow inspection for product buildup on a
frequency established by facility experience.

12.2.67.3.7.2 |Initially, until experience has determined otherwise, the unit shall be inspected based
on manufacturer’'s recommendations.

12.2.67.3.7.3 Design shall allow internal inspection of seal containment.

12.2.67.3.7.4 |If a siphon bypass device is included, design shall allow internal inspection of the
flame arrester element of the siphon bypass device.
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12.2.67.3.7.5 |f filter elements are included and these are exposed to corrosive media, filter
elements shall be designed such that they can be removed for inspection.

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

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

12.2.67.3.10 Liquid product flame arresters shall be inspected after each incident in which they have
been called on to function, to determine if the unit has been damaged by the deflagration.

12.2.67.4 System Verification.

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

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

12.2.67.5 Liquid Product Flame Arrester Application Limits.

12.2.67.5.1 These devices shall not be applied outside the approved temperature range unless
special testing is provided.

12.2.67.5.2 These devices shall not be applied outside the approved pressure range unless special
testing is provided.

12.2.67.5.3 Use of these devices shall be limited to gas—air mixtures with an MESG (vapor will result
from liquid evaporation) equal to or greater than that tested.

12.2.67.5.4 These devices shall not be applied with elevated oxygen concentration or other oxidants
unless special testing is provided.

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

12.2.67.5.6 These devices shall not be installed for volumetric flows above the maximum tested flow
for which they are designed.

Chapter 13 Deflagration Control by Pressure Containment
13.1 Application.
13.1.1 The technique for deflagration pressure containment shall be permitted to be considered for
specifying the design pressure of a vessel and its appurtenances so they are capable of withstanding
the maximum pressures resulting from an internal deflagration.
13.1.2 This chapter shall provide the basis for determining the vessel design pressure required to
withstand the pressures resulting from an internal deflagration.
13.1.3 This chapter shall be limited to systems in which the oxidant is air.
13.1.4 The design pressure specified by this chapter shall be based on the most severe set of
system conditions that can occur.
13.1.5* Deflagration pressure containment shall be applied to a vessel with attached equipment to
protect such equipment from imposed pressure loads that could equal or be greater than the pressure
loads experienced by the protected vessel.
13.2 Design Limitations.
13.2.1* Deflagration pressure containment techniques shall not be applied to systems for the purpose
of containing a detonation.

First Revision No. 27:NFPA 69-2008

[FR 27: FileMaker]

13.2.2* Deflagration pressure containment shall not be applied to systems where two or more vessels
are connected by large-diameter pipes or ducts, unless one of the following conditions
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is met:

(1) Deflagration pressure containment shall be permitted to be used where interconnected piping is
provided with deflagration isolation.

(2) Deflagration pressure containment shall be permitted to be used where venting is provided for
interconnected piping.

(3) Deflagration pressure containment shall be permitted to be used where interconnected vessels
are designed to contain the increased pressures due to the effects of prepressurization. (See-Arnex
S) (See Annex G.)

(4) Deflagration isolation or venting of one vessel shall be permitted to be used.

(5)*Deflagration pressure containment shall be permitted to be used for initial gauge pressures
exceeding 2 bar (30 psi) only when the maximum deflagration pressure ratio (R) is determined by test
or calculations.

13.3 Design Bases.

13.3.1 Enclosures protected by design for deflagration pressure containment shall be designed and
constructed according to the ASME Boiler and Pressure Vessel Code, or similar codes, where the
maximum allowable working pressure, herein designated as Pmawp, shall be determined by
calculation.

13.3.1.1 Such determinations shall include an allowable stress for the enclosure material of
construction, which is less than the measured yield stress and the measured ultimate stress for the
material of construction.

13.3.1.2 The design pressure shall be based on the wall thickness of the enclosure, subtracting any
allowance for corrosion or erosion. For existing enclosures, the design pressure shall be based on the
actual measured minimum wall thickness, subtracting a corrosion allowance.

13.3.1.3 The enclosure design shall take into consideration the minimum operating temperature at
which a deflagration could occur, which shall be compared with the temperature characteristics of the
vessel's construction material to ensure that brittle fracture cannot result from a deflagration.
13.3.1.4 The user shall determine whether permanent deformation of the protected enclosure, as a
result of a potential deflagration, can be accepted.

13.3.2 The design pressure of the enclosure, as calculated in 13.3.4, shall be based either on
preventing rupture of the enclosure (the ultimate strength of the enclosure), but allowing permanent
deformation (also called explosion-proof shock-resistant), or on preventing permanent deformation
(the yield strength of the enclosure, also called explosion-pressure shock-resistant) from internal
positive overpressure.

13.3.3 Due to the vacuum that could follow a deflagration, all enclosures whose deflagration
pressure containment design is based on preventing deformation shall also be designed to withstand
an absolute internal pressure of 68.95 kPa (10 psi) or they shall be provided with vacuum relief.
13.3.4* Given an initial pressure and dimensionless pressure ratio for the potential deflagration,
Pmawp shall be selected based on the following conditions as defined by Equation 13.1 or Equation
13.2:

(1) Permanent deformation, but not rupture, of the enclosure can be accepted.

[R(P+14.7)-14.7]
p |

o [(i]ﬁ] (13.1)

(2) Permanent deformation of the enclosure cannot be accepted.
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[R(P+147)-14.7]
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(13.2)

where:

Pmawp = enclosure design pressure (psig) according to ASME Boiler and Pressure Vessel Code
R = dimensionless pressure ratio

Pj = maximum initial pressure at which combustible atmosphere exists (psig)

F, = ratio of ultimate stress of the enclosure to the allowable stress of the enclosure according to
ASME Boiler and Pressure Vessel Code

F\, = ratio of the yield stress of the enclosure to the allowable stress of the materials of construction
of'the enclosure according to ASME Boiler and Pressure Vessel Code

13.3.4.1* The dimensionless ratio, R, is the ratio of the maximum deflagration pressure, in absolute
pressure units, to the maximum initial pressure, in consistent absolute pressure units.

13.3.4.2 For use as a practical design basis (since optimum conditions seldom exist in industrial
equipment), the value of R shall be as follows:

(1) For most gas and air mixtures, the value of R shall be 9.

(2) For St-1 and St-2 dustair mixtures, the value of R shall be 11.

(3) For St-3 dustair mixtures, the value of R shall be 13.

13.3.4.3 A value for R other than the values specified in 13.3.4.2 shall be permitted to be used if
such value can be substantiated by test data or calculations.

13.3.4.4 For operating temperatures below 25°C (77°F), the value of R" shall be calculated for use in
Equation 13.1 and Equation 13.2:

208 }

347 (13.3)

Fr*:ﬁ'[

where:

R’ = deflagration ratio adjusted for operating temperature

R = maximum deflagration ratio for the mixture measured at 25°C (77°F)

T; = operating temperature (°C)

13.3.5 The presence of any pressure relief device on the system shall not cause the design
pressure calculated by the methods of 13.3.4 to be reduced.

13.3.6* The maximum initial pressure for positive pressure systems shall be as follows:

(1) For positive pressure systems that handle gases and liquids, the maximum initial pressure, Pj,
shall be the maximum initial pressure at which a combustible atmosphere is able to exist, but a
pressure not higher than the setting of the pressure relief device plus its accumulation.

(2) For positive pressure systems that handle dusts, the maximum initial pressure shall be the
greater of the following two pressure values:

(a) Maximum possible discharge pressure of the compressor or blower that is suspending or
transporting the material

(b) Setting of the pressure relief device on the vessel being protected plus its accumulation

(3) For gravity discharge of dusts, the maximum initial pressure shall be the atmospheric gauge
pressure (0.0 bar or 0.0 psi).

13.3.7 For systems operating under vacuum, the maximum initial pressure shall not be less than
atmospheric gauge pressure (0.0 bar or 0.0 psi).

13.3.8 Auxiliary equipment such as vent systems, manways, fittings, and other openings into the
enclosure, which could also experience deflagration pressures, shall be designed to ensure integrity
of the total system and shall be inspected periodically.
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13.4 Maintenance.

Any enclosure designed according to the methods of this chapter shall be inspected and maintained
in accordance with local jurisdictional practices for registered pressure vessels. In particular, relief
devices shall be inspected periodically to ensure that they are not plugged, frozen, or corroded.
13.4.1 If not required by local jurisdiction, inspection and maintenance shall be in accordance with
API 510, Pressure Vessel Inspection Code: Maintenance Inspection, Rating, Repair, and Alteration.
13.4.2 Enclosures shall be inspected at least every 3 years.

13.4.3 Repairs and modifications to the enclosure shall be made consistent with the original design
code.

13.5 Threaded Fasteners.

Threaded fasteners on enclosure appurtenances shall be inspected to ensure that design pressure
ratings are maintained.

13.6 Inspection After a Deflagration.

Any enclosure designed to contain a deflagration that experiences a deflagration shall be inspected to
verify that the vessel is still serviceable for its intended use.

Chapter 14 Passive Explosion Suppression Using Expanded Metal Mesh or Polymer Foams
14.1* Applications.

14.1.1 The use of expanded metal mesh or reticulated polymer foams manufactured, tested, and
installed in accordance with the requirements of this chapter shall be permitted for explosion
suppression in unoccupied enclosures containing flammable gas or vapor.

14.1.2 These enclosures shall include, but not be limited to, fuel tanks, flammable liquid storage
tanks, portable containers, and flammable liquid cargo tanks.

14.2 Foam and Mesh Requirements.

14.2.1 Expanded metal mesh shall meet the requirements in 14.2.4.

14.2.2 Polymer foams shall meet the requirements in 14.2.5.

14.2.3 Both types of suppression materials described in this chapter shall satisfy the explosion
suppression test requirements in Section 14.3.

14.2.4 Expanded Metal Mesh Requirements.

14.2.4.1* Expanded aluminum or other metal mesh shall have a density of 24 to 51 kg/m3 (1.51t03.2
Ib/ft3) as determined by the average of three samples from the same manufacturing run as the
samples used for the other tests in Sections 14.2 and 14.3.

14.2.4.2 The expanded metal mesh shall have sufficient surface area to absorb the heat generated
in an incipient deflagration of a flammable gasair mixture as demonstrated by the tests described in
Section 14.3.

14.2.4.2.1 The expanded metal mesh surface area per unit volume shall be measured or calculated
for three samples.

14.2.4.2.2 The measurements and associated calculations shall be documented and made available
to the authority having jurisdiction.

14.2.4.2.3* Expanded metal mesh intended for the protection of alkaneair mixtures and other
flammable vapors with fundamental burning velocities within 15 percent of the fundamental burning
velocity of a near-stoichiometric propaneair mixture shall have a surface area-to-volume ratio of at
least 0.25 mm~1 (0.1 in.~1).

14.2.4.2.4 Expanded metal mesh intended for the protection of flammable gases or vapors with
faster burning velocities shall have a minimum area-to-volume ratio determined from explosion
suppression tests described in Section 14.3 with that particular flammable gas or vapor.

14.2.4.3* Pore Size.

14.2.4.3.1 Expanded metal mesh shall have a pore (cell) size that is smaller than the quenching
distance for the flammable gas or vapor expected in the protected enclosure.
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14.2.4.3.2 In the case of alkanes or flammable gases and vapors with fundamental burning
velocities within 15 percent of the near-stoichiometric propane-air burning velocity, the maximum pore
size shall be 2 mm (0.079 in.).

14.2.4.4* The metal alloy composition and the composition @and thickness of any coating shall be reported
in accordance with the most applicable ASTM, military, or industry standard.

14.2.5* Polymer Foam Requwements Polyurethane or other polymer foam shall have a density of
19to 32 kg/m (1.2t0 2.0 Ib/ft3 ) as determined by the density test described in ASTM D 3574,
Standard Test Methods for Flexible Cellular Materials Slab, Bonded, and Molded Urethane Foams.
14.2.5.1* The polymer foam number of pores per inch, as determined from the air flow test shown in
Figure 1 in MIL-DTL-83054C and in MIL-PRF-87260A, and the corresponding air flow versus pore
size correlation in Figure 2 and paragraph 4.6.4 of MIL-DTL-83054C or Figure 2 of MIL-PRF-87260A
for conductive polymer foam shall be a m|n|mum of 6 pores/cm (15 pores/in.) for foams with a
density of 19 to 24 kg/m (1.2t0 1.5 Ib/ft3 ) and at least 4 pores/cm (10 pores/in.) for foams with a
density of 26 to 32 kg/m (1.6t02.0 Ib/ft3 ).

14.2.5.2 For applications with liquids or gases with fundamental burning velocities greater than 0.5
m/sec (1.6 ft/sec) the minimum number of pores per inch shall be determined by test as described in
14.3.2.

14.2.5.3 The polymer foam shall have a maximum of 30 percent deflection when tested in
accordance with the constant deflection compression test described in paragraph 4.6.7 of MIL-DTL-
83054C and method B of ASTM D 3574.

14.2.5.4 Tensile Strength Specifications.

14.2.5.4.1 The polymer foam shall have a minimum tensile strength of 103 kPa (15 psi) when tested
in accordance with ASTM D 3574 and paragraph 4.6.5 of MIL-DTL-83054C.

14.2.5.4.2 |n addition, the foam shall not experience a loss of tensile strength greater than 50
percent when tested at the maximum expected application temperature.

14.2.5.5 Electrical Resistivity.

14.2.5.5.1 The polymer electrical resistivity shall be measured at 24°C (75°F ) or other temperature
representative of the protected process using the procedure described in ASTM D 257, Standard Test
Methods for DC Resistance or Conductance of Insulating Materials, and in Section 4.56.23 of MIL-
PRF-87260A (USAF), Foam Material, Explosion Suppression, Inherently Electrically Conductive, for
Aircraft Fuel Tank and Dry Bay Areas.

14.2.5.5.2* The polymer resistivity shall be less than 1 x 1011 ohm-cm at 24°C (75°F) or other
temperature representative of the protected process and at 55 percent £5 percent relative humidity.
14.2.5.6 The polymer ignitibility and fire heat release rate shall be measured using an oxygen
consumption calorimeter per NFPA 271, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consumption Calorimeter, at an imposed
radiant heat flux of 75 kW/mZ2.

14.2.5.6.1 The polymer time-to-piloted-ignition at this heat flux shall be longer than 5 seconds.
14.2.5.6.2 The heat release rate per unit area shall be documented and made available to the
authority having jurisdiction upon request.

14.2.5.7 The polymer foam shall demonstrate the resistance as shown in 14.2.5.7.1 and 14.2.5.7.2
to deterioration after being submerged in the container liquid for a period of 4 weeks.

14.2.5.7.1 After drying the foam, the tensile strength test referenced in 14.2.5.4.1 shall be repeated
with no more than a 40 percent reduction in measured strength.

14.2.5.7.2 The electrical resistivity test shall also be repeated, and the measured resistivity shall be
less than 1 x 1011 ohm-cm at 24°C (75°F) or other temperature representative of the protected
process and at 55 percent 5 percent relative humidity.

14.2.6 The foam shall be sufficiently flexible to be inserted into and fill up the protected enclosure,
using blocks of foam no smaller than 1 ft (0.3 m) in length or the smallest dimension of the enclosure,
whichever is smallest.
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14.2.7 The minimum foam block width and height shall be determined from the double void

explosion suppression tests described in 14.3.6 and 14.3.7 and the installation requirements in

Section 14.4.

14.2.8 Foam packages and shipping documents shall contain the foam make and type, the foam

density, the area-to-volume ratio, and the pore size.

14.3 Expanded Metal Mesh and Polymer Foam Explosion Suppression Testing.

14.3.1 Expanded metal mesh and polymer foams shall be subjected to explosion suppression

performance testing as described in 14.3.2 through 14.3.5.2.

14.3.2 Test results shall be as specified in 14.3.6 and 14.3.7.

14.3.3* Explosion suppression tests shaII be conducted with dry mesh or foam firmly inserted in

closzed test vezssels of at least 140 L (5 ft3) volume, and with a cross-sectional area of at least 64,500
(100 in.<).

14.3.3.1 The first test shall be conducted with the vessel 80 percent filled with mesh or foam of

documented area-to-volume ratio or pore size and percent liquid displacement, and the remaining 20

percent of the volume empty except for the gas—air mixture described in 14.3.4.

14.3.3.2 The second test shall be conducted with the vessel 90 percent filled with mesh or foam,

with a 10 percent void volume.

14.3.4 The tests shall be conducted with a flammable gas—air mixture with a fundamental burning

velocity representative of the burning velocities of flammable vapors expected in the intended

applications.

14.3.4.1 Propane at a concentration in the range 4.4 to 4.8 volume percent shall be used for

applications in which the flammable gas has a fundamental burning velocity in the range 350 to 500

mm/sec (1.15 to 1.64 ft/sec).

14.3.4.2 Suppression tests for applications involving other flammable gases or vapors shall be

conducted with a representative gas—air mixture at a concentration in the range 1.1 to 1.2 times the

stoichiometric concentration.

14.3.4.3 After the gas mixture has been established uniformly throughout the test vessel, the gas

concentration shall be verified by a calibrated gas analyzer or by sampling and subsequent chemical

analysis.

14.3.4.4 The pressure in the test vessel prior to ignition shall be representative of the normal

operating pressure of the intended application.

14.3.5 The flammable gas—air mixture shall be ignited with an ignition source of at least 10 joule

energy triggered in the void volume, and the resulting reduced explosion pressure, Prgq, shall be

measured and reported.

14.3.5.1 After conducting the second test (with the 10 percent void volume), all the mesh or foam

shall be removed and the explosion test repeated with the same gas mixture in the gas-filled closed

vessel, or in another test vessel of similar volume.

14.3.5.2 The value of Pnax measured without the mesh or foam shall be measured and reported.

14.3.6 Single Void Explosion Suppression Tests.

14.3.6.1 A particular composition and porosity of expanded metal mesh or polymer foam shall be

permitted for explosion suppression applications if the value of Pygq measured in the 10 percent void

volume test at initially atmospheric pressure is no greater than 34 kPa (5 psi), and if the pressure

measured in the test with the 20 percent void volume is no greater than 83 kPa (12 psi).

14.3.6.2 |If the tests and intended application has a pre-ignition pressure, Pq, of some other value,

the maximum allowable values of Prgg shall be determined from the values of (Preqd — P0)/(Pmax —

Po) per Table 14.3.6.2.

Table 14.3.6.2 Allowable Results of Single Void Explosion Suppression Tests
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Maximum Value of

Void Volume Fraction (Pred — P0)(Pmax — Po)
0.10 0.043
0.20 0.10

14.3.7* Double Void Explosion Suppression Tests.

14.3.7.1 Double void explosion suppression tests shall be conducted with the same vessel, gas
mixture, and ignition source as described in 14.3.3 through 14.3.6, but now with two voids separated
by varying thicknesses of dry expanded metal mesh or polymer foam.

14.3.7.2 Starting with 5 cm (2 in.), the thickness of mesh or foam shall be increased in 2.5 cm (1 in.)
increments until the tests demonstrate that the flame does not propagate across the mesh or foam
from the ignition void to the second void, as determined from measured temperature increase or
visual records, as well as pressure rise.

14.3.8 The minimum thickness of mesh or foam required to achieve suppression in the double void
tests shall be no greater than 127 mm (5 in.).

14.4 Expanded Metal Mesh or Polymer Foam Installations.

14.4.1* Explosion suppression mesh or foams shall be installed only in enclosures with ultimate
strengths or yield strengths, as determined by the owner or operator, equal to at least 1.5 times the
value of Prgg determined from the 20 percent single void volume explosion suppression tests
described in 14.3.3 through 14.3.6.

14.4.2* The mesh or foam shall fill at least 90 percent of the entire enclosure volume as verified by
visual inspection during and following the installation.

14.4.2.1 The minimum thickness of any one block of mesh or foam used in the installation shall be
the value determined in the double void volume tests described in 14.3.7.

14.4.2.2 Documentation of the installed fill fraction and minimum thicknesses of mesh or foam, as
well as the explosion suppression test results, shall be made available to the authority having
jurisdiction upon request.

14.5 Expanded Metal Mesh or Polymer Foam Maintenance and Replacement.

14.5.1 Inspection.

14.5.1.1 Mesh or foam installations shall be initially inspected for any evidence of deterioration at
intervals of no greater than 6 months. Further guidance on inspection shall be in accordance with
Chapter 15.

14.5.1.2 When there is visual evidence of deterioration, the mesh or foam shall be replaced, in
accordance with the installation requirements in Section 14.4.

14.5.1.3 Mesh or foam installations shall be inspected following any explosion or fire exposure.
14.5.2 Disposal of used, liquid-contaminated mesh or foam shall be in accordance with local
environmental regulations.

Chapter 15 Installation, Inspection, and Maintenance of Explosion Prevention Systems
15.1 General.
15.1.1 This chapter covers the installation, inspection, and maintenance procedures necessary for
proper function and operation of explosion prevention and control systems.
15.1.2 Sections 15.7 through 15.11 shall be applied retroactively.
15.1.3 Design considerations shall follow the requirements listed in the applicable chapter of NFPA
69.
15.2 Installation.
15.2.1 Design and Submittal Documentation.
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15.2.1.1 A design record file including data sheets, installation details, and design calculations shall
be assembled following the requirements of this document’s technique chapters and maintained for
each application, suitable for use in validating the system design including, as applicable, the
following criteria:

(1) Manufacturer’s data sheets and instruction manuals

(2) Design calculations including final reduced (Preg() pressures
(3) General specifications

(4) Explosion prevention system equipment list

(5) Sequence of operation for each system

(6) End user inspection and maintenance forms

(7) User documentation of conformity with applicable standards and the appropriate chapter of this
standard

(8) Combustible material properties and source of data

(9) Process hazard review

(10) Process plan view including protected process, placement location of all explosion prevention
devices, and personnel work locations

(11) Process elevation view

(12) Electrical wiring diagram, including process interlock connection details
(13) Mechanical installation drawings and details

(14) Electrical installation drawings and details

(15) Process interlocks identifying each equipment interlock and function (P&ID)

(16) Employee training requirements

15.2.1.2 All design and installation parameters shall be field verified prior to installation of explosion
prevention systems.

15.2.2 As-built drawings, system user instruction manuals, and service maintenance requirements
shall be presented to the owner or operator at project completion.

15.3 Mechanical Installation.

15.3.1 Mounting locations shall follow the manufacturer’s requirements, since explosion prevention
systems are location-sensitive.

15.3.1.1 Location changes shall be made only with the approval of the explosion prevention system
manufacturer.

15.3.1.2 Mounting locations shall be chosen so as not to exceed maximum operating temperatures
of system components.

15.3.1.3 Mounting locations shall include safe access for installation, service, inspection, and
maintenance, up to and including work platforms as required by local workplace safety regulations.
15.3.2 Detectors shall be mounted according to manufacturer instructions to protect them from
shock, vibration, accumulation of foreign material, and clogging or obscuration of the sensing area.
15.3.3 Discharge nozzles shall be located and oriented so that they will not be obstructed by
structural elements in the discharge pattern or by solid particle accumulation.

15.3.4 Mechanical installation and system components shall be made from material that will be
protected from corrosion and other contaminants.

15.3.5 Detectors shall be mounted such that a means for inspecting and removing obstructions to
the sensing pathway is provided.

15.3.6 Detector mounting shall incorporate means to minimize unwanted system actuation due to
vibration or shock, where applicable.

15.4 Agent, Agent Storage Containers, Automatic Fast-Acting Valves, Flame Arresters, and
Flame Front Diverters.

15.4.1* The adapting mounting hardware and the mounting surfaces for all protection system
components shall be able to withstand the static and dynamic load, including the thrust or impulse
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pressure requirements of the original equipment manufacturer and temperature requirements of the
application.

15.4.2 Agent storage containers installed externally to the protected process shall be mounted such
that a means for inspecting the agent discharge pathway for obstructions is provided.

15.4.3 Agent storage containers shall be mounted so that the process or environmental temperature
attained at the location of electrically fired actuators shall not exceed the maximum temperature for
which they are rated.

15.5 Electrical Installation.

15.5.1 All electrical equipment and installations shall comply with the requirements of NFPA 70,
National Electrical Code.

15.5.2 Terminals and connections shall be protected from moisture and other contaminants.
15.5.3 Hazardous (classified) areas that are identified in accordance with 15.5.1 shall be
documented, and such documentation shall be permanently maintained on file for the life of the
facility.

15.5.4 Wiring for input and output control circuits shall be isolated and shielded and protected from
other wiring to prevent possible induced currents.

15.5.5 Instrumentation included as part of an explosion prevention or protection system shall meet
the requirements of 15.5.5.1 through 15.5.5.4.

15.5.5.1* Control systems shall be installed, maintained, and isolated from the basic process control
system.

15.5.5.1.1 Minimum functional testing requirements shall be in accordance with this chapter.
15.5.5.1.2 When supported by a documented hazard analysis, the functional testing requirements
shall be permitted to be reduced for routine inspections.

15.5.5.2* Class A or Class B circuits as described in NFPA 72, National Fire Alarm Code, shall be
employed when the following components are connected to the control panel:

(1) Concentration measurement devices, explosion detection devices, and other initiating devices
) Concentration controlling valves

) Releasing devices, solenoids, or actuators

(4) Supervisory devices that monitor critical elements or functions such as low pressure switches

) Notification appliances

(6) Signaling line circuits

15.5.5.3 A signaling line circuit used as part of an explosion protection or suppression system shall
not be shared by other operating systems.

15.5.5.4 A signaling line circuit shall not be used by more than one explosion prevention system
unless certified by the original manufacturer.

15.5.6 Wiring.

15.5.6.1 Wiring for explosion prevention systems shall be isolated from other facility wiring.
15.5.6.2 Wiring for multiple explosion prevention systems shall be isolated from each other, unless
shielded or shielded and operating as an intrinsically safe circuit.

15.5.7 Sealed fittings shall be installed at all sensor and suppressor/valve actuator connection boxes
to provide protection from moisture and contaminants.

15.5.8 Connections and boxes shall meet the National Electrical Manufacturer's Association (NEMA)
rating appropriate to the operating environment.

15.5.9 A reliable source of electrical energy shall be used that meets the requirements of the
manufacturer.

15 6 Inctallation Cheel Lo

First Revision No. 6:NFPA 69-2008
[FR 6: FileMaker]
15.6 Installation Checkout and Commissioning System Acceptance.
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45.6-14-15.6.1 Prior to use, factory authorized personnel shall check out the explosion prevention
system, including the following steps, as applicable:

(1) Conduct a walkthrough and general visual inspection of eerrect location, size, type, and mounting
of all system components.

(2) Physically inspect system components, including mechanical and electrical component integrity.
(3) Conduct control unit functional testing.

(4) Make point-to-point wiring checks of all circuits.

(5) Ensure Verify the continuity and condition of all field wiring.

(6) Inspect sensing pathway and calibrate initiating devices.

(7) Verify that eerreet installation of system components, including sensing devices, fast-acting
valves, suppressant storage containers, nozzles, spreader hoses, protective blowoff caps, plugs, and
stoppers, is in accordance with the manufacturer's specifications.

(8) Verify system sequence of operations by simulated activation to verify system inputs and outputs.
(9) Conduct automatic fast-acting valve stroke test.

(10) Conduct prevalidation testing, verify system interlocks, and shutdown circuits.

(11) Identify and fix discrepancies before arming and handing off to user or operator.

(12) Recalibrate detection sensing devices to final set points.

(13) Complete record of system eommissioning-inspesction acceptance, including hardware serial
numbers, detector pressure calibrations, and suppressor and valve actuator charging pressures-psig,
as appropriate.

(14) Conduct end user training as required in Section 15.10.

(15) Conduct final validation testing for authority having jurisdiction.

(16) Arm the explosion prevention system.

15.7 Inspection.

15.7.1 Systems shall be inspected and tested at 3-month intervals.

15.7.1.1 Systems designed by the owner or operator shall be inspected by personnel authorized by
the owner or operator.

15.7.1.2 Systems designed by the manufacturer shall be inspected by personnel trained and
authorized by the system manufacturer.

15.7.1.3* The frequency of inspection described in 15.7.1 shall be permitted to be increased or
decreased based on documented operating experience or a documented hazard analysis, and only
with approval of both the explosion prevention system designer and the AHJ.

15.7.1.4 Maximum inspection and test interval shall not exceed 2 years.

15.7.2 Disarming and OSHA lockout/tagout procedures (29 CFR 1910.147) and confined space
entry procedures (29 CFR 1910.146), or local country equivalent, shall be followed prior to entering or
performing maintenance operations on the protected equipment or performing maintenance on the
explosion prevention system.

15.7.2.1* Inspection and maintenance procedures shall comply with the manufacturer’s instructions.
15.7.2.2 Operation of the protected equipment shall be interlocked through the explosion prevention
systems control panel so that operation cannot be resumed until OSHA lockout/tagout procedures are
reversed and the explosion prevention system is rearmed.

First Revision No. 36:NFPA 69-2008
[FR 37: FileMaker]
15.7.3* An inspection of explosion prevention systems shall be conducted in accordance with the
system designer’s requirements and project specifications and shall include the following conditions,
where applicable:
(1) The process and processed material have not changed since the last inspection.
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(2) The explosion prevention system has been properly installed in accordance with this standard and
the manufacturer’s instructions.

(3) System components, including mounting arrangements, are not corroded or mechanically
damaged.

(4) User operation instructions are provided near the control unit.

(5) System components are clearly identified as an explosion prevention device.

(6) System components have no damage from the process, acts of nature, or debris.

(7) System components have not been painted or coated without prior approval from the original
equipment manufacturer.

(8) System components are not blocked by process material.

(9) System components have not been tampered with.

(10) The system has not discharged or released.

(11) System seals, tamper indicators, or discharge indicators, if provided, are in place and
functioning.

(12) The control unit functions according to design requirements, circuits are properly supervising the
system, and status is “normal condition” when armed.

(13) The system wiring is free from ground conditions and faults.

(14) System suppressors and valve actuators are pressurized and operational.

(15) System interlocks are verified for preper sequence and functioning in accordance with the
relevant specifications.

(16) Mechanical isolation, (such as rotary valves), if used, {such-asrotary-valves—ete}-is maintained
within the requirements of this standard and design tolerances.

(17) Plant fire notification is verified.

(18) System sequence of operation is verified by simulated activation.

(19) System component serial numbers are verified as the same as those recorded during the last
inspection.

15.7.4 A container having a pressure (corrected for temperature) that is less than the minimum
value specified by the manufacturer shall be reconditioned or replaced.

15.7.5 Suppressant agent pressurized cylinders shall be verified to be compliant with DOT and/or
ASME requirements.

15.7.6 The owner or operator shall verify by signature on the inspection form that the production
process material has not changed from that identified in the design record file.

15.7.7 The explosion prevention system design record file shall be maintained and made available
for management of change review, employee training information, and inspection purposes.

15.7.8 Deficiencies found during inspections shall be reported to the owner or operator along with
recommended remedial actions.

15.8 Procedures Following System Actuation.

15.8.1* In the event of explosion prevention system actuation, inspection and testing, as specified in
Section 15.7, shall be performed before the system is placed back into service.

15.8.2* An investigation and review of the cause of the explosion prevention system actuation shall
be made.

15.9 Recordkeeping.

15.9.1 A record shall be maintained that indicates the date and the results of each inspection and
the date and description of each maintenance activity.

15.9.2 System inspection reports shall be kept or accessible at the site for at least 3 years. The
report shall include test and calibration data on all system components.

15.9.3 The records of inspections shall be retained by the owner or operator for the life of the
protected process.
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15.9.4 A copy of the records of inspection shall be made available to the explosion prevention
system manufacturer, if requested.

15.10 Personnel Safety and Training

15.10.1 Operating and maintenance procedures and emergency plans shall be developed. The
plans and procedures shall be revalidated annually and as required by management of change
procedures.

First Revision No. 37:NFPA 69-2008
[FR 38: FileMaker]
45-140-2-15.10.2 Initial and, at a minimum, annual refresher training shall be provided to personnel
who operate, maintain, supervise, or are exposed to equipment and processes protected by
explosion prevention systems. Training shall include the following issues:
(1) Hazards of the workplace
(2) General orientation, including plant safety rules
(3) Process description
(4) Equipment operation, safe startup, shutdown, and response to upset conditions
(5) The necessity for meper—tuneﬂenmg—ef—rela%ed fire and explosion protection systems
(6) Maintenance requirements and practices
(7) Explosion prevention system arming and disarming procedures
(8) Process lockout/tagout procedures
(9) Housekeeping requirements
(10) Emergency response and egress plans
(11) Management of change procedures
(12) System impairment reporting procedures

15.10.3 Disarming and lockout/tagout procedures shall be followed prior to entering equipment
protected by explosion prevention systems.

15.10.3.1 The explosion prevention system shall be disarmed and the process shall be shut down
prior to performing maintenance operations on the protected equipment or the explosion prevention
system.

15.10.3.2 Operation of the protected equipment shall be interlocked through the explosion
prevention system controls so that operation cannot be resumed until the prevention system is
armed.

15.11 Management of Change.

15.11.1 Management shall implement and maintain written procedures to evaluate proposed
changes to facility and processes, both physical and human, for the impact on safety, explosion
prevention, and control.

15.11.2 Management of change procedures shall be followed for any change to process, materials,
technology, equipment, process flow, exposure, or procedures affecting equipment protected by
requirements in this document.

15.11.3* Management of change documentation shall be available for review by the relevant authority
having jurisdiction and the manufacturer or designer of explosion prevention equipment.

15.11.4 The management of change procedures shall ensure that the following issues have been
addressed prior to any change:

(1) The technical basis for the proposed change

(2) Process material changes

(3) Safety and health implications

(4) Fire and explosion prevention systems review
(5) Whether the change is permanent or temporary
(6) Personnel exposure changes
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(7) Modifications to operating maintenance procedures

(8) Employee training requirements

(9) Authorization requirements for the proposed change

15.11.5 Explosion prevention system documentation as required by Chapter 15 shall be updated to
incorporate the change.

15.11.6 Implementation of the management of change procedures shall not be required for
replacements-in-kind or refurbishment of explosion prevention systems.

15.11.7 An annual statement declaring no change shall be created and maintained for the life of the
process.

15.12 Maintenance.

15.12.1 Maintenance shall be performed after any condition that could impair the protection system,
in accordance with the manufacturer’s requirements.

15.12.2 A visual inspection shall be performed in accordance with Section 15.7 after every process
maintenance turnaround.

15.12.3 If process material has a tendency to adhere to the system components, the affected
components shall be cleaned periodically to maintain system efficiency.

15.12.4 Process interlocks shall be verified.

15.12.5 Inspection for potential ignition sources shall be conducted and, where practical, eliminated
or maintained within permissible limits.

15.12.6 Records shall be kept for a minimum of 10 years of any maintenance and repairs
performed.

Annex A Explanatory Material
Annex A is not a part of the requirements of this NFPA document but is included for informational
purposes only. This annex contains explanatory material, numbered to correspond with the applicable
text paragraphs.
A.1.2.3 Some jurisdictions, industries, and companies require system reliability to meet a target
measure of failure on demand for hardware. These targets can be stated as a level of safety integrity.
Establishing safety integrity levels is covered by ISA and other organizations. The requirements of
this standard and the review and approval processes stated are intended to establish an acceptable
level of reliability. Nothing in this standard is intended to prevent the use of safety integrity levels used
by other organizations. (See also A.15.5.5.1.)
A.1.3.1.3 Where ignition is deemed a significant risk in either interconnected enclosure, each such
enclosure should also be protected using a method for explosion prevention. For such a case,
deflagration isolation is usually needed between the interconnected vessels in addition to a method
for explosion prevention on each interconnected vessel. The use of explosion venting alone for the
interconnected enclosures, without deflagration isolation, is limited due to the potential for increased
explosion severity, as explained in NFPA 68, Standard on Explosion Protection by Deflagration
Venting. The use of containment or foam alone for the interconnected enclosures, without
deflagration isolation, is limited also by the potential for transition to a detonation, as explained in the
relevant chapters.
A.1.3.2(2) For information on deflagration venting, see NFPA 68, Standard on Explosion Protection
by Deflagration Venting.
A.1.3.2(8) For information on cutting and welding practices, see NFPA 51B, Standard for Fire
Prevention During Welding, Cutting, and Other Hot Work. For information on preparation of tanks,
piping, or other enclosures for hot work, see NFPA 326, Standard for the Safequarding of Tanks and
Containers for Entry, Cleaning, or Repair.
A.3.2.1 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or materials, the

53 I First Draft Report: Proposed 2014 Edition NFPA 69



authority having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization that is concerned with product evaluations and is thus in a
position to determine compliance with appropriate standards for the current production of listed items.
A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “authority having jurisdiction,” or its
acronym AHJ, is used in NFPA documents in a broad manner, since jurisdictions and approval
agencies vary, as do their responsibilities. Where public safety is primary, the authority having
jurisdiction may be a federal, state, local, or other regional department or individual such as a fire
chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation; some organizations do not recognize equipment as listed unless it
is also labeled. The authority having jurisdiction should utilize the system employed by the listing
organization to identify a listed product.

First Revision No. 10:NFPA 69-2008
[FR 10: FileMaker]

A.3.3.4 Combustible Dust. For purposes of this standard, a combustible particulate solid exhibiting
only a fire hazard under normal, abnormal, and upset process conditions is excluded. Materials that
cannot burn at ambient conditions can become combustible or explosible at elevated temperature, at
elevated pressure, or when fuel vapors are present.
Both NFPA 69 and NFPA 68, Standard on Explosion Protection by Deflagration Venting, use the term
combustible dust in its explosion hazard context. In other words, the term combustible dust in both
NFPA 69 and NFPA 68 is synonymous with the term explosible dust used in the test standards.
Dusts traditionally have been defined as a material 420 impum or smaller (capable of passing through
a U.S. No. 40 standard sieve). For consistency with other standards, 500 mierens-um (capable of
passing through a U.S. No. 35 standard sieve) is now considered an appropriate size criterion. The
ratio of Pparticle surface area to volume ratio-is a key factor in determining the rate of combustion.
Combustible particulate solids with a minimum dimension more than 500 mierons-um generally have
a surface to vqume ratlo that is too smaII to pose a deflaqratlon hazard Arny—taurnarIeIe—rnatenehl

partlcles fIakes or partrelesef flbers W|th Iengths that are Iarge compared to-with the|r diameter
usually do not pass through a 420 500 imum sieve yet could still pose a deflagratlon hazard.

Furthermore,-mMany particulates accumulate electrostatic charge in handling, causing them to attract
each other; and forming agglomerates. Often agglomerates behave as if they were larger particles,
yet when they are dispersed they present a significant hazard. Consequently, it can be inferred that
any partlculate that has a minimum dlmenS|on of tess—than—er—eeual—te—SOO mrerensum or less surface
could

behave as a combustlble dust |f suspended in air or the process-specmc OX|d|zer.

If the minimum dimension of the particulate is greater than 500 microns-um, it is unlikely that the
material would be a combustible dust, as determined by test. The determination of whether a sample
of combustible material presents a flash fire or explosion hazard could be based on a screening test
methodology such as provided in the-ASTM E 1226, Standard Test Method for Explosibility of Dust
Clouds. Alternatively, a standardized test method such as ASTM E 1515, Standard Test Method for
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Minimum Explosible Concentration of Combustible Dusts, could be used to determine dust
explosibility.

There is some possibility that a sample will result in a false positive in the 20 Liter sphere when tested
by the ASTM E 1226 screening test or the ASTM E 1515 test,- Fhisis-due to the high-energy ignition
source over-driving the test. When the lowest ignition energy allowed by either method still results in
a positive result, the owner/operator can elect to determine whether the sample is a combustible dust
with screening tests performed oin a larger-scale (=>21 m®) enclosure, which is less susceptible to
over-driving-overdriving and will provide more realistic results.

Theis possibility for false positives has been known for quite some time and is attributed to “over-
driven” “overdriven” conditions that exist in the 20 liter-L chamber due to the use of stronq pyrotechnic
igniters. For that reason, the reference method for explosibility testing is based on a 1 m° chamber,
and the 20 L chamber test method is calibrated to produce results comparable to those from a 1 m3
chamber for most dusts. In fact, the U.S. standard for 20 L testing (ASTM E 1226) states, “The
objective of this test method is to develop data that can be correlated to those from the 1-m° chamber
(described in ISO 6184/1 and VDI 3673)—." ASTM E 1226 further states, “Because a number of
factors (concentration, uniformity of dispersion, turbulence of ignition, sample age, etc.) can affect the
test results, the test vessel to be used for routine work must be standardized using dust samples
whose Ksi and Pmax parameters are known in the 1-m°>1 m° chamber.”

NFPA 68 also recognizes this problem and addresses it, stating: “tThe 20 L test apparatus is
designed to simulate results of the 1m> chamber; however, the igniter discharge makes it problematic
to determine Ks; values less than 50 bar-m/sec. Where the material is expected to yield Ks; values
less than 50 bar-m/sec, testing in a 1 m°> chamber might vield lower values."

Fhis The term; combustible dust; is not exclusive to dusts; but also includes fibers, fines, chips,
chunks, flakes, and mixtures ef-thesethereof. A definition of this breadth is necessary because it is
crucial to address the fact that there is attrition of the material as it is conveyed. Pieces and particles
rub against each other and collide with the walls of the duct as they travel through the system. The
rubbing and collision break down the material and produce a mixture of pieces and much finer
particles; called “dusts.” Consequently, it is expected that every conveying system produces dusts,
regardless of the starting size of the material, as an inherent by-product of the conveying process.
Most commercial test laboratories offer a low-eest screening (“go” or “no go”) test to establish whether
a dust sample is combustible ernot. Fhese The test methods method commonly use uses the test

apparatuses anratu descrlbed in ASTM E 1226 Standard Test Method for Explos:bllltv of Dust

Any time a combustible d.ust is processed or handled, a potential for deflagration exists. The degree
of deflagration hazard varies, depending on the type of combustible dust and the processing methods
used.

A dust deflagration explesien has the following four components:

(1) Combustible dust

(2) Dust dispersion in air or other oxidant at-er-exceeding-the-minimum-explosible-concentration
(MEG)

(3) Sufficient concentration at or exceeding the minimum explosible concentration (MEC)
(34) Sufficiently powerful ignition source such as an electrostatic discharge, an electric current arc, a
glowing ember, a hot surface, welding slag, frictional heat, or a flame

If the deflagration is confined and produces a pressure sufficient to rupture the confining enclosure,
the event is, by definition, an “explosion.”

Evaluation of the hazard of a combustible dust should be determined by the means of actual test
data. Each situation should be evaluated, and applicable tests should be performed under conditions
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that will be a conservative representation of the operations under normal, abnormal, and upset
conditions. The following factors are sometimes used in determlnlng the deflagration hazard of a dust:
(1) Minimum-explosible-concentration{MEC) as defined in ASTM E 1515, Standard Test Method for
Minimum Explosible Concentration of Combustible Dusts

(2) Minimum ignition energy (MIE) as defined in ASTM E_2019, Standard Test Method for Minimum
Ignition Energy of a Dust Cloud in Air

(3) Particle size distribution

(4) Moisture content as received and as tested

(5) Maximum explosion pressure at optimum concentration

(6) Maximum rate of pressure rise at optimum concentration

(7) Kst (normalized rate of pressure rise) as defined in ASTM E 1226

(8) Layer ignition temperature as defined in ASTM E 2021, Standard Test Method for Hot-Surface
Ignition Temperature of Dust Layers

(9) Dust cloud ignition temperature as defined in ASTM E_1491, Standard Test Method for Minimum
Autoignition Temperature of Dust Clouds

(10) Limiting oxidant concentration (LOC) to prevent ignition

(11) Electrical volume resistivity

(12) Charge relaxation time

(13) Chargeability

It is important to keep in mind that as particulate is processed, handled, or transported the particle
size generally decreases due to particle attrition. Consequently, it is often necessary to evaluate the
explosibility of the particulate at multiple points along the process. Where process conditions dictate
the use of oxidizing media other than air (nominally taken as 21%percent oxygen and 79%percent
nitrogen), certain of the abeve-tests should be conducted in the appropriate process-specific medium.

A.3.3.5 Combustible Particulate Solid. Combustible particulate solids include dusts, fibers, fines,
chips, chunks, flakes, and mixtures of these. A definition of this breadth is necessary because it is
crucial to address the fact that there is attrition of the material as it is conveyed. Pieces and particles
rub against each other and collide with the walls of the duct as they travel through the system. The
rubbing and collision break down the material and produce a mixture of pieces and much finer
particles, called dusts. Consequently, it is expected that every conveying system produces dusts,
regardless of the starting size of the material, as an inherent by-product of the conveying process.
A.3.3.16 Flame Arrester. The emerging gases are sufficiently cooled to prevent ignition on the
protected side.

First Revision No. 26:NFPA 69-2008
[FR 26: FileMaker]

A.3.3.19 Flammable Limits. Flammable limits for gases and vapors are typically defined as volume
percentages, whereas flammable limits for dusts are defined as mass concentrations (mass per unit
volume). When expressed in mass concentration units, the lower flammability limit is referred to as
the Mminimum Eepr03|bIe Gconcentration (MEC)
See NFPA 325,-Gy
Guide to Fire Hazard Propert/es of Flammable L/qwds Gases and Volatlle SO/IdS (Note AIthough
NFPA 325 has been officially withdrawn from the National Fire Codes®, the information is still
available in NFPA's-Fire Protection- Guideto- Hazardous-Materials Fire Protection Guide to Hazardous
Materials.)

A.3.3.22 Hybrid Mixture. In certain processes, flammable gases can desorb from solid materials. If
the solid is combustible and is dispersed in the gas—oxidant mixture, as can be the case in a fluidized
bed dryer, a hybrid mixture can also result.
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A.3.3.24 Isolation. Stream properties include deflagration, mass flow, and ignition capability.

First Revision No. 19:NFPA 69-2008
[FR 19: FileMaker]
A.3.3.25 Limiting Oxidant Concentration (LOC). Materials other than oxygen can act as oxidants.
The LOC depends upon the temperature, pressure, and fuel concentration as well as the type of
diluent. Preliminary results of the ASTM E 2079, Standard Test Methods for Limiting Oxygen
(Oxidant) Concentration in Gases and Vapors, round robin tests for gases and vapors revealed that
the LOC data that were obtained using different test methods and that are listed in a majority of
reference publications are nonconservative. The old Bureau of Mines data were obtained mostly in a
50 mm diameter flammability tube. This diameter might be too small to mitigate the flame-quenching
influence, thereby impeding accurate determination of the LOC of most fuels. The 4 L minimum
volume specified in ASTM E 2079 would correspond to a diameter of at least 200 mm (7.9 in.). As a
result, some LOC values determined using this standard are approximately 1 percent by volume
oxygen lower than the previous values measured in the flammability tube, and a few are even up to 2
percent by volume lower. The lower LOC values obtained in larger chambers are more appropriate
for use in fire and explosion hazard assessment studies. A data comparison can be found in Table
A.3.3.25.
Generally, LOC decreases as the pressure or temperature prior to ignition increases. Best practice is
to test the LOC at the appropriate temperature and pressure. Deviations from the test fuel
composition and temperature might possibly be accounted for by using appropriate techniques. For
dusts, an appropriate test apparatus should be used in conjunction with a strong ignition source, such
| as described in the draft of standard ASTM WK 1680, Test Method for Limiting Oxygen (Oxidant)

Concentration of Combustible Dust Clouds, being developed by the ASTM E 27.05 Explosibility and

Ignitability of Dust Clouds Committee, Determination-of Explosion-Characteristicsof Dust-Clouds; or
in CEN EN 14034-4, Determination of Explosion Characteristics of Dust Clouds, Part 4.

| Table A.3.3.25 Effect of Test Enclosure on LOC Values When Using Nitrogen as Diluent

| LOC Values
| Flammability Tube 120 L Sphere

5 cm Diameter* 60 cm Diametert
| Gas or Vapor (% by Volume) (% by Volume)
Hydrogen (Ho) 5.0 4.6
?arbon monoxide (CO)
at high humidity) 5.5 4.8
Methane (CHjy) 12.0 1.2
[Ethylene (CoHg) 10.0 8.5
IPropane (C3Hg) 1.5 10.6

*Data from J. M. Kuchta, U.S. Bureau of Mines, Bulletin 680, 1985.

tData from Isaac Zlochower, PRL (NIOSH — Pittsburgh Research Laboratory) 2005, unpublished and
not peer-reviewed.

| Note: The data were obtained in accordance with ASTM test method E 2079, at 1 atm and at 20°C—
23°C (68°F-73°F) on N2-Air-Fuel mixtures. Electric spark was created by the discharge of a 54°C
(130°F) capacitor, initially charged to 300 V, through a 15 kV transformer. The standard criterion [i.e.,
minimum 6.9 kPa (1 psi) or 7 percent absolute pressure rise] was used to detect ignition.
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A.3.3.33 Reduced Pressure (Pred)- Pred is the maximum reduced pressure that a deflagration will
produce when a protection system such as venting, suppression, or heat removal functions. Pygg can
be calculated or measured during testing. The calculated value will normally be higher than what is
actually achieved.

A.3.3.34 Self-Decomposing Mixtures. Chemicals such as acetylene or ethylene oxide are self-
decomposing mixtures.

A.6.1 It should be recognized that there are other methods for preventing combustion. These
include changing the process to eliminate combustible material either used or generated in the
process. (Deflagration venting is not addressed in this standard; see NFPA 68, Standard on
Explosion Protection by Deflagration Venting.)

A.6.6 Inspection, maintenance, and operator training are necessary requirements of any explosion
prevention system. Reliability of the system and its instrumentation is only as good as the inspection
and periodic preventive maintenance they receive. Operator response and action to correct adverse
conditions, as indicated by instrumentation or other means, are only as good as the frequency and
thoroughness of training provided.

A.6.6.1 Analyzers and other system instrumentation can require more frequent periodic inspection
than that required for other components of the system. Inspections should be made according to the
manufacturer's recommendations or as required by operating conditions and inspection history.
A.7.1.1 Operation of a system with an oxidant concentration low enough to prevent a deflagration
does not mean that incipient fires are prevented. Smoldering can occur in fibrous materials or dust
layers at very low oxidant concentrations, which can ultimately result in a fire or explosion when
exposed to higher oxidant concentrations. Caution should be exercised when such systems are
opened to the air. (See Annex B for a discussion of the control of combustible gas mixtures. Also see
Annex C for LOCs.)

A.7.2.1 Purge gases generated by any of the acceptable methods described in this standard might
not necessarily be compatible for all applications. In general, the physical and chemical properties of
the combustible materials involved govern the type and required purity of the purge gas needed.
Chlorinated and fluorinated hydrocarbons are sometimes used. Although these gases are more costly
than carbon dioxide or nitrogen, the allowable oxygen concentration might be higher. The user is
cautioned, however, that some halogenated hydrocarbons, carbon dioxide, and even nitrogen at
elevated temperatures might react violently with certain dusts. Also, such gases might not be effective
in providing explosion protection for certain combustible metal dusts, such as aluminum, magnesium,
titanium, zirconium, thorium, and uranium. Argon, helium, and other rare gases might have to be used
for inerting certain systems.

In general, personnel should not enter enclosures where the atmosphere is oxygen deficient. If it is
necessary to enter such an enclosure, personnel should use self-contained breathing apparatus,
preferably the positive-pressure type. Canister-type gas masks should not be used; they do not
supply oxygen and do not offer any protection. The toxicity of certain purge gases should be
recognized. The potential for accidental release of purge gases into normally occupied areas should
be recognized and the necessary precautions taken.

A.7.2.1(9) This requirement is based upon incidents discussed in “Loss of Inerting Due to Multiple
Exhaust Vents.” This paper discusses one potential cause.

A.7.2.2.1 The process analysis generally includes, but is not limited to, review of the general scope
of work, process design criteria, process description, material flow diagrams, basis for deflagration
protection, basis for the physical and chemical properties of the process material(s), equipment
layouts, detailed mechanical drawings and specifications, supporting engineering calculations, and
process and instrumentation diagrams. One method by which this requirement can be satisfied is with
a process hazard analysis conducted in accordance with the methods outlined by the AIChE Center
for Chemical Process Safety in Guidelines for Hazard Evaluation Procedures.

58 I First Draft Report: Proposed 2014 Edition NFPA 69



A.7.2.3.1 The values were obtained under the conditions specified in the tables found in Annex C.
Higher energy ignition sources, higher temperatures, or higher pressures could reduce the LOC
values shown. LOC values for dusts of a particular chemical composition could also differ with
variations of physical properties such as particle size, shape, and surface characteristics. A particular
dust could have combustion properties that differ from those shown in the tables in Annex C. Tabular
data for combustion characteristics are provided as examples only.

A.7.2.4.4 Under certain conditions of reducing atmospheres in the presence of sulfur compounds,
pyrophoric iron sulfides could form in air-starved atmospheres. When air is admitted into such an
atmosphere, the iron sulfides could ignite. A typical procedure for controlling such ignition is to
thoroughly wet the iron sulfide deposits with water and maintain a wetted surface until all deposits are
removed and disposed of safely and properly. Another method is to maintain an inert atmosphere in
the tank or vessel containing pyrophoric iron sulfides. APl 2016, Guidelines and Procedures for
Entering and Cleaning Petroleum Storage Tanks, provides information covering the control and
removal of pyrophoric iron sulfide deposits.

Rapid oxidation tends to occur when the deposits dry out. Thus, even though air is admitted slowly,
nothing happens until the deposits dry out, a process that could take more time than used to admit
air. A common practice in industries that deal with such deposits is to keep them wet until they can be
removed to a safe location.

Iron sulfide deposits are often thick or are shielded from air by layers of nonreactive materials. When
the layers are subsequently disturbed, the deposits could ignite. Furthermore, although procedures
are often used to neutralize or remove such deposits before admitting air, it is often difficult to remove
all traces of pyrophoric material.

A.7.3.2(4) The rate of application for steam inerting should be sufficient to maintain a steam
concentration of at least 1.13 kg/min - 2.83 m3 (2.5 Ib/min - 100 ft3).

A.7.5.5 This requirement is intended to provide for a sufficient number of isolation points to facilitate
maintenance, while holding the number of isolation valves to a manageable number so that
accidental shutoff is minimized.

A.7.5.7 Consideration should be given to providing a positive means of preventing the backflow of
purge gas into other systems where such flow would present a hazard.

A.7.7.1 The objective is to maintain operation outside of the flammable region. This can be achieved
by adding either enrichment gas (natural gas or methane) or an inert gas such as nitrogen. In either
case, a safety factor should be maintained between the operating condition and the closest point of
the flammable region. Instrumentation should have redundancy, depending on the criticality of the
operation.

A.7.7.2.1 As shown in Annex B, any system of fuel plus oxidant plus inert gas requires a certain
minimum concentration of oxidant for combustion. For oxidant concentrations less than the LOC, no
combination of fuel plus diluent can result in a flammable mixture.

A.7.7.2.4 Calculation of the LOC can result in an overestimation of up to at least 2 volume percent
oxygen relative to measured values, and this potential error should be taken into account when
applying the safety margin.

First Revision No. 14:NFPA 69-2008

[FR 14: FileMaker]
A.7.7.2.5 Reserved.
A.7.7.2.7 Reserved.

A.7.7.2.7.42 Products with relatively high vapor pressures can, by themselves, maintain an
atmosphere above the upper flammability limit of the vapor. Where flammable atmospheres are
predicted, it is common practice to use a padding gas to maintain the oxygen content at less than the
LOC. Because such maintenance typically involves almost complete replacement of air, oxygen
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analysis of the vapor space is not generally needed. It should be ensured that padding gas capacity
maintains padding under adverse conditions, such as simultaneous pump-out of several tanks
connected to the same padding supply, possibly with a contraction of vapor volume caused by a
sudden summer rainstorm. Such conditions might cause air to be drawn into a container to avoid
underpressure damage. Also, some monomer tanks need several percent of oxygen to activate
dissolved inhibitors. Such tanks might need oxygen monitoring.

A.7.7.3.1 The use of enrichment gas (methane or natural gas) serves the following three purposes:
(1) It elevates the total fuel concentration and can raise it to above the upper flammable limit (UFL).
(2) It decreases the oxidant concentration in proportion to the concentration of enrichment gas.

(3) It elevates the LOC due to the better diluent qualities of enrichment gas relative to nitrogen in the
air.

Where header systems continuously convey vapors to a combustion device such as a flare, operation
above the UFL can greatly reduce the quantity of enrichment gas relative to operation below the LOC.
Marine vent collecting header operation is regulated by 33 CFR 154.

Nonmarine vent collection headers operated near atmospheric pressure and not containing any vapor
with a UFL greater than 75 percent in air, or oxygen in concentrations greater than can be derived
from ambient air, can be rendered nonflammable by the addition of 25 volume percent or more of
natural gas or methane. The use of oxygen analyzers to control enrichment gas flow is practical only
in cases where the nitrogen-to-oxygen ratio is the same as in the air. Where a container has been
partly inerted with a diluent such as nitrogen, enrichment gas should be added using flow control,
since control via oxygen analyzers would otherwise add insufficient enrichment gas to provide
nonflammability. The flow control system can be augmented with gas analyzers to verify correct
operation during installation and for periodic performance checks.

No specific recommendations can be provided, and testing is necessary to develop an enrichment
method under the following conditions:

(1) Where system temperatures and pressures significantly exceed atmospheric conditions

(2) Where gases with UFL above 75 percent in air are involved

(3) Where oxygen enrichment might occur

The UFL generally increases with increased temperature and pressure; it can be sensitive to the
precise gas composition and test conditions. Special procedures are needed for decomposable
gases, and such procedures can involve inerting, enrichment, or deflagration isolation systems as
described in Chapter 11.

The UFL is a continuous function of oxygen concentration. The greatest UFL corresponds to pure
oxygen as the oxidant, and the smallest corresponds to the LOC concentration of oxidant (see Figure
B.1). Systems containing high concentrations of fuel might be safely operated above the LOC,
provided that they are nonflammable with respect to the actual UFL envelope. If the oxygen
concentration in a system is constrained below a value whose corresponding UFL is U, a safety factor
should be applied such that the fuel concentration in the system is maintained at not less than 1.7 U.
This is consistent with the method in 33 CFR 154 for enrichment of marine vapor collection headers
with air as the oxidant. Realistic testing is required to develop the UFL locus as a function of oxygen
concentration under worst credible case operating conditions.

First Revision No. 12:NFPA 69-2008
[FR 12: FileMaker]
A.8.1 ThiscChapter 8 applies to both flammable vapors and combustible dusts. References to basic
design considerations and control at a fraction of LFL are also applicable to MEC.
See Annex B for a discussion of the control of flammable gas mixtures. Also, see Annex D for
information on calculating the time required for ventilation.
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A.8.2.2 See NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile
Solids. (Note: Although NFPA 325 has been officially withdrawn from the National Fire Codes®, the
information is still available in NFPA's Fire Protection Guide to Hazardous Materials.)

A.8.2.31 SeeA.7.2.21.

First Revision No. 16:NFPA 69-2008
[FR 16: FileMaker]
A.8.3.1 Reserved.

A.8.3.2 The combustible concentration can be reduced by recirculating the atmosphere in which it is
contained through a catalytic oxidation unit where the combustible material and oxidant undergo
catalytic oxidation at concentrations below the lower flammable limit (LFL).

First Revision No. 23:NFPA 69-2008
[FR 45: FileMaker]
A.8.4.1 Reserved.

First Revision No. 23:NFPA 69-2008
[FR 23: FileMaker]

A-91-A.9.1 Predeflagration detection and control systems are typically used where a specific ignition
source has been identified as the most probable means of ignition. The detection method is often
limited to detect theis identified ignition source. Possible means of detection include choosing the
frequency range of an optical detector or detecting specific gases indicative of smoldering combustion
or the onset of thermal degradation. Such systems are not designed to detect all possible ignition
sources: and therefore might not provide the same level of protection as other explosion prevention

systems.

A.9.4.2 The independent third party can be a Nationally Recognized Testing Laboratory (NRTL) or a
professional or safety engineer acceptable to the AHJ.

A9.51.1 SeeA7.2.21.

A.9.6.1 The design basis generally includes, but is not limited to, the general scope of work, design
criteria, process description, material flow diagrams, basis for deflagration protection, and the basis
for and the physical and chemical properties of the process materials. The design generally includes,
but is not limited to, equipment layouts, detailed mechanical drawings, specifications supporting
engineering calculations, and process and instrumentation diagrams.

A.10.1 Explosion suppression systems mitigate the hazardous effects of a deflagration within a
protected enclosure by detecting the deflagration in the early stages of formation (incipient) and
extinguishing the fireball before the pressure exceeds the pressure resistance of the enclosure. An
explosion suppression system typically consists of explosion detectors, high rate discharge (HRD)
suppressors with appropriate dispersion nozzles, and a control panel. Explosion isolation is often
used in conjunction with these systems to minimize the potential for flame propagation from the
protected enclosure. Explosion suppression systems can be used when the combustible products are
toxic and can be used irrespective of the location of the protected enclosure.

Explosion suppression systems typically use dry chemicals (sodium bicarbonate or monoammonium
phosphate) or water as suppressants. Injection of a suppressant into the propagating flame front of
the incipient explosion reduces the temperature of the combustible material below a level necessary
to sustain combustion. Thermal quenching (heat absorption) is the principal mechanism utilized by
explosion suppressants.
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| Explosion suppression systems often utilize methods such as paired detectors, detector voting, and
vibration isolation devices to reduce the possibility of inadvertent activations. To aid in the
investigation of a system activation, an indicating device denoting the actuating detector is sometimes
used.

| Explosion suppression systems have been applied in volumes from 0.2 m3 to 1500 m3 (7.1 ft3 to
52,972 ft3) and against a wide variety of combustible materials.

| A.10.1.3 The effectiveness of a suppression system is dependent on the ability of the system to
deliver sufficient quantities of suppressant into the incipient deflagration flame front to extinguish the
combustion before destructive pressure levels are developed in the protected enclosure. Rapid
detection and rapid response are essential for the success of a suppression and isolation system. In
fact, an improperly designed or maintained suppression system could increase the probability of
failing dangerously.

| Detection is most often based on the system reaching a preset pressure or a pressure rate of rise.
This requires a finite and not insignificant amount of time. The time required for detection is
dependent primarily upon the preset conditions, the vessel volume, and the Kgt or K. The detection
time will increase as the volume increases and will decrease as the Kgt (Kg) increases. A dust with a
low Kgt in a large volume will take considerably longer for detection than a high Kgt dust in a small
volume. The effect of delayed detection will allow the pressure to continue to increase within the
protected enclosure. In order to maintain an equivalent maximum suppressed pressure the quantity of
discharge points or size of discharge orifice would need to be increased.

| Suppressant discharge pattern is a limiting factor when determining the viability of protecting large-
scale enclosures with a particular suppressor. The suppressor discharge orifice, suppressor driving
pressure, and the efficiency of the discharge nozzle determine the suppressant concentration delivery
as a function of time. The explosibility characteristics of the material and the physical characteristics
of the enclosure are also critical in determining the number and location of detection devices and
suppressors.

| A.10.2.3 When the pressure resistance of vessel is not available from the manufacturer, the owner
or operator should determine this pressure resistance by calculation based on condition of actual
enclosure. If the owner or operator chooses to use generic values for typical construction, this could
result in enclosure failure. FM Data Sheet 7.76, “Prevention and Mitigation of Combustible Dust
Explosions and Fire,” provides generic values for typical construction.

| A.10.3.1 Experience has shown that performing maintenance operations without disarming a
suppression system could result in inadvertent discharge of the suppression system.

| A.10.4.2.1 The independent third party can be an NRTL or a professional or safety engineer
acceptable to the authority having jurisdiction.

| A.10.4.3.1.1 The process analysis generally includes, but is not limited to, review of the general
scope of work, process design criteria, process description, material flow diagrams, basis for
deflagration protection, basis for the physical and chemical properties of the process material(s),
equipment layouts, detailed mechanical drawings and specifications, supporting engineering
calculations, and process and instrumentation diagrams. One method by which this requirement can
be satisfied is with a process hazard analysis conducted in accordance with the methods outlined by
the AIChE Center for Chemical Process Safety in Guidelines for Hazard Evaluation Procedures.

| A.10.4.4.1 The design basis generally includes, but is not limited to, the general scope of work,
design criteria, process description, material flow diagrams, basis for deflagration protection, and
basis for and the physical and chemical properties of the process materials. The design generally
includes, but is not limited to, equipment layouts, detailed mechanical drawings, specifications,
supporting engineering calculations, and process and instrumentation diagrams.

| A.10.5.2.2 Typical approaches include two out of three voting to reduce spurious failures. Another
approach might be two detectors in an “and” configuration combined in an “or” configuration with an
identical pair.
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First Revision No. 17:NFPA 69-2008
[FR 17: FileMaker]
A-10-5-3-A.10.5.3 In addition to local visual and audible trouble signals, the control panel can provide
an electrical output means to produce this function externally. When_an external means is utilized,
this-it should be implemented full time and confirmed at system eemmissioning acceptance.

A.10.6.1 Detection devices that respond to radiant energy might be used, provided that the
application environment does not inhibit their proper operation. Airborne dust particles, dust coating of
the detector viewing window, certain gases, and the distance to the ignition source might inhibit
sufficiently rapid response to the hazard.

A.10.7.1 Examples of electrically operated actuating devices include detonators, gas generators,
solenoids, linear actuators, or other devices that are activated to release suppressant into the
protected vessel.

A.10.8 Halogenated hydrocarbons, such as bromochloromethane, or dry chemical agents might be
used with most combustibles. The suitability of the suppressant should be determined if elevated
temperatures or pressures are anticipated or if the oxidant is a material other than air.

Water might also be used as a suppressant if it can be demonstrated to be effective. If ambient or
process temperatures below 0°C (32°F) are expected, freeze protection might be necessary.
A.10.8.1 The agent can introduce contamination or chemical hazards when used in combination
with certain process chemicals or materials of construction. The choice of agent should include an
evaluation of all potential adverse interactions between the agent and process. A chemical interaction
matrix, for example, the NOAA Reactivity Worksheet, is an excellent tool to use as a part of this
evaluation.

A.11.1.1 ltis frequently impossible to design and operate equipment without interconnecting pipes
or ducts. Uses for pipes or ducts include conveying, transferring, and ventilating. Where the pipes or
ducts contain flammable or combustible materials plus an oxidant, ignition can result in flame spread
throughout the interconnected equipment. Such flame spread can sometimes increase the violence of
the deflagration, resulting in pressure piling and accelerated rates of pressure rise in the
interconnected equipment from flame-jet ignition. Pressure piling can increase maximum pressure,
Pmax in closed vessels, thus increasing the demands of deflagration pressure containment; and
flame-jet ignition can increase deflagration venting requirements (see NFPA 68). In extreme cases,
the accelerating effect of turbulent combustion through pipes or ducts plus any increased effects from
pressure piling can result in detonations.

Other factors such as elevated operating pressure, elevated temperature, or oxygen concentration
can be expected to intensify the combustion process.

A.11.1.2 Table A.11.1.2 provides a quick reference chart that highlights the various isolation
techniques and their application as an isolation protection system.

Table A.11.1.2 Isolation Features of Pipe and Duct Protection Systems

Flow
Deflagration Ignition Source (Pressure)
Isolation System Type Fuel Type Isolation Isolation Isolation
Chemical barrier Active Dust, gas Yes Yes No
Mechanical valve Active Dust, gas Yes Yes Yes
Actuated float valve Active Gas Yes Yes Yes
Actuated pinch Active Dust, gas Yes Yes Yes
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valve

Rotary valves™ Passive Dust Yes * Yes
Flame arresters Passive Gas Yes Yes No
Flame front Passive Dust No No Yes
diverters

lLiquid seal Passive Gas Yes Yes No
Float valve Passive Gas Yes Yes Yes

"Rotary valves are capable of preventing flame front passage under certain conditions but do not
always prevent the passage of burning embers.

A.11.1.5 The design of an active isolation system is based on the relative timing of the two key
processes: the time required for the detection of an explosion and the creation of a barrier versus the
time it takes for the propagating flame front to reach that barrier. This usually results in the
determination of a minimum barrier placement, that is, the shortest distance at which the barrier will
be in place before the flame front arrives. Both phenomena are complex, with multiple interrelated
variables.

Additional critical complexities arise from the fact that exact fuel concentration at the time of ignition
and the ignition location are unknown. The system design should consider the entire range of credible
concentrations, and possible ignition locations. Some systems (e.g., active isolation systems and float
valves) are particularly vulnerable to ignition near the pipe inlet, as well as non-optimal fuel-oxidant
mixtures. Detection is most often based on the system reaching a preset pressure or a pressure rate
of rise. This requires a finite and not insignificant amount of time. The time required for detection is
dependent primarily on the preset conditions, the vessel volume and the Kgt or K. The detection
time will increase as the volume increases and will decrease as the Kgt (K@) increases. A dust with a
low Kgt in a large volume will take considerably longer for detection than a high Kgt dust in a small
volume. The effect of delayed detection can be to allow the flame to propagate farther and faster
before isolation is initiated. This in turn can require longer minimum placements. Optical detection,
normally located on the duct at the interconnection, is not affected in this manner. It does, however,
require that the flame has entered the duct in order to be detected.

The time required to create a barrier depends upon the type of isolation process. For chemical
isolation, the time is determined by factors such as the time to initiate discharge, the discharge
velocity, and duct diameter. The discharge velocity is affected by the gas pressure used to propel the
agent as well as the length and diameter of the discharge piping. Mechanical isolation (fast-acting
valves) is characterized by the time required for gate closure, which depends upon the closure
energetics (see A.11.2.2.2) and the duct diameter. Float and pinch valves have similar dependencies.
The flame propagation characteristics (velocity, pressure) will determine the safe minimum and
maximum locations of the isolation devices. It is well established that flames can accelerate in ducts
so that flame speed or velocity increases with distance. Flame speed may be used to determine the
flame arrival time at points away from the ignition. That time is balanced against the detection and
barrier formation time mentioned earlier. Flame speed and acceleration are affected most strongly by
fuel characteristic (Kgt, Kg), turbulence and bends, conveyance flow velocity, and vessel protection
(venting, suppression, containment). Location of the ignition within the vessel affects the time when
flame enters the duct as well.

The conveyance flow (Barton, 2002), with respect to the ignition location, can either oppose or
enhance flame propagation. This is most commonly associated with a vessel and its inlet (opposed)
and outlet (enhanced). The net effect could be to either increase (at the outlet) or decrease (at the
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inlet) the minimum placement, although decreasing the inlet minimum is not encouraged
(recommended).

The principles of relating the flame propagation and arrival parameters with the isolation dynamics
are given in Chatrathi (2001), Siwek (1997), Roser (1999), Chatrathi (1996), and Moore (2004).
Approaches to solving this problem are given in Moore and Spring (2004); Chatrathi, Going, and
Grandestaff (2001); Chatrathi and Going (1996); and Siwek and Moore (1997).

A.11.2 Process equipment, such as mills, spray dryers, dust collectors, blowers, and vacuum
pumps, is regularly connected together by piping, ducts, chutes, conveyors, and so forth. An
explosion beginning in one point in the process can propagate through these interconnections to
other parts of the process, both upstream and downstream. Generally isolation techniques are
necessary unless a qualified risk analysis is performed and a determination is made based on both
probability and consequence that the risk is acceptable to the AHJ. Flame spread via propagation
inside ducting or piping is somewhat unpredictable for dusts. Tests have shown that propagation is
much less likely under certain conditions. Piping less than 100 mm (4 in.) diameter is far less likely to
provide a conduit for flame spread than larger diameters. Dense phase pneumatic transfer (air
velocities down near 183 m/min (600 fpm), and solids loading ratios greater than 30) is also much
less likely to provide a conduit for flame spread propagation than for dilute phase pneumatic transfer
(air velocities in the region of 672 m/min to 1098 m/min (2200 fpm to 3600 fpm), and solids loading
ratios not greater than 15). It has been reported by Pineau that it is not uncommon for propagation to
occur as few as one time in ten in controlled experiments for 150 mm piping even for dilute phase
systems. However, recent testing has shown that propagation is more likely with dust concentrations
in the lean region. Metal dusts are more likely to propagate deflagrations. For organic dusts, where
small diameter pipes with dense phase transfer are utilized, the need for isolation techniques could
be obviated if the hazard analysis is acceptable to the authority having jurisdiction. For interconnected
vessels that are relatively close together, measures to reduce P g for each interconnected vessel,
taking into account that propagation could occur, would eliminate the need for isolation techniques.
A.11.2.1.1 The process is similar to that of suppression in that the agent absorbs the heat of the
flame and terminates propagation.

A.11.2.1.4.3 ASME Boiler and Pressure Vessel Code, Section Xll, has been developed and
published at the request of U.S. Department of Transportation (DOT) to cover pressure vessels that
are transportable containers. DOT requirements are anticipated to embrace ASME Boiler and
Pressure Vessel Code, Section Xll, at a future date.

A.11.2.2 See Figure A.11.2.2(a) and Figure A.11.2.2(b).

Electric initiator

Pressurized
reservoir
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FIGURE A.11.2.2(a) Typical Fast-Acting Mechanical Valves Without Pressurized Reservoir.
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FIGURE A.11.2.2(b) Typical Fast-Acting Mechanical Valve with Pressurized Reservoir.

| A.11.2.2.2 Automatic fast-acting mechanical valves are actuated (closed) upon a signal from a
detector (sensor) in the pipeline between two items of interconnected process equipment. The
detector sends a signal to a control device, and the signal is relayed to the valve closure mechanism.
Originally this control device was a compressed gas cylinder, which then discharges the compressed
gas to a piston-cylinder assembly at the top of the valve, thereby closing the gate. The propellant is
generally nitrogen at 33 barg to 60 barg (479 psi to 870 psi). The valve separating the compressed
gas and the piston must be rapidly opened. Mechanisms for this operation include rapid over-
pressuring of a rupture disk by pyrotechnical (detonator) devices. In some systems, gas generating
devices have replaced the pyrotechnics. Alternatively, gas generators alone have been used to
generate the pressure required to rapidly close the valve gate. Plant-air actuated valves are also
available.

| A fast-acting slide gate isolation valve is shown in Figure A.11.2.2(a) and Figure A.11.2.2(b) and can
be mounted in vertical, horizontal, or inclined piping. With this type of valve, the pipe area is
completely open and can be built without pockets and dead corners, so that dust will not settle out or
accumulate. Special dampers absorb the substantial forces from the closing device and prevent the
slide from springing back after closure. The damping elements are exchangeable.

| A.11.2.2.5 Fast-acting mechanical valves might be subjected to detonation pressures if placed
beyond the design maximum location. However, they are not expected to provide protection under
these conditions.

| A.11.2.3.1 An example of an externally actuated float valve is shown in Figure A.11.2.3.1.
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FIGURE A.11.2.3.1 Externally Actuated Float Valve.

| A.11.2.3.2 Externally actuated float valves are used when low explosion overpressures are
expected, and consequently flame propagation from equipment could occur if a self-actuated flow
valve was used. These valves are operated by sensor-controlled gas flow [jets of gas from a high rate
discharge (HRD) container or from a gas generator] through a hemispherical nozzle, which impinges
upon the float (see Figure A.11.2.3.1). The externally actuated float valve functions only in one
direction.

| As with the self-actuated float valve, the valve plug (float) is pressed onto a valve seat on closing and
held in place by a retaining device. In addition, the closed position can be indicated by an electrical
signal from a limit switch. The float valve remains closed until the manual reset knob is operated from
the outside.

| A.11.2.3.4 The agent might introduce contamination or chemical hazards when used in combination
with certain process chemicals or materials of construction. The choice of agent should include an
evaluation of all potential adverse interactions between the agent and the process. A chemical
interaction matrix, for example, the NOAA Reactivity Worksheet, is an excellent tool to use as a part
of this evaluation.

| A.11.2.3.5(7) Float valves should be used for clean service only, as particulate solids can build up
on the valve trim or valve seat and prevent tight closure.

| A11.2.4.1 See Figure A.11.2.4.1.
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FIGURE A.11.2.4.1 Pinch Valve.

| A.11.2.4.2 The valve trim (internals) is an elastomer pinch surrounded by a gas chamber. In the
event of a deflagration, an electrical signal is sent from a sensor, typically mounted on a deflagration
relief device, to an air tank mounted integral to the valve. The gas tank discharges gas to the
chamber surrounding the elastomer pinch and compresses it, which pinches off flow in the pipeline.
Because the pinch has relatively little mass, it is both very fast acting and imparts low shock to the
piping. The pinch, however, can be adversely affected by sustained high temperatures such as might
be encountered in a fire.

| A.11.2.4.4(7) Where high velocities and very abrasive dusts are being handled, the pinch could be
subject to abrasion wear. Pinch valves are not the best choice in these conditions.

| A.11.3.2 Experience has shown that performing maintenance operations without disarming an
isolation system could result in inadvertent system actuation.

| A.11.4.1.1 The independent third party can be an NRTL or a professional or safety engineer
acceptable to the AHJ.

| A.11.4.2.1 The process analysis generally includes, but is not limited to, review of the general scope
of work, process design criteria, process description, material flow diagrams, basis for deflagration
protection, basis for the physical and chemical properties of the process material(s), equipment
layouts, detailed mechanical drawings and specifications, supporting engineering calculations, and
process and instrumentation diagrams. This analysis should consider startup, normal operation,
normal shutdown, temporary operations, and emergency shutdown. One method by which this
requirement can be satisfied is with a process hazard analysis conducted in accordance with the
methods outlined by the AIChE Center for Chemical Process Safety in Guidelines for Hazard
Evaluation Procedures.

| A.11.4.3 The design basis generally includes, but is not limited to, the general scope of work, design
criteria, process description, material flow diagrams, basis for deflagration protection, basis for fire
protection systems, and the physical and chemical properties of the process materials. The design
generally includes, but is not limited to, equipment layouts, detailed mechanical drawings,
specifications, supporting engineering calculations, and process and instrumentation diagrams.

| A.11.5.1 Detection devices that respond to radiant energy might be used, provided that the
application environment does not inhibit their proper operation. Airborne dust particles, dust coating of
the detector viewing window, certain gases, and the distance to the ignition source might inhibit
sufficiently rapid response to the hazard.
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A.11.6.1 Examples of electrically operated actuating devices include detonators, gas generators,
solenoids, linear actuators, and other devices that actuate the isolation device.

First Revision No. 18:NFPA 69-2008
[FR 18: FileMaker]
A-44+73-A.11.7.3 In addition to local visual and audible trouble signals, the control panel can provide
an electrical output means to produce this function externally. When an external means is utilized, it
should be implemented full time and confirmed at system commissioning acceptance.

A.12.1 Isolation techniques can be active, which requires detection, control, and a pneumatic or
electrical response that creates an isolating barrier; or passive, which responds to the deflagration
pressure to create the isolating barrier. Active isolation systems are discussed in Chapter 11. See
Table A.11.1.2 for isolation features of pipe and duct protection systems.

A.12.1.1 Process equipment, such as mills, spray dryers, dust collectors, and blowers, is commonly
connected together by piping, ducts, chutes, conveyors, and so forth. An explosion beginning in one
point in the process can propagate through these interconnections and start an explosion in other
parts of the process, both upstream and downstream. Isolation methods can be used to interrupt or
mitigate flame propagation, deflagration pressure, pressure piling, and flame-jet ignition between
items of equipment. Each isolation technique has unique application limitations.

A.12.2.1 Pressure piling and flame-jet ignition through interconnecting piping can be controlled by
means of a flame front diverter. The basic principle of operation of this device is that the deflagration
is vented at a point where the flow direction is typically changed by 180 degrees. Due to the inertia of
the fast flow caused by the deflagration, the flow will tend to maintain its direction upward rather than
making a sharp turn, as it would when the velocity is low (at normal conditions). When the high speed
deflagration flame continues upward, it pushes open either a hinged cover or bursts a rupture disk
located at the top of the diverter, allowing the flame to be released to the atmosphere.

Some flame front diverters have demonstrated the ability to prevent flame propagation. In most
cases, tests have indicated that diverters were not completely effective in preventing flame
propagation; however, where this has occurred, the deflagration severity was reduced, pressure piling
did not occur or was less severe. Figure A.12.2.1 shows several flame front diverter designs. Siwek
(Europex 1996) discusses some design details concerning flame front diverters.

More information about flame front diverters is presented in books by Bartknecht (1989) and Eckhoff
(2003). Bartknecht (1989) recommends not using a flame front diverter as the only means of isolation
if it is intended to stop the flame propagation.
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FIGURE A.12.2.1 Typical Application and Design of Flame Front Diverters.
| A.12.2.1.1 Figure A.12.2.1.1(a) through Figure A.12.2.1.1(c) provide examples of the three different

types of flame front diverters addressed in this document.
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FIGURE A.12.2.1.1(a) Rupture Disc Diverter.
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FIGURE A.12.2.1.1(b) Explosion Door Diverter.

FIGURE A.12.2.1.1(c) Self-Closing Explosion Door Diverter.

| A.12.2.1.4.2 The independent third party can be an NRTL or a professional or safety engineer
acceptable to the AHJ.

| A.12.2.2 The valve is set to close at a rated pressure differential that results from the deflagration.
Therefore, the deflagration must develop a minimum strength pressure wave in the upstream piping.
The float valve engages a valve seat upon closing and is held in place by a retaining device. The float
valve remains closed until manually reset. The float valve typically functions in both directions.

| A potential problem with this valve is that an elastomeric seat, if used, could be adversely affected in
high temperature environments. Another possible problem is that powder coating on the seal surfaces
can prevent a tight seal, and flame breakthrough is then possible.

| Since a certain minimum pressure differential is required to close the float valve, the propagation of
an explosion through a pipe will not be stopped if its pressure is lower than the minimum actuation
pressure of the float valve.
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| The placement of flow-actuated float valves requires a determination of the minimum and maximum
distances from the origin of the explosion. Placement at the minimum distance ensures that the float
valve closes before flame arrival. Placement at the maximum distance ensures that detonation does
not develop in the vicinity of the float valve, and that the pressure does not exceed the design
pressure of the float valve. These distances are usually recommended by the valve vendor and are
affected by the explosibility of the fuel, the pipe diameter, and the expected minimum and maximum
Pred in the upstream enclosure.

| Table A.12.2.2 shows typical installation distances of a flow-actuated float valve, measured at the
centerline.

| Table A.12.2.2 Typical Installation Distances

| Minimum Distance Maximum Distance
| Fuel Characteristics m ft m ft
Dust (K < 300 bar/m - sec™1) 3 9.8 12 39
Hybrid (K < 400 bar/m - sec™1) 3 9.8 5 16
(3as (K < 100 bar/m - sec™1) 3 9.8 8 26

A12.2.21 A schematic drawing of a typical flow-actuated passive float valve and its internals is
shown in Figure A.12.2.2.1.

Valva poppet MNeoprene gasket

Spring-loaded supparting
system, and catching system
far valve poppet
FIGURE A.12.2.2.1 Flow-Actuated Float Valve.

| A.12.2.2.3 The independent third party can be an NRTL or a professional or safety engineer
acceptable to the AHJ.

| A.12.2.2.4 The most challenging situation for a float valve is at the fuel-lean and fuel-rich conditions.
This is due to the need for the closing forces to be generated by the deflagration itself.

First Revision No. 34:NFPA 69-2008
[FR 34: FileMaker]

A.12.2.3 Reserved.

A.12.2.34 The mass of bulk solids or powders contained in rotary valves provides a tortuous path
through which the gas and flame have to pass and so acts as a “material choke” when certain design
features are implemented. In previous editions of this standard, screw conveyors were included as
material chokes; however, industry experience shows that these devices are not reliable as isolation
devices.

| A.12.2.34.1 Figure A.12.2.34.1 shows a typical rotary valve.
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FIGURE A.12.2.34.1 Typical Rotary Valve.
If an explosion occurs, the rotary valve has to be automatically stopped to avoid transport of glowing
or burning material to downstream equipment, where it could cause a secondary fire or act as an
ignition source to ignite a dust cloud and cause a deflagration (Bartknecht 1989).
It is important that the hopper or vessel located upstream of the valve have a minimum inventory of
solids to prevent flames passing through the solids due to the pressure wave from an explosion in the
hopper or vessel. To maintain this minimum height of solids in the hopper upstream of the rotary
valve, low level sensors are provided, which are interlocked to shut down the rotary valve before the
hopper goes empty, thereby maintaining a level of solids above the rotary valve. This level of solids
effectively acts as a seal to prevent flame and pressure transfer through the valve. A manual bypass
should be provided for the low level sensor or interlock to allow emptying of the hopper when
necessary.
The rotary valve can still significantly mitigate explosion propagation, even if total isolation is not
achieved, by significantly reducing transmission of pressure. Siwek (1989) presents more information
on the use of rotary valves for preventing explosion propagation.
A.12.2.34.3 Faulty bearings or the presence of tramp metal can cause frictional heating, resulting in
temperatures in excess of the autoignition temperature of the powder (cloud or layer). Prevention of
ignition sources can be accomplished in a number of ways, including the following:
(1) Providing a temperature switch on the bearings interlocked to stop the valve
(2) Installing metal exclusion devices upstream of the valve (magnetic diverters, screens)
(3) Operating the rotary valve at a low speed [tip speeds of 1 m/sec (200 fpm) or less]

First Revision No. 35:NFPA 69-2008
[FR 35: FileMaker]

A.12.2.34.4 The rotary valve with material blocking should be used with the understanding that its
limitations have not been delineated to the same extent as other valves.
The material blocking method is more appropriate for deflagrations originating on the top side of the
rotary valve. Where there is potential for deflagrations originating on the bottom side of a rotary valve
using the material blocking method, the owner or operator should take into account the potential for
material displacement and possible transmission of the deflagration.

A.12.2.34.5 Testing has shown that rotary valves can be effective in isolating explosion propagation
if the following conditions are in place:

(1) There are three vanes on each side of the valve that are diametrically opposed.

(2) A close tolerance is maintained between the vanes and the valve body, that is, the gap between
the rotor and housing is £0.2 mm (£0.0079 in.). For metal dusts, such as aluminum, the required gap
between the tip of the rotor blades and the housing may be much smaller. Rotary air locks in metal
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dust service should be type tested for the intended use and application or used with a material block
as described in 12.2.34.4.

(3) Two vanes per side are always in contact with the housing.

(4) The vanes or tips are made out of metal (no plastic vanes) and have a thickness of at least 3 mm
(0.12in.).

It is critical that this initial clearance be maintained in order for the explosion protection to function.
Normal wear can cause these valves to become ineffective, allowing flame passage, and so
preventive maintenance is necessary.

A.12.2.45 Flame arresters are specifically built for a variety of flame loads (deflagration, detonation,
stabilized burning) and for substances of different reactivity (explosion groups), and they use different
operating principles (quenching in gaps, gaseous counterflow, liquid seals).

A.12.2.45.2 Examples of flame arrester groups are shown in Figure A.12.2.45.2(a) through Figure

A.12.2.4.2(c).

FIGURE A.12.2.45.2(a) In-Line Deflagration Arrester.

LY
=i

I
FIGURE A.12.2.45.2(b) In-Line Stable Detonation Arrester.
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FIGURE A.12.2.45.2(c) In-Line Unstable Detonation Arrester.

A.12.2.45.4 Flame arresters are frequently misapplied isolation devices, because of the lack of
understanding of the test methods, limitations, and the number of types of flame arresting devices
and applications. This material is intended to aid the user in identifying the process conditions that
influence the choice of the appropriate flame arresting device. [See Figure A.12.2.45.4(a) and Figure
A.12.2.45.4(b).]

Flame arrester

— Endurance burn flame arraster

Long time burning

Shart time burning

— Ceflagration flame arrester

Unconfined deflagration

= Confined deflagration

— Detonation flame arrester

— Stable detonation

- Unstable detonation
FIGURE A.12.2.45.4(a) Differentiating the Combustion Process.
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FIGURE A.12.2.45.4(b) Classification of Flame Arrester.

A.12.2.45.4.5.2 The response time for shutoff must be limited, because simple shutoff also means
that the filter elements are no longer cooled by convective heat transfer from flowing process vapors.
A.12.2.54.4.15 For explanation of what these forces might be, see Grossel, Section 6.5.

A.12.2.65 When an explosive mixture flows through a hydraulic arrester, it is separated into single
isolated gas bubbles that rise due to buoyancy. Because of the formation of isolated bubbles,
continuous channels for the passage of the igniting flame do not exist. If an ignition occurs on the side
of the device where the single bubbles reach the surface of the liquid, flame propagation can be
blocked. This is the usual direction when hydraulic arresters are applied. In the opposite case, that is,
if ignition occurs at the upstream side, separation into single gas bubbles will still take place, but the
efficiency of the protection will be low, since the combustion process can be transferred to the surface
of the liquid. Whereas the action of a hydraulic arrester — the isolation of single gas volume elements
— is clear, the mechanisms that enforce flame transmission under certain boundary conditions are
considerably more difficult to understand. Up to now they have not been clarified in every detail. With
the aid of extensive experiments Borger et al. determined the limits for the safe operation of hydraulic
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arresters in practice. Essential parameters here are the gas load (volume flow rate of gas per unit
surface area of the liquid) and the depth of submersion (length of the bubble path). It was established
that for a given reactivity of the mixture and a given depth, flame transmission always occurred
beyond a critical volume flow rate per unit liquid surface area. This critical volume flow rate increases
with increasing submersion depth of the device and decreasing reactivity of the explosible mixture.
The mechanism of combustion propagation was investigated more thoroughly by Opholl. According to
these investigations it seems to be important that the exploding single bubbles perform a sequence of
damped vibrations, which lead on the formation of a gas jet, which can impinge on neighboring
bubbles. This jet drags hot gases along and thus produces connections between the bubbles. The
range of this effect increases with increasing reactivity of the gas. On the basis of the available
investigations it cannot be excluded that direct ignition is also caused by the compression of
neighboring bubbles.

There are some generic designs in common practice. Detailed design information is not available,
and testing is recommended.

A.12.2.65.1 Typical hydraulic deflagration arrester designs are shown in Figure A.12.2.65.1(a) and
Figure A.12.2.65.1(b).
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FIGURE A.12.2.56.1(a) Bubble Screen Hydraulic Flame Arrester.
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FIGURE A.12.2.56.1(b) Sparge Tube Hydraulic Arrester.

A.12.2.56.3.10 For explanation of what these forces might be, see Grossel, Section 6.5.
A.12.2.65.3.27 It has to be ensured that enough liquid remains in the liquid seal so that the third
explosion impact is prevented from transmission to the protected side.

A.12.2.76 Where flammabile liquid transfer lines interconnect vessels, an empty line can present a
path for flame propagation between the vessels, similar to manifolded vapor connections. With
manifolded filling or emptying lines, often the main line remains liquid full, providing a seal against
flame propagation. However, the location of this liquid seal could be some distance from the vessel,
allowing a deflagration in a vessel to transition to detonation with increased damage potential. Liquid
product detonation arresters can be located so as to limit affected piping.

In situations where the suction for a flammable liquid transfer pump is located below the pump,
lowering liquid level in the suction vessel can result in vapors entering the pump, with a subsequent
potential ignition. Often low level interlocks are provided to stop pumping before loss of sufficient
level. A liquid product detonation arrester can be used to isolate a pump ignition source from the
vessel.

A.12.2.76.1 Liquid product detonation flame arresters are installed within piping, which is filled with
liquid (e.g., gasoline) during normal operation, or installed inside storage tanks. Typically they are
applied to filling and emptying lines of interconnected storage tanks where there is a risk of the pipe
line running empty and the liquid being replaced with potentially combustible product—air mixture. If
ignited, a deflagration or detonation may develop, which can be stopped with this type of device.
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FIGURE A.12.2.67.1(a) Liquid Product Detonation Arrester with Siphon Bypass (Emptying
and Filling Lines).
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FIGURE A.12.2.76.1(b) Liquid Product Detonation Arrester Without Siphon Bypass (Filling
Line Only).
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FIGURE A.12.2.76.1(c) Liquid Product Detonation Arrester with Foot Valve (Emptying Lines
Only).

A.12.2.76.1(1) Figure A.12.2.76.1(a) shows a liquid product arrester that can be applied to filling and

emptying lines because it includes a siphon bypass to avoid liquid being sucked out of the detonation

arrester.

| A.12.2.76.1(2) Figure A.12.2.76.1(b) shows a liquid product arrester that can only be applied to the
filling line of a tank or vessel. Liquid can be pumped in only one direction through this device,
because it does not have a bypass system installed.

| A.12.2.6.1(3) Figure A.12.2.6.1(c) shows a liquid product arrester with a foot valve, which is applied
to suction lines. This device will also function if the valve pallet is in an open position due to the
minimum height of liquid level in the suction basket. These valves are installed inside the tank above
the tank bottom. In addition to stopping flame propagation, foot valves provide protection against
backflow and maintain a suction seal for pump startup.

| A.13.1.5 Pressure piling and flame-jet ignition can significantly increase deflagration pressures in
attached equipment. Techniques such as isolation or venting should be considered.

| A.13.2.1 Deflagration pressure containment is not adequate for detonable systems because the
maximum pressure rise is much greater than the factors established in 13.3.4.1 through 13.3.4.4. It
should be recognized that some systems might be capable of deflagration or detonation. For
example, systems containing a substantial proportion of hydrogen are prone to detonation, as are
systems containing acetylene or acetylenic compounds. Saturated organic compounds such as
propane, ethane, and alcohols generally do not detonate in vessels but might do so in pipework.
Internals in equipment can promote the transition from deflagration to detonation.

| A.13.2.2 When two vessels connected by a large-diameter pipe both contain a combustible mixture,
a deflagration in one vessel can precompress the unburned mixture in the other vessel. The
maximum deflagration pressure that can be developed in the second vessel might be substantially
greater than would normally happen in a single vessel. (See Bartknecht.) Guidance on explosion
containment in linked vessels is given in Barton.

| A.13.2.2(5) Only limited information is available for deflagration containment of systems with initial
gauge pressures exceeding 2 bar (30 psi). Increased initial pressure might increase the potential for
detonation. For this reason it is recommended that, for systems that might operate at an initial gauge
pressure of 2 bar (30 psi) or higher, deflagration pressure containment should be used only where
applicable test data are available. The testing should be carefully designed because the detonation
potential of a system is affected by vessel dimensions.

| A.13.3.4 When determining the Pmawp to contain the deflagration, the calculated minimum design

value for Pmawp Will be less than the actual peak pressure expected during the deflagration.

Deflagration is a short-term pressure excursion, and this method is recognized in ASME Boiler and

Pressure Vessel Code. The formulas are based on a paper by Noronha et al. See NFPA 68 for a

more detailed description of the forces imposed during a deflagration.
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A.13.3.4.1 The maximum deflagration pressures for several dusts can be found in Annex F of NFPA
68, Standard on Explosion Protection by Deflagration Venting.

A.13.3.6 The maximum initial pressure depends on the origin of the pressure. In some cases, the
maximum initial pressure is determined by the setting of a relief device on the system. In such cases,
the maximum initial pressure is the sum of the relief device set pressure and the relief device
accumulation pressure. Overpressure due to boiling of the vessel contents (for example, from
external fire exposure) might raise the concentration of fuel in the vapor phase above its upper
flammable limit and does not constitute a deflagration hazard.

A.14.1 The expanded metal mesh and polymer foams described in this chapter are intended for
protection against internal deflagrations and are not intended for boiling liquid expanding vapor
explosion (BLEVE) protection of liquefied gas storage tanks nor for emergency relief venting of
flammable liquid storage tanks.

A.14.2.41 These requirements are taken from the range of densities in Table 1 of MIL-B-87162A
(USAF), Military Specification: Baffle Material, Explosion Suppression, Expanded Aluminum Mesh, for
Aircraft Fuel Tanks.

A.14.2.4.2.3 Where the application range is based on the fundamental burning velocity of the
protected mixture, the same test method should be used to compare the burning velocity of the
subject mixture to that of near-stoichiometric propane-air. In the case of a metal mesh made by
expanding slit foil and then fan-folding the expanded metal into batts, the surface area per unit
expanded foam volume is equal to

w,-L, )
W-F,-H}

]

( WL-H-.I'B m
W-HI, | =

LY 4

where:

wg = slit foil width

n = number of layers in a batt of height H

Is = length of unexpanded slit foil required to produce an expanded length /f between folds

W = expanded foil width

H = height

If = expanded length between folds

L o = unexpanded length of foil in a batt

(from Szego, A., Premji, K., and Appleyard, R., Evaluation of Explosafe Explosion Suppression
System for Aircraft Fuel Tank Protection.)
A.14.2.4.3 In the case of metal mesh made from expanded slit foil, the pore size is approximately
equal to the foil spacing between slits.
A.14.2.4.4 In the case of aluminum foil mesh, the alloy composition should be specified per
Aluminum Association standards (for example, composition designations 3003 or 3010). In the case
of chromate coatings, MIL-C-5541, Chemical Conversion Coatings on Aluminum and Aluminum
Alloys, would be applicable.
A.14.2.5 This material is taken from the reference for required densities found in Table 1 of MIL-
DTL-83054C, Detailed Specification Baffle and Inerting Material, Aircraft Fuel Tank.
A.14.2.5.1 The specifications for the minimum numbers of pores are for applications involving
alkanes or flammable gases and vapors with fundamental burning velocities within 15 percent of the
near-stoichiometric propane-air burning velocity.
A.14.2.5.5.2 The maximum resistivity value required in 14.2.5.5.2 has been achieved and surpassed
using conductive reticulated polyurethane foams described in SAE AIR 4170A, Reticulated
Polyurethane Foam Explosion Suppression Material for Fuel Systems and Dry Bays. This reference
also describes the advantages of the conductive foam in eliminating electrostatic ignitions that the
U.S. Air Force was experiencing in certain aircraft equipped with higher resistivity polymer foams. If

81 I First Draft Report: Proposed 2014 Edition NFPA 69



electrostatic charge generation mechanisms, such as direct fuel impingement onto the foam, can be
avoided, the conductive foams may not be necessary.

A.14.3.3 Figure A.14.3.3 shows a diagram of a test vessel with a void volume, V,, and mesh- or
foam-filled (arrester) volume, V3.

AT AR

w

FIGURE A.14.3.3 Single Void Explosion Suppression Test Setup (MIL-PRF-877260A).

Spark —

A.14.3.7 A diagram of the double void explosion suppression test setup is shown in Figure A.14.3.7.
The ignition void fraction, V/(Vs + V4 + V), is typically 0.20.
2 AP

AT

Spark—

FIGURE A.14.3.7 Double Void Explosion Suppression Test Setup (MIL-F-877260).

A.14.4.1 For example, the value of Prgq shown in SAE AIR4170 Rev A for fine pore blue polyether
foam at an initial pressure of 3 psia (21 kPa) is about 11 psia (76 kPa) for propane—air explosion
testing with a 20 percent single void volume. This foam can be installed only in enclosures with either
an ultimate strength or yield pressure of at least 17 psia (117 kPa).

A.14.4.2 The number of mesh or foam blocks used during installation should be minimized. Voids
between mesh or foam blocks should not be co-linear in order to avoid the potential for direct line
flame propagation between multiple blocks. Compression of the mesh or foam during installation
should also be minimized.

Installation guidelines for mesh or foam in aircraft fuel tanks and dry bays are given in SAE AIR4170
Rev. A, "Reticulated Polyurethane Foam Explosion Suppression Material for Fuel Systems and Dry
Bays.”

A.15.4.1 Suppressant storage containers, automatic fast-acting valves, flame front diverters, or
flame arresters should be supported by other than the protected process, ductwork, or piping as
determined by engineering review. Reinforcing pads, external mounts, or other means to redistribute
the reaction forces of the explosion prevention device should be implemented. It is not intended or
expected that the protection equipment be supported by the process equipment. External support
may be required in order for the explosion prevention system to operate properly. Detection devices
should be mounted such that product impingement will be minimized. Suppressant containers should
be located such that discharge is not directed toward process openings where employees may be
present.

A.15.5.5.1 Safety instrumented system (SIS) design focuses increasingly on the concept of safety
integrity level (SIL). A process that is to be protected is assigned an SIL level based upon risk
analysis. An SIL level of between 1 and 3 is assigned (between 1 and 4 under IEC 61511, Functional
Safety — Safety Instrumented Systems for the Process Industry Sector), with 1 being the lowest
level. Layers of protection are typically combined to achieve the SIL requirement for a process with
individual safety systems often having a lower level than the process. This edition of NFPA 69 does
not require the use of SIL levels for explosion prevention systems but recognizes their use. The
guidelines for isolating a Safety Instrumented System from the basic process control system are
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included in ANSI/ISA-84.00.01, Functional Safety: Safety Instrumented Systems for the Process
Industry Sector, current edition. IEC 61511 is also appropriate.

| A.15.5.5.2 Initiating device circuits, notification appliance circuits, and signaling line circuits shall be
permitted to be designated as either Class A or Class B, depending on their performance during non-
simultaneous single circuit fault conditions as specified by the following conditions:

| (1) Initiating device circuits and signaling line circuits that transmit an alarm or supervisor signal, or
notification appliance circuits that allow all connected devices to operate during a single open or a
non-simultaneous single ground fault on any circuit conductor, should be designated as Class A.

| (2) Initiating device circuits and signaling line circuits that do not transmit an alarm or supervisory
signal, or notification appliance circuits that do not allow connected devices to operate beyond the
location of a single open or a non-simultaneous single ground fault on any circuit conductor, should
be designated as Class B.

| A.15.7.1.3 The frequency depends on the environmental and service conditions to which the
devices are to be exposed. Process or occupancy changes that can introduce significant changes in
condition, such as changes in the severity of corrosive conditions or increases in the accumulation of
deposits or debris, can necessitate more frequent inspection. It is recommended that an inspection be
conducted after a process maintenance turnaround. Inspections should also be conducted following
any natural event that can adversely affect the operation (e.g., hurricanes or snow and ice
accumulations).

| A.15.7.2.1 Before starting maintenance, always make sure that any process environmental
conditions such as gas—air mixtures or vapor—air mixtures are not dangerous to health.

| A.15.7.3 See Figure A.15.7.3.
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City

City

(1)

(2)

(3)
(4}
(5)
(6)

(7)

(8

9)
(im

(11)
(12)

Company name
Date inspected
Address

NFPA 69 EXPLOSION PREVENTION SYSTEMS
QUARTERLY INSPECTION FORM

User Contact Information

Start time

State

Inspector’s name
Inspection company
Address

Zip code

Telephone

State

Explosion prevention system protecting
Explosion prevention system ID #
Explosion prevention system location

Explosion prevention system manufacturer

Zip code

Telephone

Is/has/does/are/the explosion prevention system:

Process and processed material changed since last
ingpection? 1Yes U No

Explosion prevention system been properly
installed in accordance with this decument and
manufacturer’s instructions? Yes 0 No

System components corroded or mechanically
damaged? dYes 1 No

User operation instructions provided near the
control unit? 1 Yes JNo

System components clearly labeled as an explosion
prevention device? (1 Yes 1 No

System components protected from the process and
acts of nature? Yes 1 No

System components painted or coated other than
by the eriginal equipment manufacturer?
dYes (1 No

System components have buildup of deposits on the
inside surfaces of discharge nozzles or detection
surfaces? 1Yes (1 No

System components changed, altered, or tampered
with? JYes 1 No

System component mounting condition, such as
eracked welds or missing bolts? Yes O No
System discharged/actuated? 'dYes J No

System seals, tamper indicators, or discharge
indicators if provided, in place and functioning?
d¥es [ No

& 2007 Mational Fire Protection Association

(13)

(14)

(15)

(16)

(17)

(18)
(19
(20

(21)

22

(23)

(24)

Follow the manufacturer's recommendations and the following:

Control unit functions according to design
requirements and all circuits properly supervised?
dYes dNo

The system eontrol unit indicating any faults?
dYes dNo

System sensing devices calibrated and function
according to design requirements? 1Yes 1 No

System suppressors and valve actuators
pressurized to specifications? (1 Yes 1 No

System interlocks verified for proper sequence and
functioning? JYes 1 No
Plant fire notification verified? Yes 1 No
System sequence of operation verified? (1 Yes 1 No

Components correctly located as the system
drawings indicate? 1Yes 1 No

Components clear of obstructions and accessible?
dYes A No

Clearly tagged or labeled with manufacturer’s
information? 0O Yes (JNo

Showing process material buildup or deposits?
dYes QO No

Fagteners and mounting hardware in place?
QYes dNo

NFEA 89 (p. 1 of 4)

FIGURE A.15.7.3 Sample Inspection Form.
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SENSORS
REPORT NO.
Note: Visual inspection includes check for dents, abrasion, corrosion, leaks, and obstruction
System Armed/Disarmed After Service
H .
b= — ot o
R EIe it
R £l 2 |5
A EIE IR IR IR AR AR
7 . =
Log No. Location E (E’n.. .H = E E & = S é & Remarks
& 2007 Maticnal Fire Protection Association NFPA 89 (p. 2 of 4)

FIGURE A.15.7.3 Continued
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SUPPRESSORS AND AUTOMATIC FAST-ACTING VALVE
REPORT NO.
Note: Visual inspection includes check for dents, abrasion, corrosion, leaks, and obstruction
g
B 3 i1 W
w |de| E
s |k 1IN % .| ¥l %
Catalog E |58 5 | 3 g K] E :E £
No. Location g lgale | & £ < = | < Remarks
© 2007 Mational Fire Protection Association NFPA 69 (p. 3 of 4)

FIGURE A.15.7.3 Continued
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Field Wiring Auxiliary Equipment

=]
2 g
| <=
: : £
i
) o %
Measured -E = g w %
Parameter - 2 8 &
(Resistance, 2 "E A = ® g
Current, - = o g ‘T =l
Log No. Other) = Log No. Location E = s S Remarks
System Armed/Disarmed After Service
Authorized Signature Signed:
Customer Engineer

ACTION REQUIRED BY MANAGEMENT

Process engineer/supervisor notified? QYes QNo

Date addressed

Action required dYes U No

Signature

Have you observed changes to the process and or its swroundings that should invoke the company’s management
of change procedure? 1Yes 1 No

Inspector's signature

Manager’s signature

Date: Stop time:

System re-armed;

& 2007 Mational Fire Protection Association NFPA 89 (p. 4 of 4)

FIGURE A.15.7.3 Continued

A.15.8.1 Corrective process and protection system actions by the owner or operator, and
refurbishment of the explosion prevention system, should be completed by personnel authorized by
the manufacturer. Corrective actions should be implemented before the process is returned to
service.

A.15.8.2 The causes of explosion prevention system actuations are often difficult to determine. The
cause may be traced to a deflagration or may have resulted from an inadvertent effect. Assistance of
factory-trained personnel from the explosion prevention system manufacturer is recommended. The
investigation may include duplicating process pressure conditions and the effects of process changes
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such as fan speeds, valve actions, etc. Particular attention should be paid to any service or
maintenance work or programming changes on the process control software. Best practice for such
an investigation and review might include any or all of the following elements:

(1) Recording all process operating data at the time of the actuation and noting if any process
upsets had recently occurred

(2) Recording the status of the explosion prevention control systems

(3) Recording the status and condition of the process safety interlocks

(4) Capturing history data from the explosion prevention control system if available

(5) Recording statements and observations from personnel in the area of the event

(6) Photographing the area in and around the event location and collecting samples of the material
in process at the time of actuation for analysis if the actuation cause cannot be determined

(7) Recording weather conditions at the time of actuation

(8) Posting discharge communication with management and the explosion prevention system
supplier or maintainer, to coordinate refurbishment and inspection of the explosion prevention system
A.15.11.3 Itis recommended that changes be reviewed with life safety system and equipment
suppliers.

Annex B Control of Flammable Gas Mixtures by Oxidant Concentration Reduction and
Combustible Concentration Reduction
This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.
B.1 General.

As covered in Chapters 7 and 8, a flammable gas—oxidant mixture might be controlled by reducing
the concentration of oxidant or by adding an inert constituent to the mixture. Both processes can be
explained most easily by referring to a flammability diagram. Figure B.1 shows a typical flammability
diagram that represents a mixture of a combustible gas; an inert gas, nitrogen; and an oxidant,
oxygen, at a given temperature and pressure.
A mixture of air (79 percent N2 and 21 percent O9, by volume) and combustible gas is represented
by the line formed by points DABE. A given mixture of the combustible gas and air, whether ignitible
or not, is specified by a point on this line. Point A indicates the upper flammable limit of this mixture,
and point B represents its lower flammable limit.

FIGURE B.1 Typical Flammability Diagram.
Any point within the area bounded by FBCAGF is in the flammable range and can be ignited. Any
point outside this area represents a mixture that cannot be ignited. Point C represents the limiting
oxidant concentration to prevent ignition; any mixture containing less oxygen cannot be ignited. (See
Annex C.)
Any mixture of oxygen and combustible gas alone (i.e., without nitrogen) is represented by the left
side of the triangle. Any mixture of nitrogen and combustible gas alone (i.e., without oxygen) is
represented by the right side of the triangle.

B.2 Effect of Pressure and Temperature.

As shown in Figure B.2, pressure and temperature can have an effect on the flammability diagram.
An increase in pressure results in an increase in the upper flammable limit and a decrease in the
limiting oxidant concentration points C, C’, and C", to prevent ignition. There is a slight decrease on
the lower flammable limit, but the effect is not as pronounced as that of the upper limit.
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FIGURE B.2 Effect of Pressure on Flammability Diagram.

An increase in temperature has a similar effect on the flammability diagram.

The exact effects on a system produced by changes in pressure or temperature should be

determined for each system.

B.3 Effect of Inert Diluents.
The addition of an inert diluent to a mixture of combustible material and oxidant affects the lower and
upper flammable limits and the limiting oxidant concentration. Figure B.3 illustrates the effect of some
typical diluents on the flammability limits of methane. Figure B.3 shows that nitrogen is more effective
than helium and that carbon dioxide is more effective than nitrogen.
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FIGURE B.3 Limits of Flammability of Methane—-Inert Gas—Air Mixtures at 25°C (77°F) and
Atmospheric Pressure. (Source: J. F. Coward and G. W. Jones, “Limits of Flammability of
Gases and Vapors.”)

B.4 Oxidant Concentration Reduction.
In Figure B.1, point X represents an arbitrary mixture of flammable gas, oxygen, and nitrogen that lies
well within the flammable range. If the composition of the mixture is to be changed so that it lies
outside the flammable range, one method that can be used is to reduce the concentration of oxidant.
As the concentration of oxygen decreases, the concentration of nitrogen increases. Point X, in effect,
moves toward the inert gas apex.
B.5 Combustible Concentration Reduction.
In Figure B.1, with point X in the flammable range, the composition of the mixture might be altered by
reducing the concentration of flammable gas. In simpler terms, point X moves away from the
flammable gas apex and eventually drops below the lower flammability line FBC.
B.6 Mixtures of Gases.
Where mixtures of two or more flammable gases are encountered, the limits of flammability of the
mixture can often be reliably predicted by using the following formulas suggested by Le Chatelier:
7 I b wusbimi
- R & F
+ 4+
LF., LFL, LFL
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UFL, UFL, UFL,

LUFL =

where:

LFL = lower flammable limit

P 1... P = volume fractions of components 1, 2, 3, ..., n of the mixture

LFL 1... LFL, = lower flammable limits of components 1, 2, 3, ..., n of the mixture
UFL = upper flammable limit

UFL 1... UFLp = upper flammable limits of components 1, 2, 3, ..., n of the mixture

Annex C Limiting Oxidant Concentrations
This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.
C.1 General.
Table C.1(a) and Table C.1(b) provide values for limiting oxidant concentration (LOC) using nitrogen,
carbon dioxide, and inert dust as the diluent. Table C.1(a) provides LOC values for flammable gases,
and Table C.1(b) provides data for combustible dust suspensions.

Table C.1(a) Limiting Oxidant Concentrations for Flammable Gases When Nitrogen or Carbon
Dioxide Are Used as Diluents

Adjusted LOC Original LOC
(Volume % O9 Above Which (Volume % O9 Above Which
Deflagration Can Take Place) Deflagration Can Take
per 7.2.3 Place)
Gas/Vapor N2-Air Mixture clill?)%tu?g Reference* I\r;lllzxtﬁ:; Cl\ll(i))?tu?;r

Methane 10.0 12.5 1 12.0 14.5
Ethane 9.0 11.5 1 11.0 13.5
Propane 9.5 12.5 1 11.5 14.5
n-Butane 10.0 12.5 1 12.0 14.5
n-Butyl acetate 9.0 — 9 9.0 —

Isobutane 10.0 13.0 1 12.0 15.0
n-Pentane 10.0 12.5 1 12.0 14.5
Isopentane 10.0 12.5 2 12.0 14.5
n-Hexane 10.0 12.5 1 12.0 14.5
n-Heptane 9.5 12.5 2 11.5 14.5
Ethanol 8.7 — 9 8.7 —

Ethylene 8.0 9.5 1 10.0 11.5
Propylene 9.5 12.0 1 11.5 14.0
1-Butene 9.5 12.0 1 11.5 14.0
Isobutylene 10.0 13.0 4 12.0 15.0
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Butadiene

3-Methyl-1-
butene

Benzene
Toluene
Styrene
Ethylbenzene
Vinyltoluene
Divinylbenzene
Diethylbenzene
Cyclopropane
Gasoline
(73/100)
(100/130)
(115/145)
Kerosene
JP-1 fuel
JP-3 fuel
JP-4 fuel

Natural gas (Pittsburgh)

n-Butyl chloride

Methylene chloride

Ethylene dichloride

1,1,1-Trichloro-
ethane

Trichloro-
ethylene

Acetone
n-Butanol

Carbon disulfide
Carbon monoxide
Ethanol

8.5
9.5

10.1
9.5
9.0
9.0
9.0
8.5
8.5
9.5

10.0
10.0
10.0

8.0 (150°C)
8.5 (150°C)
10.0
9.5
10.0
12.0
10.0 (100°C)

17.0 (30°C)
15.0 (100°C)

11.0
9.5 (100°C)

12.0
7.0 (100°C)

9.5
NA
3.0
3.5
8.5

11.0
12.0

12.0

12.0

13.0
13.0
12.5

11.0 (150°C)

12.0 (150°C)
12.5
12.5
12.5

12.0
14.5 (150°C)
5.5
3.5
11.0

1,7
7,9

- NN NN

w W w W W W W =2 NDNDNOAaODNDNDDN

w

N N N - S

10.5
11.5

11.4
9.5
9.0
9.0
9.0
8.5
8.5

11.5

12.0
12.0
12.0

10.0 (150°C)

10.5 (150°C)
12.0
11.5
12.0
14.0

12.0 (100°C)

19.0 (30°C)
17.0 (100°C)

13.0
11.5 (100°C)

14.0
9.0 (100°C)

11.5
NA
5.0
5.5

10.5

13.0
14.0

14.0

14.0

15.0
15.0
14.5

13.0 (150°C)

14.0 (150°C)
14.5
14.5
14.5

14.0
16.5 (150°C)
7.5
5.5
13.0
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| 2-Ethyl butanol 7.5 (150°C) _ 4 9.5 (150°C) _
| Ethyl ether 8.5 11.0 4 10.5 13.0
| Hydrogen 3.0 3.2 4 5.0 52
| Hydrogen sulfide 55 9.5 4 7.5 1.5
| Isobutyl acetate 9.1 — 9 9.1 —
| Isobutyl alcohol 9.1 — 9 9.1 —
| Isobutyl formate 10.5 13.0 4 12.5 15.0
| Isopropyl acetate 8.8 — 9 8.8 —
| Isopropyl alcohol 9.5 — 10 9.5 —
| Methanol 8.0 10.0 4 10.0 12.0
| Methyl acetate 9.0 11.5 4 11.0 13.5
| Propylene oxide 5.8 — 8 7.8 —
| Methyl ether 8.5 11.0 4 10.5 13.0
| Methyl formate 8.0 10.5 4 10.0 12.5
| Methyl ethyl ketone 9.0 11.5 4 11.0 13.5
| n-Propyl acetate 10.1 — 10 10.1 —
| n-Propyl alcohol 8.6 — 9 8.6 —
| UDMH (dimethyl- 5.0 _ 6 7.0 _
hydrazine)
| Vinyl chloride 13.4 — 7 13.4 —
| Vinylidiene chloride 15.0 — 7 15.0 —
Notes:

1. See 7.7.2 for the required oxygen level in equipment.

2. Data were determined by laboratory experiment conducted at atmospheric temperature and
pressure. Vapor—air-inert gas samples were placed in explosion tubes and ignited by electric spark or
pilot flame.

*References:

1. J. F. Coward and G. W. Jones (1952).

2. G. W. Jones, M. G. Zabetakis, J. K. Richmond, G. S. Scott, and A. L. Furno (1954).

3. J. M. Kuchta, A. L. Furno, A. Bartkowiak, and G. H. Martindill (1968).

4. M. G. Zabetakis (1965).

5. M. G. Zabetakis and B. H. Rosen (1957).

6. Unpublished data, U.S. Bureau of Mines.

7. Unpublished data, Dow Chemical Co.

8. U.S. Bureau of Mines.

9. L. G. Britton (2002).

10. Unpublished data, Dow Chemical Co., 2002.

| Table C.1(b) Limiting Oxidant Concentrations for Combustible Dust Suspensions When
Using Nitrogen as a Diluent
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Median Particle
Diameter by Mass

LOC (Volume % O2 Above
Which Deflagration Can
Take Place),

Dust (um) N2-Air Mixture

Cellulosic Materials

Cellulose 22 9

Cellulose 51 11

Wood flour 27 10
Food and Feed

Pea flour 25 15

Corn starch 17 9

Waste from malted barley 25 11

Rye flour 29 13

Starch derivative 24 14

Wheat flour 60 11
Coals

Brown coal 42 12

Brown coal 63 12

Brown coal 66 12

Brown coal briquette dust 51 15

Bituminous coal 17 14
Plastics, Resins, Rubber

Resin <63 10

Rubber powder 95 11

Polyacrylonitrile 26 10

Polyethylene, h.p. 26 10
Pharmaceuticals, Pesticides

Amino- <10 9
phenazone

Methionine <10 12
Intermediate Products, Additives

Barium stearate <63 13

Benzoyl peroxide 59 10

Bisphenol A 34 9

Cadmium laurate <63 14

Cadmium stearate <63 12
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Calcium stearate
Methyl cellulose
Dimethyl terephthalate
Ferrocene

Bistrimethyl-
silyl-urea

Naphthalic acid anhydride
2-Naphthol

Paraform-
aldehyde

Pentaerythritol
Metals, Alloys
Aluminum

Calcium/
aluminum alloy

Ferrosilicon magnesium alloy
Ferrosilicon alloy
Magnesium alloy
Other Inorganic Products
Soot
Soot
Soot
Others
Bentonite derivative

<63
70
27
95
65

16
<30
23

<10

22
22

17
21
21

<10
13
16

43

12

12
12
12

12

Source: R. K. Eckhoff, Dust Explosions in the Process Industries, 2003.

Note: The data came from 1 m

and 20 L chambers using strong chemical igniters.

C.2 General.
Table C.2 provides data on the concentration of inert dust required to inert selected combustible
dusts.
Table C.2 Inerting of Dust Clouds by Mixing the Combustible Dust with Inert Dust
Combustible Dust Inert Dust
Minimum Mass %
Median Particle Median Particle Inert of Total Mass
Size by Mass Size by Mass Required for
Dust (um) Type of Dust (Hm) Inerting
Methyl cellulose 70 CaSOy <15 70
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Organic pigment <10 NH4H2PO4 29 65

Bituminous coal 20 14 65
Bituminous coal 20 NaHCO3 35 65
Sugar 30 NaHCO3 35 50

Source: R. K. Eckhoff, Dust Explosions in the Process Industries, 2003.
Note: Data were obtained from tests conducted in 1 m3 Standard 1SO (1985) vessel with a 10 kJ
chemical igniter.

Annex D Ventilation Calculations
This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.

D.1 Time Required for Ventilation.
An estimate of the time required to reduce the concentration of a flammable gas to a safe limit by
purging with fresh air can be calculated using the method that follows.
For an enclosed volume, V, the change in concentration, dC, over a given time, dt, using a fixed flow
rate of fresh air, Q, is given by Equation D.1:

By rearranging,

where:

C = concentration

C o = initial concentration of gas

Q' = flow rate

t = time required to reach the desired concentration
V o = initial volume

Integrating Equation D.2 yields the following:

8-,

Equation D.3 assumes perfect mixing. Because this is not the case in actual practice, a correction
factor, K, should be introduced as follows:

m[g-] : [-—E]rf:m

t (D.4)

In perfect mixing, Kequals 1.0. Table D.1 lists values of K for certain conditions. Few data exist on
defining the degree of mixing. Most authorities recommend a K-value of not greater than O. 25
ConS|der the problem of reducing the gasoline vapor concentration of an enclosure of 28 m3 (1000
ft3 ), using a 56 m3/min (2000 ft3/m|n) ventilation rate, from 20 volume percent to the following:
(1) The upper flammable limit, or 7.6 percent
(2) The lower flammable limit, or 1.4 percent
(3) Twenty-five percent of the lower flammable limit, or 0.35 percent

Table D.1 Mixing Efficiency for Various Ventilation Arrangements

Efficiency (K) Values
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Single Exhaust Multiple Exhaust

Method of Supply Opening Openings
No Positive Supply
Infiltration through cracks 0.2 0.3
Infiltration through open doors or 0.2 0.4
windows
Forced Air Supply
Grilles and registers 0.3 0.5
Diffusers 0.5 0.7
Perforated ceiling 0.8 0.9

The difference between K = 1.0 (perfect mixing) and K = 0.2 in calculating the time needed to reduce
the concentration to the levels specified can be shown using Equation D.3 as follows:

tn[ﬂl _ (—E{HH}]K“]
20.0 1000
In0.38 = —ZK“} (D5)
. In 0.38 _ -0.97 _ 0485
-2K -1K K (D.6)
ForK=1,t=0.49 min. For K=0.2, t = 2.5 min.
tn{i] _ [—znnu ]K{:}
20,0 1000
In 0.07 = =2K(t) (D7)
_ In 007 _ -266 _ 1.33
2K 2K K (D.8)
ForK=1,t=1.33 min. For K=0.2, t = 6.65 min.
tn[E] _ (—E{}{}{}]Km
20.0 1000
In0.018 = -2K(t) (D.9)
In0.018  -4.02 2.0l

-2K  -2K K (D.10)
ForK=1,t=2min. For K=0.2, t =10 min.

D.2 Number of Air Changes Required for Inerting.
The calculation method described in Section D.1 provides a solution expressed directly in terms of
time. To develop a solution in terms of required number of air changes, the equation is written as
follows:
C

L o EKN’
G (D.11)
where:
N = the required number of air changes
Equation D.11 can be rewritten as follows:

G
In|]— | = —KN
[C-' ] (D.12)
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Using the example in Section D.1, the number of air changes required to reach the upper flammable
limit, 7.6 percent, at K= 0.2, is as follows:

ff I _02N
200 (D.13)
In (0.38 —(0.97

-0.2 -0.2
e (D.14)
Because the airflow rate is 56 m3/min (2000 ft3/m|n) and the volume of the enclosure is 28 m3 (1000
t3 ), a complete air change takes 0.5 minute. Equation D.14 indicates that 4.8 air changes are
needed. This translates to a required time of 2.4 minutes, or exactly that calculated in Section D.1.
D.3 Buildup of Combustible Concentration in Enclosed Area.
If a constant source of a flammable gas, such as a leak, is introduced into an enclosed volume,
Equation D.12 should be modified as follows:

CzEU—Em

Q (D.15)
where:
C = concentration
G = release rate [m3/min (ft3/m|n)]
Q = airflow rate [m3/min (ft3/min)]
K = mixing efficiency factor
N = number of theoretical air changes
As an example consider a leak of 2 8 m3/min (100 ft3/m|n) of a 15 percent flammable gas—air
mixture in a room of 28 m3 (1000 ft3 ). How long would it take to reach a concentration of 5 percent
throughout the enclosure, assuming a mixing coefficient, K, equal to 0.2? Thus,
C=0.05
G = 15 ft3/min (100 x 0.15)
Q = 85 ft3/min (100 — 15)

K=0.2
Equation D.15 can be rewritten into a more convenient logarithmic form as follows:
I [|_@]= - KN
G
Eu[] - {1_1]5{35}} = -0.2N
15
In(0.71667) = -0.2N
—(0.33314 = —0.2N
167 = 3(D .16)
Because the volume is 100 ft3/min and the leak is at 1000 ft
[w]u_m] = 16.7 min
100 £t/ min (D17)

A concentration of 5 percent is reached in 16.7 minutes. Equation D.12 and Equation D.15 can be
plotted as shown in Figure D.3(a) and Figure D.3(b).
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FIGURE D.3(a) Combustible Decay Curve. General Ventilation: Instantaneous Release.
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FIGURE D.3(b) Combustible Buildup Curve. General Ventilation: Continuous Release.

With respect to Figure D.3(b), which illustrates a continuous release in an enclosed volume, once a
continuous release begins, the combustible concentration increases rapidly until three air changes
occur. After three air changes, the bracketed term in Equation D.15 approaches unity and
concentration does not change much. Thus, steady-state concentration is independent of air-change
rate and actually depends on the volumetric flow of fresh air. For design purposes, it is best to specify
in terms of cubic meters per minute (cubic feet per minute) and avoid specifying in terms of air
changes per hour.

Although general ventilation is helpful in removing airborne combustibles, better control can be
achieved in many cases by supplementing general ventilation with local ventilation. Local ventilation
can be used when the source of emission can be predicted. For example, local ventilation rather than
general ventilation is recommended in the following situations:

(1) The operator or ignition sources might be very close to the point of flammable release.

(2) The flammable escape rate is uncertain.

(3) Local ventilation is used to control combustible dusts.

Local exhaust ventilation captures the combustible at its source, and a properly designed system can
achieve almost 100 percent effectiveness, provided that the local exhaust pickup can be placed close
to the point of release.

Annex E Purging Methods
This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.
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E.1 General.

Any of several methods might be used to ensure the formation and maintenance of a noncombustible
atmosphere in an enclosure to be protected. These include “batch” methods for one-time or
occasional use, as in purging equipment during shutdown, and “continuous” methods intended to
ensure safe conditions during normal operations. The following is an outline of various purging
methods.

E.2 Purging Methods.
E.2.1 Batch Purging. This method includes siphon, vacuum, pressure, and venting to atmosphere.
E.2.2 Continuous Purging. This method includes fixed-rate application and variable-rate or
demand application.
E.2.3 Siphon Purging. In this method, equipment might be purged by filling with liquid and
introducing purge gas into the vapor space to replace the liquid as it is drained from the enclosure.
The volume of purge gas required is equal to the volume of the vessel, and the rate of application can
be made to correspond to the rate of draining.
E.2.4 Vacuum Purging. In this method, equipment that normally operates at reduced pressure, or
in which it is practical to develop reduced pressure, might be purged during shutdown by breaking the
vacuum with purge gas. If the initial pressure is not low enough to ensure the desired low oxidant
concentration, it might be necessary to re-evacuate and repeat the process. The amount of purge gas
required is determined by the number of applications required to develop the desired oxidant
concentration. Where two or more containers or tanks are joined by a manifold and should be purged
as a group, the vapor content of each container or tank should be checked to determine that
complete purging has been accomplished.
E.2.5 Pressure Purging. In this method, enclosures might be purged by increasing the pressure
within the enclosure by introducing purge gas under pressure and, after the gas has diffused, venting
the enclosure to the atmosphere. More than one pressure cycle might be necessary to reduce the
oxidant content to the desired percentage. Where two or more containers or tanks are joined by a
manifold and should be purged as a group, the vapor content of each container or tank should be
checked to determine that the desired purging has been accomplished. Where a container filled with
combustible material is to be emptied and then purged, purge gas might be applied to the vapor
space at a pressure consistent with equipment design limitations, thus accomplishing both the
emptying of the vessel and the purging of the vapor space in the same process.
E.2.6 Sweep-Through Purging. This method involves introducing a purge gas into the equipment
at one opening and letting the enclosure content escape to the atmosphere through another opening,
thus sweeping out residual vapor. The quantity of purge gas required depends on the physical
arrangement. A pipeline can be effectively purged with only a little more than one volume of purge
gas if the gas can be introduced at one end and the mixture can be released at the other. However,
vessels require quantities of purge gas much in excess of their volume.
If the system is complex, involving side branches through which circulation cannot be established, the
sweep-through purging method might be impractical, and pressure or vacuum purging might be more
appropriate.
The relationship between the number of volumes of purge gas circulated and the reduction in
concentration of the critical component in original tank contents, assuming complete mixing, is shown

on the graph in Figure E.2.6.
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FIGURE E.2.6 Dilution Ratio — Purging at Atmospheric Pressure (Complete Mixing
Assumed).

The following points should be noted:
(1) The total quantity required might be less than that for a series of steps of pressure purging.
(2) Four to five volumes of purge gas are sufficient to almost completely displace the original
mixture, assuming complete mixing.
E.2.7 Fixed-Rate Purging. This method involves the continuous introduction of purge gas into the
enclosure at a constant rate, which should be sufficient to supply the peak requirement in order that
complete protection is provided, and a corresponding release of purge gas and whatever gas, mist, or
dust has been picked up in the equipment.
The following information regarding the fixed-rate purging method should be noted:
(1) The advantages are simplicity, lack of dependence on devices such as pressure regulators, and
possible reduced maintenance.
(2) The disadvantages are as follows:
(a) Continuous loss of product where the space contains a volatile liquid, due to constant “sweeping”
of the vapor space by the purge gas
(b) Increased total quantity of purge gas, since it is supplied regardless of whether it is needed
(c) Possible disposal problems (toxic and other effects) for the mixture continuously released
Figure E.2.7 shows a method of flow control that can be used with fixed-rate purging.

FIGURE E.2.7 Method of Flow Control for Use with Fixed-Rate Purging.
| E.2.8 Variable-Rate or Demand Purging. This method involves the introduction of purge gas into
an enclosure at a variable rate that is dependent on demand and is usually based on maintaining
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within the protected enclosure an arbitrarily selected pressure slightly above that of the surrounding
atmosphere. Peak supply rate should be computed as described in Section E.3.

The following information regarding the variable-rate or demand purging should be noted:

(1) The advantages are that purge gas is supplied only when actually needed and that it is possible,
when desirable, to completely prevent influx of air.

(2) A disadvantage is that operation depends on the functioning of pressure control valves that
operate at sometimes very low pressure differentials, which are sometimes difficult to maintain.
Figure E.2.8(a) shows a method of flow control that can be used with variable-rate purging. Figure
E.2.8(b) shows an alternative method that is applicable where the purge gas requirement during out-
pumping is a large part of the peak demand.

¥
To vessel —»|

From distribution VApOr space <= To purged
header enclosure

E

het— Chack valve

nion — == Unian
Strainer —-‘iﬁ

Flow control valve size
based on peak demand

b

Drain—rl-:
FIGURE E.2.8(a) Method of Flow Control for Use with Variable-Rate Purging.
From distribution —» «— To purged
header enclosure

N« Check vaive

f /]

Union —» = «— Union
Continuous

Strainer —», low-volume bleed

'L
lll

Qrifice plate

"

Solenoid valve
operated by pump
motor switch

Drain —»

FIGURE E.2.8(b) Alternative Method of Flow Control for Use with Variable-Rate Purging.

E.3 Calculation of Peak Purge Gas Rates.
Peak demand is described in Section 7.6 as the total expected system requirements.
For any one element of the system, the peak demand is controlled by factors such as the following:
(1) Maximum withdrawal rate
(2) Temperature change
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(3) Leaks

(4) Rapid atmospheric pressure changes

Cooling of the contents of a vessel containing a vapor or hot liquid presents a special and frequent
case of vacuum purging. Condensation of vapor to a liquid or reduction in pressure of the gas phase
can rapidly produce partial vacuum, which could result in the following conditions:

(1) Imposition of excessive stresses on equipment or collapse of the vessel

(2) Sucking in of air from joints that might not leak under internal pressure

(3) Creation of a need for high supply rates of inert gas

Every situation should be treated individually. The peak supply rate should be computed for each
case, with consideration given to cooling rate, vessel size, and configuration, which determine the
rate of condensation.

If neither the reducing valve nor the source gas can be relied on to supply the amount of inert gas
required to prevent reduction of pressure below atmospheric, the vessel might have to be designed
for full vacuum.

For a vessel that contains a liquid, the purge gas demand from liquid withdrawal, change of liquid
composition from mixing, or increasing solubility of purge gas in the liquid is the greater of one of the
following factors:

(1) The volume equivalent of the capacity of the largest pump that can withdraw liquid

(2) The maximum possible gravity outflow rate

Where two tanks are manifolded together so that one can flow by gravity into the other, a vapor space
interconnection is sometimes used to reduce the required purge gas supply from outside sources.
For outdoor tanks operating at or near atmospheric pressure, the maximum demand from
temperature change occurs in outdoor tanks operating at near atmospheric pressure as a result of
sudden cooling by a summer thunderstorm. The rate of purge gas supply necessary to prevent vessel
pressure falling significantly below atmospheric pressure can be calculated as follows:

(1) For tanks over 3.028 million L (800,000 gal) capacity, 0.056 m3 (2 ft3) of purge gas per hour for
each square foot of total shell and roof area

(2) For smaller tanks, 0.028 m3 (1 ft3) purge gas per hour for each 151 L (40 gal) of tank capacity or
the rate corresponding to a mean rate of the change of the vapor space temperature of 38°C (100°F)
per hour

See API Standard 2000, Venting Atmospheric and Low-Pressure Storage Tanks Nonrefrigerated and
Refrigerated, for further information on the calculation of rate of purge gas supply.

The rates for temperature change and liquid withdrawal should be added unless a special
circumstance exists that prevents them from occurring simultaneously.

In some equipment, such as pulverizers, the rate of purge gas supply necessary to exclude air might
be dominated by leakage, and temperature change can be ignored.

Annex F Flame Arresters
This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.

F.1 General Information.

Flame arresters are passive devices designed to prevent propagation of gas flames. Typical
applications are to prevent flames entering a system from outside (such as via a tank vent) or
propagating within a system (such as from one tank to another). Flame arrestment is achieved by a
permeable barrier, usually consisting of metallic filter discs containing narrow channels, which
removes heat and free radicals from the flame fast enough to both quench it within the filter discs and
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prevent re-ignition of the hot gas on the protected side of the arrester. These metallic filter discs are
known as “elements.” [Perry]

| Table F.1 shows an overview of operating principle, flame arrester type, and typical field of
application of flame arresters.

| Table F.1 Operating Principles of Flame Arrester*

| Operating Principles Flame Arrester Type Field of Application
Static flame arrester General use
uenching the flame in narrow gaps  (in-line and end-of-line)
IFroducing flow velocities above flame High velocity vent valve Tank venting
velocity by valve action (end-of-line)
Producing and monitoring flow Flow controlled aperture (end-of- Burner injection, stacks
velocities above flame velocity by line)

action of external equipment

FForming a liquid seal (siphon) by liquid Liquid product flame arrester (in- Liquid-filled lines
product in a product line line)
IBreaking the flow of explosive mixture Hydraulic flame arrester (in-line)  Gas—air mixtures loaded

into discrete bubbles in a water with particles (e.g., dust,
column droplets)

*See Annex G, Forster (2001a) and Forster (2001b).

To avoid the misapplication of flame arresters it is necessary to further subdivide them into
application groupings, where the expected process conditions and location in the piping affect the
ability of the different designs to stop flame propagation. In-line flame arresters are divided into in-line
deflagration arresters, in-line stable detonation arresters, and in-line unstable detonation arresters.
End-of-line flame arresters are not applicable to isolation within closed systems. This type of flame
arrester is limited to external ignition sources. End-of line flame arresters are divided based on the
expected longest burning time (fuel continues to be delivered) into atmospheric deflagration, short
time burning, and endurance burning. It is important to understand the function of such a safety
device. There are several different flame-arresting technologies in the market place, which are
described in detail in Forster (2001a). In the following, only the so-called static flame arresters are
reviewed. Static flame arresters are independent of any kind of secondary energy supply and have no
moving parts that could lead to malfunction. Therefore, they are a highly reliable safety means if
applied to the process in the right way.

| In simplified terms, a static flame arrester is a heat exchanger that absorbs the heat from a
deflagration or a detonation flame front, thereby extinguishes the flame, and allows only the vapors to
pass through the arrester.

| As mentioned, selecting the correct flame arrester is one of the problems encountered in the flame
arrester market today. The complexity involved in understanding the combustion process when
selecting flame protection devices leads to confusion and misapplications.

| Equally important to understanding the combustion process is the clear understanding of the
boundary conditions for proper installation. Many flame arresters are tested by an independent third
party to obtain an approval that proves the arrester has passed specific test conditions and
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installation configurations. If the arrester is installed incorrectly, this approval is void because the
arrester is likely to fail. Probably the most common misapplication of this kind in the industry is the
installation of end-of-line flame arresters into an in line mode, as a result of environmental regulations
that require the routing of vent vapors from free venting tanks into vapor recovery or vapor destruction
systems (flares, thermal oxidizers) to reduce emissions. In most cases, the original installation of the
end-of-line flame arrester was safe but, after being tied into a complex vent header system, the end-
of-line flame arrester is now exposed to in-line flame velocities and pressures, which can exceed the
test conditions and make the arrester fail (Davies and Heidermann 2006).

F.2 Flame Arrester Use.
This section explains the different processes of combustion and the principal hazards and situations
arresters are tested for.
Flame arresters can be installed correctly only if engineers understand the combustion process and
know under which conditions (process pressure, temperature, oxygen concentration, distance from
ignition source, in-line, end-of-line) the flame arrester was tested.
For flame arrester applications, the combustion process can be differentiated by stabilized burning
and explosion [Figure F.2(a)]. Stabilized burning is a combustion process in which a steady flame
occurs for a short time or a long time (endurance burning). These combustion processes can be
present during the venting of tanks or reactors. Depending on the time during which a combustible
gas mixture vents, short time or endurance burning can be present. A typical endurance-burning
situation may occur during the filling process of a storage tank, which can take several hours or even
up to 2 days in the petrochemical industry.

Process of combustion

|
[ ]

Stabilizad burning Explosion
[ |
[ ] I ]
Short time burning Endurance burning Deflagration Detonation
Unconfined Confined Stable Unstable

deflagration | | deflagration detonation detonation

FIGURE F.2(a) Differentiating the Process of Combustion.

The combustion process concerning explosion can be differentiated into deflagration, with flame front
velocities below the speed of sound and detonations with flame velocities above the speed of sound.
For deflagrations, we have to distinguish between unconfined deflagration, which mainly occurs at
end-of-line, that is, at conservation vents on top of a tank or reactor during the out breathing process,
and confined deflagration, which occurs within piping systems leading to vapor recovery or vapor
destruction units (i.e., incinerators or flares). For a better understanding of the confined combustion

process in piping systems, see Figure F.2(b).
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FIGURE F.2(b) Flame Speed and Pressure Curve of a Confined Explosion Process.

This figure shows the velocity and pressure buildup in a confined piping system. If an explosive air—
gas mixture (i.e., waste and air) is ignited in a tube (i.e., burner), the flame propagation starts with a
deflagration [see Figure F.2(b)]. A deflagration is a combustion wave that propagates by the transfer
of heat and mass to the unburned gas ahead of it. During this period the combustion occurs behind
the pressure wave. The influence of temperature extends the gas volume; by this the pressure
increases the velocity, and turbulence is increased also. The rate of turbulence increases the
combustion rate and the kinetics of the combustion reaction are mainly influenced by temperature
and so the combustion front picks up close to the pressure wave. Usually the flame velocity is
subsonic at this time. Under suitable and complex combinations of circumstances [including gas
composition, running up distance (length of run from the ignition source), L/D ratio > 50 (L is the
length from ignition source, D is the inner pipe diameter), flame front turbulence-creating factors (i.e.,
bends)] an advancing flame front can accelerate and change from the deflagration mode to the
unstable detonation. This superimposed combustion area is evidenced by a rapid and sharp
escalation of temperature and pressure. In this period pressure has increased to a self-ignition point
of the gases mixture. After reaching a maximum pressure the unstable deflagration turns into a stable
detonation. Here the flame moves through the gas above the speed of sound (supersonic) into
unreacted gas [see Figure F.2(b)]. It is evident that such pressure and flame sources should be
prevented for plant protection or, if inevitable, be controlled by protection systems.
As mentioned, the most common misapplication of flame arresters is to install an end-of-line tested
flame, arrester in in-line applications, incinerators, flares, or any other system with a continuous
ignition source present.
The second biggest mistake is to assume that any kind of in-line flame arrester is truly endurance
burning proof.

F.3 Flame Arrester Testing.
To examine the complexity of this problem, this section explains the difference between the end-of-
line test and the in-line testing of a flame arrester and shows the different hazardous setups the tests
have been developed for. It then describes the different methods of endurance burning testing for in-
line detonation arresters.
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F.3.1 End-of-Line Hazard and Test Procedure. Figure F.3.1 shows the typical hazards for which
the test procedures of end-of-line flame arresters have been developed. The figure shows a vessel
(tank, reactor, etc.) that has an explosive mixture in its interior and exterior. If this explosive mixture is
ignited by an ignition source, it is the job of the end-of-line flame arrester to prevent flame propagation
into the tank.

Explosible
mixture

Deflagration
front

Burnt
mixture

End-of-line
defiagration
arrester

FIGURE F.3.1 Application of End-of-Line Deflagration Arrester. [Forster (2001b)]

The key of the test procedure is that in both tests conducted to North American and European
standards an ignition source is used at the open end of a pipe or within a thin plastic bag enclosing
the flame arrester. By this method an atmospheric deflagration is produced that has a very slow flame
velocity and low explosion pressure at the flame arrester. Consequently, it would be wrong to install
this type of arrester in an in-line application, as it is not tested for this condition.

F.3.2 In-Line Hazard and Test Procedure. Figure F.3.2(a) shows a typical hazard for which either

in-line deflagration or in-line detonation arresters have been developed. An ignition source can be

present in front of an incinerator and run back into the process piping; see Figure F.3.2(a).
Tank

Deflagration front

/

Burnt mixture

In-line deflagration/detonation arrester

Explosibile mixture

FIGURE F.3.2(a) Application of In-Line Deflagration or Detonation Arrester. [Forster (2001b)]

The difference between in-line deflagration arrester and in-line detonation arrester results from the
tested (installed) run-up length of the flame on the unprotected side. Deflagration arresters are limited
to a maximum pipe length between possible ignition source and arrester. On the other hand, in-line
detonation arresters do not have such limitation. For this reason it is important to know the L/D ratio
for a tested in-line deflagration arrester.

107 I First Draft Report: Proposed 2014 Edition NFPA 69



| For achieving a sufficient degree of safety the test setups in all different test standard ignite the test
gas at stochiometric condition (air-to-fuel ratio at or close to 1.0) at the closed end of a pipe, with
sufficient run-up distance for testing for either in-line deflagration or in-line detonation [see Figure

F.3.2(b)].

Defiagration/detonation from
Ignition source

. e
*

—

Burnt mixiure Explosible mixiure

In-line deflagration/detonation flame armrester
FIGURE F.3.2(b) In-Line Deflagration or Detonation Flame Arrester Testing Example [EN
12874 and Forster (2001b)].

The testing of in-line static deflagration arresters is well established. It can be shown that — for a
given flame arrester — the most significant parameter for flame transmission is the transient
explosion pressure at the arrester when the flame is just going to enter the arrester element (matrix of
quenching gaps) (Hattwig and Steen 2004). The lengths of the pipes on the protected and
unprotected sides influence this pressure. (Forster and Kersten 2002)
| This knowledge allows flexible pipe length installations in the test set-up as well as specific limits for
use: For example, the ratio of pipe length (between the potential ignition source and the flame
arrester) and pipe diameter is not to exceed the tested ratio. A considerable safety margin is
introduced by the requirement that at least 10 percent of the cross-sectional area of the pipe has to
be open on the ignition source side (for example, the mouth of a burner injection) (Foérster and
Kersten 2002).
| In addition to this, some detonation arrester test standards, such as Factory Mutual (FM), Canadian
Standards Association (CSA), and U.S. Coast Guard (USCG), might call for long-time burn test. This,
at least in theory, should protect from the hazard in which a flame can stabilize on the surface of the
in-line flame arrester element.
F.4
The following procedure is recommended to avoid misapplication of flame arresters:
F.4.1 Step 1: Determine the hazards from propagating flames and flame arrester classification using
Table F.4.1 as modified.

| Table F.4.1 Hazards from Stabilized Flames and Flame Arrester Classification

| Basic Hazard Situation Flame Arrester
(Application) Classification

An unconfined deflagration propagates into an End-of-line deflagration (not applicable in this

enclosure standard)

A deflagration confined by an enclosure Pre-volume deflagration (applicable in this

propagates to the atmosphere outside standard)

,{\ deflagration confined by a pipe propagates into  In-line deflagration (applicable in this standard)
connecting pipework

4\ detonation confined by a pipe propagates into In-line detonation (applicable in this standard)
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connecting pipework

F.4.2 Step 2: Determine location of flame arrester.

(1) End of line (tank, reactor, free vent, etc.)

(2) Inline (vent header, incinerator, carbon absorption, etc.)

(3) On equipment (blower, dry running vacuum pump)

(a) There can be an arrester for the following:

i. Atmospheric deflagration only

ii. Atmospheric deflagration and short-time burning

iii. Atmospheric deflagration and short-time burning and endurance burning

(b) There can be an arrester for the following:

i. In-line deflagration

ii. Stable detonation

iii. Unstable detonation

(c) There can be an arrester for the following:

i. Type tested on equipment (vacuum pump, blower, etc.)

F.4.3 Step 3: Determine process condition.

(1) Process vapor (vapor group classification)
) Process temperature

(8) Process pressure
) Process oxygen concentration

(5) Presence of self-decomposing chemicals

F.4.4 Step 4: Verify approval.

(1) Check if approval is acceptable (USCG, FM, EN 12874, etc.).

(2) Check test protocol from independent third party testing to verify if process conditions (step 3)

are met.

F.4.5 Step 5: Evaluate process plant classification hazardous areas.

(1) Class I Division 1 Hazardous (Classified) Location (normally hazardous) (NEC) normally or

frequently hazardous (EC, IEC, NEC) Zone O

| (2) Class | Division 1 Hazardous (Classified) Location (normally hazardous) (NEC) occasionally
hazardous (EC, IEC, NEC) Zone 1

| (3) Class | Division 2 Hazardous (Classified) Location (not normally hazardous) (NEC) not normally
hazardous (EC, IEC, NEC) Zone 2

| F.4.6 Step 6: Determine number of measures for protection considering area classification using

Table F.4.6.

| Table F.4.6 Number of Measures Against Flame Transmission

| Ignition Source Zone 0 Zone 1 Zone 2
Permanent, normal operation 3 2 1
Normal faults 2 1 0
Rare faults 1 0 0

| F.5 Application Example 1:
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In many cases, complex mixtures from process-technical plants comprising different products of
several operating plants cannot be recovered for cost reasons. To meet environmental regulations
they have to be thermally destroyed by a incinerator. Consequently, a permanent ignition source and
a potentially explosive mixture can be present either permanently or over a long period of time.
Therefore, the measures taken for explosion isolation have to be sufficient, and it is recommended to
install certified protective systems. Figure F.5(a) shows an incinerator processing an explosive
mixture from a process facility and an example of different layers of protection.

End-of-line
endurance Li
burn arrester Combustor |
Gas jet pump
Detonation Deflagration
arrester arrester
. N T
Waste gas H:L’/
zone O g

i 4

Inert gas Maotive gas

FIGURE F.5(a) Multiple Layer Protection for a Continuous Ignition Source (Zone 0).
Applying the safety matrix concept results in the use of multiple independent protection measures. In
this example three independent measures are required for Zone 0 with a permanent operational
ignition source. It is recommended that at least one of the measures is a static flame trap, either a
deflagration-approved flame arrester or a detonation-approved flame arrester.
The selection of the suitable safety measures depends upon the operational possibilities and needs
precise consideration by a specialist consultant. The in-line deflagration flame arrester should be
installed as close as possible to the operational ignition source. It is necessary to choose a
temperature-monitored deflagration flame arrester for detecting stable flame on the arrester surface.
An in-line deflagration arrester produces a lower pressure drop than an in-line detonation arrester.
In addition to the deflagration flame arrester, a burner inlet combined with volume flow control for air—
nitrogen supply for ensuring a minimum cross-sectional flow velocity in case the minimum volume
flow is exceeded, is a useful tool to protect against flashback. However, it should be accepted as an
independent measure only if it has an independent approval as a dynamic flame trap.
The third measure could be either monitoring of oxygen concentration or a static detonation flame
arrester, which can be installed at any distance to the possible ignition source.
These three measures guarantee proper safety-technical decoupling of a possible combustion
process and ignition source being sufficient for Zone 0.
Figure F.5(b) shows applications where flame arresters might be used.
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Tank truck top/bettom loading
Tank wagon with vapor return
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; i.“.a QCE \
Incinerator system

L&
FIGURE F.5(b) Typical Flame Arrester Applications.

First Revision No. 28:NFPA 69-2008
[FR 28: FileMaker]
Annex G Deflagration Containment Calculation Method for Two Interconnected Vessels
G.1 When only two vessels are connected without isolation devices, Holbrow et al. provides guidance
to apply a correction factor to the P,.max design value, based on the volume ratio of the vessels and
the interconnecting piping diameter. The guidance is limited to situations where-in which the following

conditions apply

(1) Praxmax is less than 9 bargbar-gauge (10 bar-absolute).
(2) The two volumes are V41 and Va,, with V44 belng the larger volume, limited to 20 m>

(3) V44 is to include the volume of interconnecting piping, and ignition is presumed in V41, unless it
can be discounted with a high degree of certainty.

(4) Volume of interconnecting piping is small relative to the vessels.

(5) L/D of the interconnecting piping should not cause significant flame acceleration.
The flowchart for this guidance is shown in Figure G.1(a) and the correction factor, CF, in Figure
G.1(b). With a larger diameter connecting pipe, the pressure in V2, more readily equalizes with V44,
S0 the Paaxmax adjustment is lower. Ih&gmdeneeHolbrow et al. also states, based on their
experiments, that piping less than 0.1 m (4 in.) diameter is unlikely to propagate a deflagration.
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Figure G.1(a) Flowchart for Design Pressure Selection in Linked Contained Vessels.
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Figure G.1(b) Compression Factor for Linll()ed IVes)sel Guidance (expressing PPp;axmax in bar-
absolute).

If applying-the guidance of Holbrow et al. is applied, as in Figure G.1(a), rete-that-Pyamax is to be
expressed in bar-absolute when multiplied by the correction factor(s). The dimensionless pressure
ratio, R, for use in Equations 13.1 or 13.2 is then numerically equivalent to the adjusted Ppaxmax in
bar-absolute.
G.2 Example Determination of R for Linked Vessels:
Dust Pproperties: Ks; = 250 bar-m/s, Ppax max.a = 8.5 bar-absolute
Vessel Vvolumes: 4.5 m®and 1.5 m*
Connecting Ppipe: Diameter = 0.3 m, Llength =5 m, Vo-Vp = 0.35 m®

vV,  15m°

V, (45+0.35)m°

— N 221
=UoL

Vv, 1.5m3
— = =0.31
vV, (4.5 + 0.35)m3
From Figure G.1(b), CF = 2.52
Following the flow chart ef-in Figure G.1(a):
(1) Ratio of vessel volumes is not less than 0.25.
(2) Vessel volume ratio is 0.25—to 0.5.
(3) Ignition is not enly-possible only in smaller vessel.
(4) Pipe diameter is less than 0.5 m.
(5) Design t0 Ppax maxa ® CF.
Theoretical Mmaximum Ppressure = Ppax maxa ® CF = 8.5 ¢ (2.52) = 21.4 bar-absolute
R = 21.4 at 25°C [for use in Equation 13.1 or 13.2]
REFERENCES:
Barton, J. (Editor), Dust Explosion Prevention and Protection, A Practical Guide. Houston, TX: Gulf
Professional Publishing, 2002.

Annex GH Informational References
GH.1 Referenced Publications.

The documents or portions thereof listed in this annex are referenced within the informational
sections of this standard and are not part of the requirements of this document unless also listed in
Chapter 2 for other reasons.
GH.1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, Quincy, MA
02169-7471.
NFPA 51B, Standard for Fire Prevention During Welding, Cutting, and Other Hot Work, 2003 edition.
NFPA 68, Standard on Explosion Protection by Deflagration Venting, 2007 edition.
NFPA 326, Standard for the Safeguarding of Tanks and Containers for Entry, Cleaning, or Repair,
2005 edition.
Fire Protection Guide to Hazardous Materials, 13th edition, 2002.
GH.1.2 Other Publications.
GH.1.2.1 AIChE Publications. American Institute of Chemical Engineers, Three Park Avenue, New
York, NY 10016-5991.
AIChE Center for Chemical Process Safety, Guidelines for Hazard Evaluation Procedures, Wiley,
New York, 1992.
GH.1.2.2 ANSI Publications. American National Standards Institute, Inc., 25 West 43rd Street, 4th
Floor, New York, NY 10036.
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ANSI/ISA 84.00.01, Parts 13, Functional Safety: Safety Instrumented Systems for the Process
Industry Sector, 2004.

GH.1.2.3 API Publications. American Petroleum Institute, 1220 L Street, NW, Washington, DC
20005.

API 2000, Venting Atmospheric and Low-Pressure Storage Tanks Nonrefrigerated and Refrigerated,
4th edition, 1992.

API 2016, Guidelines and Procedures for Entering and Cleaning Petroleum Storage Tanks, 2001.
GH.1.2.4 ASME Publications. American Society of Mechanical Engineers, Three Park Avenue,
New York, NY 10016-5990.

ASME Boiler and Pressure Vessel Code, 2007.

First Revision No. 20:NFPA 69-2008
[FR 20: FileMaker]
GH.1.2.5 ASTM Publications. ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken PA 19428 2959.

ASTM E 1226 Standard Test Method for EprOSIb///tv of Dust Clouds, 2010 Pressu#e—and—RateLGf
Pressure Rise for Combustible Dusts, 2005.

ASTM E 1491, Standard Test Method for Minimum Autoignition Temperatures of Dust Clouds, 2006.
ASTM E 1515, Standard Test Method for Minimum Explosible Concentration of Combustible Dusts,
2007 2003.

ASTM E 2019, Standard Test Method for Minimum Ignition Energy of a Dust Cloud in Air, 2003
(2007).

ASTM E 2021, Standard Test Method for Hot-Surface Ignition Temperature of Dust Layers, 2006
20009.

ASTM E 2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and
Vapors, 2007.

ASTM WK 1680, Test Method for Limiting Oxygen (Oxidant) Concentration of Combustible Dust
Clouds, unpublished draft.

GH.1.2.6 CEN Publications. European Committee for Standardization, 36 rue de Stassart, B-1050
Brussels, Belgium.

EN 12874, Flame Arresters — Performance Requirements, Test Methods and Limits for Use, 2001.
EN 14034-4, Determination of Explosion Characteristics of Dust Clouds, Part 4, Determination of the
Limiting Oxygen Concentration LOC of Dust Clouds, 2004.

GH.1.2.7 FMGR Publications. FM Global Research, FM Global, 1301 Atwood Avenue, P.O. Box
7500, Johnston, RI 02919.

FM Data Sheet 7.76, Prevention and Mitigation of Combustible Dust Explosions and Fire, January
2005.

GH.1.2.8 IEC Publications. International Electrotechnical Commission, 3, rue de Varembé, P.O.
Box 131, CH-1211 Geneva 20, Switzerland.

IEC 61511, Functional Safety — Safety Instrumented Systems for the Process Industry Sector, 2003.
GH.1.2.9 Military Specifications. Department of Defense Single Stock Point, Document
Automation and Production Service, Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-
5094.
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MIL-B-87162A, Military Specification: Baffle Material, Explosion Suppression, Expanded Aluminum
Mesh, for Aircraft Fuel Tanks, 1994.

MIL-C-5541, Chemical Conversion Coatings on Aluminum and Aluminum Alloys, 2006.
MIL-DTL-83054C, Detailed Specification Baffle and Inserting Material, Aircraft Fuel Tank, 2003.
MIL-PRF-87260A (USAF), Performance Specification, Foam Material, Explosion Suppression,
Inherently Electrostatically Conductive, for Aircraft Fuel Tanks, 1998.

GH.1.2.10 NOAA Publications. National Oceanic and Atmospheric Administration, (NOAA), 14th
Street and Constitution Avenue, NW, Washington, DC 20230.

NOAA Reactivity Worksheet, April 2007.

GH.1.2.11 SAE Publications. Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.

SAE AIR 4170A, Reticulated Polyurethane Foam Explosion Suppression Material for Fuel Systems
and Dry Bays, 1998.

GH.1.2.12 U.S. Government Publications. U.S. Government Printing Office, Washington, DC
20402.

Title 33, Code of Federal Regulations, Part 154.

GH.1.2.13 Other Publications.

Bartknecht, W., Explosions: Course, Prevention, Protection, Springer-Verlag, Heidelberg, 1989.
Barton, J. (Editor), Dust Explosion Prevention and Protection — A Practical Guide. Institution of
Chemical Engineers, Rugby, England, UK, 2002.

Britton, L. G., Using Heats of Oxidation to Evaluate Flammability Hazards, Process Safety Progress,
20(1), (March 2002): 31-54.

Chatrathi, K., and J. Going, Pipe and Duct Deflagrations Associated with Incinerators, Process Safety
Progress, 15(4), (1996): 237.

Chatrathi, K., J. Going, and W. Grandestaff, Flame Propagation in Industrial Scale Piping, Process
Safety Progress, 20(4), (2001): 286294.

Coward, J. F., and G. W. Jones, Limits of Flammability of Gases and Vapors, Bulletin 503, U.S.
Bureau of Mines, Pittsburgh, PA, 1952.

Eckhoff, R. K., Dust Explosions in the Process Industries, Butterworth-Heinemann, Oxford, England,
2003.

Forster, H., Flame Arrester Testing and Qualification in Europe, Proceedings of the 10th International
Symposium on Loss Prevention and Safety Promotion in the Process Industries, Stockholm, Sweden,
19-21 June 2001a.

Forster, H., Flame Arresters — The new standard and its consequences, Proceedings of the
International ESMG Symposium, Part 2: Industrial Explosion Protection, Nurnberg, Germany, 27—-29
March 2001b.

Forster, H., and C. Kersten, Investigation of Deflagrations and Detonations in Pipes and Flame
Arresters by High Speed Framing, 4th International Symposium on Hazards, Prevention and
Mitigation of Industrial Explosions, Bourges, France, 21-25 October 2002.

Green, D. W., and R. H. Perry, Chemical Engineering Handbook, 7th ed., Wiley, New York, 1997.
Grossel, S. S., Detonation and Deflagration Flame Arresters, Wiley, New York, May 2002.

Hattwig, M., and H. Steen, Handbook of Explosion Prevention and Protection, Wiley—VCH Verlag
GmbH & Co., Weinheim, Germany, 2004.

Heidermann, T., and M. Davies, In-Line Flame Arrester Application Limits and Matrix Concept for
Process Plant Safety from Flash Back of Thermal Combustion Units, Proceedings of the 40th Annual
Loss Prevention Symposium, Global Congress on Process Safety AIChE Spring National Meeting,
Orlando, FL, April 24-27, 2006.
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Jones, G. W., M. G. Zabetakis, J. K. Richmond, G. S. Scott, and A. L. Furno, Research on the
Flammability Characteristics of Aircraft Fuels, Wright Air Development Center, Wright-Patterson AFB,
OH, Technical Report 52-35, Supplement |, 1954, 57 pp.
Ketchum, D. E., J. K. Thomas, and Q. A Baker, Loss of Inerting Due to Multiple Exhaust Vents, paper
presented at the 39th Annual Loss Prevention Symposium, Atlanta, GA, April 10-15, 2005.
Kuchta, J. M., Bulletin 680, U.S. Bureau of Mines, Pittsburgh, PA, 1985.
Kuchta, J. M., A. L. Furno, A. Bartkowiak, and G. H. Martindill, Effect of Pressure and Temperature on
Flammability Limits of Chlorinated Combustibles in Oxygen-Nitrogen and Nitrogen Tetroxide-Nitrogen
Atmospheres, Journal of Chemical and Engineering Data, Vol. 13, No. 3, July 1968 (American
Chemical Society, Washington, D.C.), p. 421.
Moore, P., and D. Spring, Design of Explosion Isolation Barriers, IChemE Symposium Series No.
150, 2004, 1-20.
Roser, M., A. Vogl, S. Radandt, W. Malalasekera, and R. Parkin, Investigations of Flame Front
Propagation between Interconnected Process Vessels, J Loss Prevention Process Industries,
12(1999): 421-436.
Siwek, R., and P. E. Moore, Design Practice for Extinguishing Barrier Systems, Process Safety
Progress, 16(4), (1997): 219.
Szego, A., K. Premji, and R. Appleyard, Evaluation of Explosafe Explosion Suppression System for
Aircraft Fuel Tank Protection, Air Force Report AFWAL-TR-2043, AD A093125, 1980.
Zabetakis, M. G., Flammability Characteristics of Combustible Gases and Vapors, Bulletin 627, U.S.
Bureau of Mines, Pittsburgh, PA, 1965.
Zabetakis, M. G., and B. H. Rosen, Considerations Involved in Handling Kerosine, Proceedings, API,
Vol. 37, Sec. lll, 1957, p. 296.
GH.2 Informational References.

The following documents or portions thereof are listed here as informational resources only. They are
not a part of the requirements of this document.
Aluminum Association, International Alloy Designations and Chemical Composition Limits for
Wrought Aluminum and Wrought Aluminum Alloys, Alexandria, VA, April 2006,
Aluminum Association Standard H35.1, Alloy and Temper Designation System for Aluminum,
Aluminum Association, Alexandria, VA, 2006.
Brenn-und Explosions-Kenngrossen von Stauben, Berufsgenossenschaftliches Institut fur
Arbeitssicherheit (BIA) Bergbau-Versuchsstrecke, Institut fur Explosionsschutz und Sprengtechnik,
Sonderdruck der sicherheitstechnischen.
Noronha, J. A, J. T. Merry, and W. C. Reid, Deflagration Pressure Containment for Vessel Safety
Design, Plant/Operations Progress, Vol. 1, No. 1, American Institute of Chemical Engineers, New
York, NY, January 1982.
Pineau, J. P., Mechanisms of the Propagation of Dust Explosions in Elongated Vessels, Seminar
Course on Dust Explosion Venting, London, October 1987.
Schuber, G., Rotary Valves for Explosion Isolation: Approval Without Testing, European Information
Centre for Explosion Protection—International Symposium, Antwerp, Belgium, September 1989.
VDI Richtlinie 3673, Verein Deutscher Ingenieure-Kommission Reinhalting der Luft, Dusseldorf, VDI
Verlag GmbH, Dusseldorf, 1979 and 1983.
Zabetakis, M. G., Gasfreeing of Cargo Tanks, Information Circular 7994, U.S. Bureau of Mines,
Pittsburgh, PA, 1961.

GH.3 References for Extracts in Informational Sections. (Reserved)
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Report on First Revisions with Statement — November 2013 NEPA 69

69 FR39
(1.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 1.1 Scope. Reservet- This standard applies to the design. installation. operation. maintenance. and
testing of systems for the prevention 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
Statement: The document did not have a scope statement.

69 FR2
(1.2.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise:
1.2.3* To meet a minimum level of reliability, explosion prevention and control systems desigreg-ane-nstatted 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) Third-party #speetierane approval of protection systems equipment and methodologies by an internationally
recognized testing laboratory for the function intended, &s where specified in Chapters 7 through 14.

€6 (3) Design documentation

5 (4) Commisstoningtests System acceptance

€3> (5) Management of change

4 (6) Regular testing and maintenance

Statement: The section was revised to incorporate the new term "System Acceptance”, defined in FR1. The
subsections were reordered to be consistent with typical system acceptance activities. The section was further revised
to clarify that each individual installation does not require third party inspection and approval.

69 FR40
(1.3.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 1.3.1 When desired by the owner or operator, of required by the authority having jurisdiction, or
wher required by other standards, explosion prevention shall be achieved by one or more of the following methods as
required to mitigate the damage, prevent the transport of #he an ignition source, and prepeagate prevent the deflagration:
(1) Using the methods in Chapter 7 or 8 to control the environment within the protected enclosure, such that a
deflagration cannot occur

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

(3) Using the methods in Chapter 10, 13, or 145 or ef in NFPA 68_Standard on Explosion Protection by Deflagration
Venting, to mitigate the effects of the deflagration; such that the protected enclosure will not be uncontrollably breached
Statement: The explosion protection system should prevent the deflagration, not propagate it.

Printed on 7/30/2012 1



Report on First Revisions with Statement — November 2013 NEPA 69

69 FR8
(2.3.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise text to read as follows:

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

ASTM D 257, Standard Test Methods for DC Resistance or Conductance of Insulating Materials, 2007 2665.

ASTM D 3574, Standard Test Methods for Flexible Cellular Materials — Slab, Bonded and Molded Urethane Foams,
2011 2663.

ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxidant) Concentration for Gases and Vapors, 2007.
Statement: The references were updated in accordance with the NFPA regulations.

69 FR11
(3.3.4)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Extract definition from NFPA 654:

3.3.4* Combustible Dust. A finely divided combustible particulate solid that presents a geftagration flash fire or
explosion hazard when suspended in air or seme-ether the process specific oxidizing medium over a range of

concentrationsrregaretess-efparticlesize-er-shape._[654, 2013

Statement: The definition of Combustible Dust is now extracted to coordinate with NFPA 654.

69 FR44
(3.3.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Revise existing:

3.3.5* Combustible-Particulate Solid. An eombustibte OX|d|zabIe, solid- Qhase materlal eempﬁsed-eif omgnsmg
distinct particles or pieces-+regs 2 Siptsieray
eonveyetd.

Statement: The definition of Combustible-Particulate Solid was updated to improve the accuracy.

69 FR1
(3.3.37)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new section:

3.3.37 System Acceptance. A series of actions to verify installation, operation, and integration of the protection system
in accordance with the basis of design, as well as training, validation testing, documentation, and ultimate arming of the
system.

Statement: The committee agrees with the intention of the submitter of PI#10, but feels that explosion protection
system acceptance goes beyond acceptance testing, as defined by NFPA 3, and has created a new term to cover the
full extent.

Printed on 7/30/2012 2
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69 FR9
(5.1.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise:

5.1.3 Matrterance-of Bestgreatttres Management of Change.

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

5.1.3.2 Any changes to the process shall require review of the design basis prior to implementation of the change.
543-2 5.1.3.3 Any changes to the design features shall require approval of the authority having jurisdiction prior to the
actual change.

Statement: This section was revised to explicitly incorporate management of change into performance based design.

69 FR7
(6.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Revise:

6.5 Aceeptance Validation Tests. All new protection system installations and modifications shall be tested or otherwise
evaluated to confirm the operational integrity of the system.

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

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

Statement: The section was revised to be consistent with the definition of the new term "System Acceptance", added in
FR1.

69 FR25
(7.1.3)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new:

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.

Statement: The new material was added to address the committee's concern that the low oxidant concentration
method can exacerbate the inherent fire or explosion hazard associated with readily oxidizable material.
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69 FR13
(7.7.2.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 7.7.2.5% One of the following requirements shall be met where the oxygen concentration is
eontintaty 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 shatbe less than 5 percent, i-whichease-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, e one of

(1) Where the LOC is greater than or equal to 5 percent, the oxygen concentration shall be designed to operate at no
more than 60 percent of the LOC
(2) Where the LOC is less than 5 percent. the oxygen concentration shall be designed to operate at no more than 40

percent of the LOC
7.7.2.7.1 €2y 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.

7.7.2.7.32 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 leakage.

(2) The vacuum level is monitored.

(3) The vacuum-creating medium is compatible with the process chemistry.

(4) The residual oxygen partial pressure is calculated or demonstrated by test to be at least 40 percent below the LOC.
Statement: 7.7.2.5 was modified to include a requirement for safety interlocks, similar to the concept under
combustible concentration control. Additionally, 7.7.2.5 and 7.7.2.7 were reorganized for consistency and clarity.
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69 FR15
(8.3.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Revise:

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 attematietastramentaton-with-safety-nteroeks-
isprevided, the combustible concentration shall be permitted to be maintained at or below 60 percent of the LFL.

(2) Aluminum powder production systems designed and operated in accordance with NFPA 484, Standard for
Combustible Metals, shall be permitted to be maintained at or below 50 percent of the LFL.

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

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

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

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 requirements:

(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 automatically 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
maintenance.

8.4 Instrumentation.

8.4.1* Instrumentation shall be provided to monitor and the control the process flows efthe-concentration-ofcombustible
eomponents.

8.4.2 Instrumentation shall be calibrated according to the requirements of Chapter 15.

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

Statement: The section was modified to improve consistency with the changes in FR13.
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69 FR22
(9.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 9.1* Application. Systems used for the predeflagration detection and control of certain specific
ignition sources shall be permitted to be used to reduce the probability of the occurrence of deflagrations in systems that
handle combustible particulate solids.

9.1.1 Systems used for the predeflagration detection and control of ignition sources shall be permitted to be used in
conjunction with other explosion prevention or explosion protection measures, such as deflagration suppression or
deflagration venting, 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
techniques that include, but are not limited to, the use of the following systems:

(1) Optical sensing systems

(2) Gas sensing systems

9.1.3 Optical sensing and gas sensing systems shall be permitted to be used for the detection, control, and
extinguishment of ignition sources as they pass through ducts, chutes, hoppers, 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
particle 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 sensing 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
extinguishing system.

Statement: The committee clarified that the use of predeflagration detection does not mandate the use of other
explosion prevention techniques. Those decisions are made in other occupancy standards. The intent is to permit the
use of such systems by themselves or in conjunction with other systems. Annex material is added in FR23 to clarify the
application limitations of such systems.

69 FR21
(9.3.3)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 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
criteria:

(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.
Statement: The committee added text to highlight the necessity of coordinated sampling for differential measurements.
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69 FR24
(9.4)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 9.4 Testing.

9.4.1 A functional test of all system functions shall be conducted 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.
Statement: Sensing systems require calibration and testing to ensure their accuracy and reliability.

69 FR3
(9.6.6)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 9.6.6 Atcommisstonirg As part of system acceptance, the system manufacturer and the owner or
operator shall document that the installation is in accordance with the design and that the system is armed and
functional. (See 15.6.)

9.6.6.1 Variances and any corrective actions shall be identified with the responsible party for any action identified.
9.6.6.2 Changes made at or during installation shall be approved by the system manufacturer and the owner or
operator and suitably documented.

9.6.6.3 Concurrence of the AHJ shall be obtained as appropriate.

Statement: The section was revised to incorporate the new term "System Acceptance”, defined in FR1.

69 FR41
(10.4.2)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 10.4.2 System Design Certification ¥ertfication.

10.4.2.1* System design methodology and application range shall have been supported by appropriate testing and
certified vefiftegt by an internationally recognized testing laboratory reepentdentparty-acceptable-to-the-AH3.

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

Statement: The committee recognizes that additional certification standards have become available and has updated
the requirements for certification accordingly. In addition, the terminology was made consistent for those systems where
certification is available.

69 FR4
(10.4.4.6)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Revise:

10.4.4.6 Atecommissioning As part of system acceptance, the system manufacturer and the owner or operator shall
document that the installation is in accordance with the design and that the system is armed and functional. (See 15.6.)
10.4.4.6.1 Variances and any corrective actions shall be identified 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
operator and suitably documented.

10.4.4.6.3 Concurrence of the AHJ shall be obtained as appropriate.

Statement: The section was revised to incorporate the new term "System Acceptance”, defined in FR1.
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69 FR42
(11.4.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 11.4.1 System Design Certification ertfieation.

11.4.1.1* System design methodology and application range shall have been supported by appropriate testing and
certified vefiftedt by an internationally recognized testing laboratory treepergentthire-party-aceeptable-to-the-AHI.
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

(6) Post-barrier extinguishing distance

(7) Pressure at barrier placement

11.4.1.4 Mechanical 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) 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 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) 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 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) Activation dynamics of the closure

(4) Minimum and maximum placements

(5) Pressure at valve placement

(6) Pressure limitation of hardware

Statement: The committee recognizes that additional certification standards have become available and has updated
the requirements for certification accordingly. In addition, the terminology was made consistent for those systems where
certification is available.
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69 FR5
(11.4.3.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 11.4.3.5 Ateommisstoring As part of system acceptance, the system manufacturer and the owner
or operator shall document that the installation is in accordance with the design and that the system is armed and
functional. (See 15.6.)

11.4.3.5.1 Variances and any corrective actions shall be identified 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 appropriate.

Statement: The section was revised to incorporate the new term "System Acceptance”, defined in FR1.

69 FR32
(12.2)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 12.2 Passive Isolation Techniques. Passive 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 diverters

(2) Passive float vetve valves

(3) Passive flap valves

(34) Material chokes (rotary valves)

(45) Static dry flame arresters

(56) Hydraulic (liquid seal)-type flame arresters

(67) Liquid product flame arresters

Statement: The committee has updated the section on passive isolation valves to add a new design option. The
committee has also provided a draft of details for system design and verification requirements (See CI33). See also
FR47 and FR34.

69 FR43
(12.2.2.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendatlon 12. 2 2.3* System C&mm Veﬁ-f-rea-t-rcﬁ The float valve system shettbe-ofadesigrthathas-
6 - design and application

range shaII have been supported by appropriate testing and certrfred by an mternatronally recognrzed testing laboratory.
12.2.2.3.1 Performance demonstration shall include the required minimum and maximum location placement distances

from the expected ignition source and the range of allowable Pred for the enclosure where the |gn|t|on might occur.
12.2.2.3.2 Areg € v y Hoarty-
Upon request, the system manufacturer shall provide to the owner or operator documentation supporting that the design
is in compliance with the manufacturer’s independent third-party approval, including application limitations, and is

suitable for the hazard to be protected.
Statement: The committee recognizes that additional certification standards have become available and has updated

the requirements for certification accordingly. In addition, the terminology was made consistent for those systems where
certification is available.
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69 FR33
(12.2.3)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new:

12.2.3* Flow-Actuated Flap Valve, The flow-actuated flap valve shall contain a damper plate that can rotate within its
housing to allow flow in the normal process direction and to isolate the inlet line in response to backpressure from a
deflagration propagating upstream.

12.2.3.1 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) Normal and operating dust concentration and material characteristics

(4) Type of deflagration protection used on the enclosure. if any

(5) Length. cross-sectional area, configuration, and strength of the piping

(6) Turbulence generating-features in the piping such as fittings. valves. elbows. and wall roughness

(7) Velocity of the combustible fuel-air mixture in the pipe

(8) Location of probable ignition sources

(9) Anticipated differential pressure across the valve during deflagration

(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

12.2.3.2 Flow-actuated Flap Valve Design Criteria, Reserved.

12.2.3.3 System Verification, Reserved.

12.2.3.4 Flow-actuated Flap Valve Application Limits, Reserved.
Statement: See FR32.

69 FR29
(12.2.4.2)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 12.2.45.2* Static Dry Flame Arrester Designs. For the purposes of this subsection, flame
arresters shall be divided into the following groups:

(1) In-line deflagration arrester

(2) In-line stable detonation arrester

(3) In-line unstable detonation arrester

(4) End-of-line deflagration arrester

(5) In-equipment deflagration arrester

Statement: The committee expanded the listed types of static flame arresters to include types already mentioned in
annex material and a new application, as well as to include another testing standard, applicable to end-of-line
deflagration arresters (See FR31).
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69 FR31
(12.2.4.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 12.2.45.5 System Verification.

12.2.45.5.1 Flame arresters shall be tested in accordance with internationally recognized standards for the identified
e application (e.g., FWvHBSE6ENE28+4r EM and USCG Standards: ISO 16852, Flame Arresters — Performance
Requirements, Test Methods and Limits for Use) and an independent third-party approval shall be issued.

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

12.2.45.5.3 Light metal alloys shall not contain more than 6 percent magnesium.

Statement: See FR29.

69 FR30
(12.2.4.6.7)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new:

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

12.2.5.6.8 The choice of stable versus unstable detonation arrester shall be made by the owner or operator in

consultation with the vendor, giving consideration to piping configuration and location of probable ignition sources.
Statement: The committee added requirements regarding the selection of stable versus unstable detonation arresters.

69 FR27
(13.2.2)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 13.2.2* Deflagration pressure containment shall not be applied to systems where two or more
vessels are connected by large-diameter pipes or ducts, unless one of the following conditions

is met:

(1) Deflagration pressure containment shall be permitted to be used where interconnected piping is provided with
deflagration isolation.

(2) Deflagration pressure containment shall be permitted to be used where venting is provided for interconnected piping.
(3) Deflagration pressure containment shall be permitted to be used where interconnected vessels are designed to
contain the increased pressures due to the effects of prepressurization. (See Annex G.)

(4) Deflagration isolation or venting of one vessel shall be permitted to be used.

(5)*Deflagration pressure containment shall be permitted to be used for initial gauge pressures exceeding 2 bar (30 psi)
only when the maximum deflagration pressure ratio (R) is determined by test or calculations.

Statement: See FR28.
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69 FR6
(15.6)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise text to read as follows:
15.6 stattatton-Checkottand-Commisstoning_System Acceptance
15.6.1 Prior to use, factory authorized personnel shall check out the explosion prevention system, including the
following steps, as applicable:
(1) Conduct a walkthrough and general visual inspection of eefreet location, size, type, and mounting of all system
components.
(2) Physically inspect system components, including mechanical and electrical component integrity.
(3) Conduct control unit functional testing.
(4) Make point-to-point wiring checks of all circuits.
(5) Enstre Verify the continuity and condition of all field wiring.
(6) Inspect sensing pathway and calibrate initiating devices.
(7) Verify that eefreet installation of system components including sensing devices, fast-acting valves, suppressant
storage containers, nozzles, spreader hoses, protective blowoff caps, plugs, and stoppers is in accordance with the
manufacturer's specifications.
(8) Verify system sequence of operations by simulated activation to verify system inputs and outputs.
(9) Conduct automatic fast-acting valve stroke test.
(10) Conduct prevalidation testing, verify system interlocks, and shutdown circuits.
(11) Identify and fix discrepancies before arming and handing off to user or operator.
(12) Recalibrate detection sensing devices to final set points.
(13) Complete record of system eemmissiontrgispection acceptance, including hardware serial numbers, detector
pressure calibrations, and suppressor and valve actuator charging pressures {psigy, as appropriate.
(14) Conduct end user training as required in Section 15.10.
(15) Conduct final validation testing for authority having jurisdiction.
(16) Arm the explosion prevention system.
Statement: The section was revised to incorporate the new term "System Acceptance”, defined in FR1.
Removed unenforceable language.
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69 FR37
(15.7.3)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 15.7.3* An inspection of explosion prevention systems shall be conducted in accordance with the
system designer’s requirements and project specifications and shall include the following conditions, where applicable:
(1) The process and processed material have not changed since the last inspection.

(2) The explosion prevention system has been preperty installed in accordance with this standard and the
manufacturer’'s instructions.

(3) System components, including mounting arrangements, are not corroded or mechanically damaged.

(4) User operation instructions are provided near the control unit.

(5) System components are clearly identified as an explosion prevention device.

(6) System components have no damage from the process, acts of nature, or debris.

(7) System components have not been painted or coated without prior approval from the original equipment
manufacturer.

(8) System components are not blocked by process material.

(9) System components have not been tampered with.

(10) The system has not discharged or released.

(11) System seals, tamper indicators, or discharge indicators, if provided, are in place and functioning.

(12) The control unit functions according to design requirements, circuits are prepetty supervising the system, and status
is “normal condition” when armed.

(13) The system wiring is free from ground conditions and faults.

(14) System suppressors and valve actuators are pressurized and operational.

(15) System interlocks are verified for preper sequence and functioning in accordance with the relevant specifications.
(16) Mechanical isolation (such as rotary valves), if used, {steh-as-rotary-ratvesretes) is maintained within the
requirements of this standard and design tolerances.

(17) Plant fire notification is verified.

(18) System sequence of operation is verified by simulated activation.

(19) System component serial numbers are verified as the same as those recorded during the last inspection.
Statement: Removed unenforceable language.

69 FR38
(15.10.2)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: 15.10.2 Initial and, at a minimum, annual refresher training shall be provided to personnel who
operate, maintain, supervise or are exposed to equipment and processes protected by explosion prevention systems.
Training shall include the following issues:

(1) Hazards of the workplace

(2) General orientation, including plant safety rules

(3) Process description

(4) Equipment operation, safe startup, shutdown, and response to upset conditions

(5) The necessity for prepetrfaretening-ofretated fire and explosion protection systems

(6) Maintenance requirements and practices

(7) Explosion prevention system arming and disarming procedures

(8) Process lockout/tagout procedures

(9) Housekeeping requirements

(10) Emergency response and egress plans

(11) Management of change procedures

(12) System impairment reporting procedures

Statement: Removed unenforceable language.
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69 FR10
(A.3.3.4)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise:

A.3.3.4 Combustible Dust. For purposes of this standard, a combustible particulate solid exhibiting only a fire hazard
under normal, abnormal, and upset process conditions is excluded. Materials that cannot burn at ambient conditions can
become combustible or explosible at elevated temperature, at elevated pressure, or when fuel vapors are present.

Both NFPA 69 and NFPA 68, Standard on Explosion Protection by Deflagration Venting, use the term combustible
dust in its explosion hazard context. In other words, the term combustible dust in both NFPA 69 and NFPA 68 is
synonymous with the term explosible dust used in the test standards.

Dusts traditionally have been defined as a material 420 pum or smaller (capable of passing through a U.S. No. 40
standard sieve). Eor consistency with other standards, 500 um (capable of passing through a U.S. No. 35 standard
sieve) is now considered an appropriate size criterion. The ration of particle surface area to volume is a key factor in
determining the rate of combustion. Combustible particulate solids with a minimum dimension more than 500 ym
generally have a surface to volume ratlo that is too small to pose a deflagratlon hazard Any—bu-ma-b+&ma-teﬁal-

uniess—teet—data—t&ﬂae—eenﬁarr&re—rw&ﬁabb—k&ewever—Flat platelet shaped partlcles flakes or p&rﬂei-es—e# flbers W|th

lengths that are large compared te with their diameter usually do not pass through a 428 500 pum sieve yet could still
pose a deflagration hazard. FarthermeremMany particulates accumulate electrostatic charge in handling, causing them
to attract each other; and formirg agglomerates. Often agglomerates behave as if they were larger particles, yet when
they are dispersed they present a S|gn|f|cant hazard. Consequently, it can be inferred that any partlculate that has a
minimum dimension of 500 um or less : 4 i
alse-be-deemed-could behave as a combustible dust if suspended in air or the process specific oxidizer.

If the minimum dimension of the particulate is greater than 500 um. it is unlikely that the material would be a
combustible dust, as determined by test. The determination of whether a sample of combustible material presents a
flash fire or explosion hazard could be based on a screening test methodology such as provided in ASTM E 1226,
Standard Test Method for Explosibility of Dust Clouds. Alternatively, a standardized test method such as ASTM E 1515
Standard Test Method for Minimum Explosible Concentration of Combustible Dusts could be used to determine dust
explosibility.

There is some possibility that a sample will result in a false positive in the 20 L sphere when tested by the ASTM
E1226 screening test or the ASTM E1515 test. due to the high energy ignition source over-driving the test. When the
lowest ignition energy allowed by either method still results in a positive result, the owner/operator can elect to
determine whether the sample is a combustible dust with screening tests performed on a larger-scale (=1m§) enclosure,
which is less susceptible to overdriving and will provide more realistic results.

The possibility for false positives has been known for quite some time and is attributed to “overdriven” conditions that
exist in the 20 L chamber due to the use of strong pyrotechnic igniters. For that reason, the reference method for
explosibility testing is basedona 1 mé chamber, and the 20 L chamber test method is calibrated to produce results
comparable to those from a 1 m? chamber for most dusts. In fact, the US standard for 20 L testing (ASTM E 1226) states
“The objective of this test method is to develop data that can be correlated to those from the 1-m3 chamber (described
in 1ISO 6184/1 and VDI 3673).” ASTM E 1226 further states, “Because a number of factors (concentration, uniformity of
dispersion, turbulence of ignition, sample age, etc.) can affect the test results, the test vessel to be used for routine work
must be standardized using dust samples whose K¢ and P, ., parameters are known in the 1 m3 chamber.”

NFPA 68 also recognlzes this problem and addresses it. stating: “The 20 L test apparatus is designed to simulate
results of the 1 m? chamber; however, the igniter discharge makes it problematic to determine Kg.values less than 50
bar-m/sec. Where the material is expected to yield K, values less than 50 bar-m/sec, testingina 1 m* chamber might

yield lower values."
Fhis The term_combustible dust is not exclusive to dusts; but also includes fibers, fines, chips, chunks, flakes, and

mixtures efthese thereof. A definition of this breadth is necessary because it is crucial to address the fact that there is
attrition of the material as it is conveyed. Pieces and particles rub against each other and collide with the walls of the
duct as they travel through the system. The rubbing and collision break down the material and produce a mixture of
pieces and much finer particles; called “dusts.* Consequently, it is expected that every conveying system produces
dusts, regardless of the starting size of the material, as an inherent by-product of the conveying process.

Most commercial test laboratories offer a tew-eest screening (“go” or “no go”) test to establish whether a dust sample is
combustible erret. Fhese The test metheds method commonly ase uses the test appearatases apparatus described in
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ASTM E 1226, Standard Test Method for Explosibility of Dust Clouds P+esstre-are-Rate-ofPressure-Rise-for

Any time a combustible dust is processed or handled, a potential for deflagration exists. The degree of deflagration
hazard varies, depending on the type of combustible dust and the processing methods used.

A dust deflagration exptester has the following four components:
(1) Combustible dust
(2) Dust dispersion in air or other oxidant &
(3) Sufficient concentration at or exceeding the minimum explosible concentration (MEC)
(34) Sufficiently powerful ignition source such as an electrostatic discharge, an electric current arc, a glowing ember, a
hot surface, welding slag, frictional heat, or a flame
-Confinement

If the deflagration is confined and produces a pressure sufficient to rupture the confining enclosure, the event is, by

definition, an explosion.
Evaluation of the hazard of a combustible dust should be determined by the means of actual test data. Each situation

should be evaluated and applicable tests should be performed under conditions that will be a conservative
representation of the operations under normal, abnormal, and upset conditions. The following factors are sometimes
used in determining the deflagration hazard of a dust:
(1) Minimam-explosible-eencentratiorMECY as defined in ASTM E 1515, Standard Test Method for Minimum
Explosible Concentration of Combustible Dusts
(2) Minimum ignition energy (MIE) as defined in ASTM E2019, Standard Test Method for Minimum Ignition Energy of a
Dust Cloud in Air
(3) Particle size distribution
(4) Moisture content as received and as tested
(5) Maximum explosion pressure at optimum concentration
(6) Maximum rate of pressure rise at optimum concentration
(7) K, (normalized rate of pressure rise) as defined in ASTM E 1226
(8) Layer ignition temperature as defined in ASTM E 2021, Standard Test Method for Hot-Surface Ignition Temperature
of Dust Layers
(9) Dust cloud ignition temperature as defined in ASTM E 1491, Standard Test Method for Minimum Autoignition
Temperature of Dust Clouds
(10) Limiting oxidant concentration (LOC) to prevent ignition
(11) Electrical volume resistivity
(12) Charge relaxation time
(13) Chargeability

It is important to keep in mind that as particulate is processed, handled, or transported the particle size generally
decreases due to particle attrition. Consequently. it is often necessary to evaluate the explosibility of the particulate at
multiple points along the process. Where process conditions dictate the use of oxidizing media other than air (nominall
taken as 21 percent oxygen and 79 percent nitrogen). certain of the tests should be conducted in the appropriate
process specific medium.

Statement: The committee updated this section to include relevant content from NFPA 654 (2013 Ed.).
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69 FR26
(A.3.3.19)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: A.3.3.19 Flammable Limits. Elammable limits for gases and vapors are typically defined as volume
percentages. whereas flammable limits for dusts are defined as mass concentrations (mass per unit volume). When
expressed in mass concentration units. the lower flammability limit is referred to as the minimum explosible

concentration (MEC).
See NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids. (Note: Although

NFPA 325 has been officially withdrawn from the National Fire Codes®, the information is still available in NFPA’s Fire
Protection Guide to Hazardous Materials.)
Statement: See FR12.

69 FR19
(A.3.3.25)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise text to read as follows:

A.3.3.25 Limiting Oxidant Concentration (LOC). Materials other than oxygen can act as oxidants. The LOC depends
upon the temperature, pressure, and fuel concentration as well as the type of diluent. Preliminary results of the ASTM E
2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and Vapors, round robin tests for
gases and vapors revealed that the LOC data that were obtained using different test methods and that are listed in a
majority of reference publications are nonconservative. The old Bureau of Mines data were obtained mostly in a 50 mm
diameter flammability tube. This diameter might be too small to mitigate the flame-quenching influence, thereby
impeding accurate determination of the LOC of most fuels. The 4 L minimum volume specified in ASTM E 2079 would
correspond to a diameter of at least 200 mm (7.9 in.). As a result, some LOC values determined using this standard are
approximately 1 percent by volume oxygen lower than the previous values measured in the flammability tube, and a few
are even up to 2 percent by volume lower. The lower LOC values obtained in larger chambers are more appropriate for
use in fire and explosion hazard assessment studies. A data comparison can be found in Table A.3.3.25. Generally,
LOC decreases as the pressure or temperature prior to ignition increases. Best practice is to test the LOC at the
appropriate temperature and pressure. Deviations from the test fuel composition and temperature might possibly be
accounted for by using appropriate techniques. For dusts, an appropriate test apparatus should be used in conjunction
with a strong ignition source, such as described in the draft ef standard ASTM WK 1680 Test Method for Limiting
Oxygen (Oxidant) Concentration of Combustible Dust Clouds. being developed by the ASTM E 27.05 Explosibility and
lgnitability of Dust Clouds Committee, Betermination-oF-Explosion-Characteristiesof-Bust-Stonds, or in CEN EN

14034-4, Determination of Explosion Characteristics of Dust Clouds, Part 4.

***|nclude Table A.3.3.25 with no changes***
Statement: Updated the reference to correctly indicate the name of the ASTM E 27 committee and add the title of the
draft standard for determining LOC.

69 FR14
(A.7.7.2.5)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: A.7.7.2.5 Reserved.

A.7.7.2.7 Reserved.

Statement: Annex material for these sections will be generated at the second draft stage.
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69 FR12
(A.8.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: A.8.1 Chapter 8 applies to both flammable vapors and combustible dusts. References to basic

design considerations and control at a fraction of LFL are also applicable to MEC.
See Annex B for a discussion of the control of flammable gas mixtures. Also, see Annex D for information on calculating

the time required for ventilation.

Statement: The committee clarified that combustible concentration control is equally applicable to combustible dust.
See also FR26.

69 FR16
(A.8.3.1)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Insert new:

A.8.3.1 Reserved.
Statement: Annex material will be generated at a later date.

69 FR45
(A.8.4.1)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Insert new:

A.8.4.1 Reserved.
Statement: Annex material will be generated at a later date.

69 FR23
(A.9.1)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: A.9.1 Predeflagration detection and control systems are typically used where a specific ignition
source has been identified as the most probable means of ignition. The detection method is often limited to detect the
identified ignition source. Possible means of detection include choosing the frequency range of an optical detector or
detecting specific gases indicative of smoldering combustion or the onset of thermal degradation. Such systems are not
designed to detect all possible ignition sources. and therefore might not provide the same level of protection as other

explosion prevention systems.
Statement: See FR22.
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69 FR17
(A.10.5.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise:

A.10.5.3 In addition to local visual and audible trouble signals, the control panel can provide an electrical output means
to produce this function externally. When an external means is utilized, #is it should be implemented full time and
confirmed at system eemmissiening acceptance.

Statement: Commissioning is defined in newly released NFPA 3 Recommended Practice on Commissioning and
Integrated Testing of Fire Protection and Life Safety Systems as ‘A systematic process that provides documented
confirmation that building systems function according to the intended design criteria set forth in the project documents
and satisfy the owner’s operational needs, including compliance with applicable laws, regulations, codes, and
standards.’

Now that NFPA 3 is released, confusion could occur regarding the actual testing required by the use of the term
‘commissioning’.

Commissioning is a much more involved testing that would involve all active and passive interfaces from the fire
protection system,

emergency power, explosion prevention, HVAC, etc.

Many NFPA documents (1 Fire Code, 13 Standard for the Installation of Sprinkler Systems, 70 National Electrical Code,
72 National Fire Alarm and Signaling Code, etc. - See attached list of instances) reference an Acceptance Test for
validation of the specific equipment, which is defined ‘ Tests performed at the completion of the installation to confirm
compliance with applicable manufacturers’ installation specifications, applicable codes and standards, and the project
Basis of Design and Owners Project Requirements.’” Each specific trade or equipment has a level of acceptance testing
performed, while the entire facility can be commissioned to ensure that the systems interact together to meet the design
objectives.

69 FR18
(A.11.7.3)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise text to read as follows:

A.11.7.3 In addition to local visual and audible trouble signals, the control panel can provide an electrical output means
to produce this function externally. When an external means is utilized, it should be implemented full time and confirmed
at system eemmisstonifg acceptance.

Statement: Commissioning is defined in newly released NFPA 3 Recommended Practice on Commissioning and
Integrated Testing of Fire Protection and Life Safety Systems as ‘A systematic process that provides documented
confirmation that building systems function according to the intended design criteria set forth in the project documents
and satisfy the owner’s operational needs, including compliance with applicable laws, regulations, codes, and
standards.’

Now that NFPA 3 is released, confusion could occur regarding the actual testing required by the use of the term
‘commissioning’.

Commissioning is a much more involved testing that would involve all active and passive interfaces from the fire
protection system,

emergency power, explosion prevention, HVAC, etc.

Many NFPA documents (1 Fire Code, 13 Standard for the Installation of Sprinkler Systems, 70 National Electrical Code,
72 National Fire Alarm and Signaling Code, etc. - See attached list of instances) reference an Acceptance Test for
validation of the specific equipment, which is defined ‘ Tests performed at the completion of the installation to confirm
compliance with applicable manufacturers’ installation specifications, applicable codes and standards, and the project
Basis of Design and Owners Project Requirements.’ Each specific trade or equipment has a level of acceptance testing
performed, while the entire facility can be commissioned to ensure that the systems interact together to meet the design
objectives.

Note: Supporting material is available for review at NFPA Headquarters.
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69 FR34
(A.12.2.3)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: A.12.2.3 Reserved.
Statement: See FR32.

69 FR35
(A.12.2.3.4)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new:

A.12.2.4 4 The rotary valve with material blocking should be used with the understanding that its limitations have not
been delineated to the same extent as other valves.

The material blocking method is more appropriate for deflagrations originating on the top side of the rotary valve.
Where there is potential for deflagrations originating on the bottom side of a rotary valve using the material blocking
method., the owner or operator should take into account the potential for material displacement and possible
transmission of the deflagration.

Statement: The committee added annex material to caution the user that material blocking technology is not subject to
approval testing and therefore requires additional engineering judgment.

69 FR28
(Annex G)

Submitter: Technical Committee Explosion Protection Systems

Recommendation: Insert new Annex G and renumber existing.

***Annex G.doc***

Statement: The committee provided methodology to address one scenario of two interconnected vessels. This
technique is used in certain milling operations and is applicable to other similar situations.

69 FR20
(G.1.2.5)

Submitter: Technical Committee Explosion Protection Systems
Recommendation: Revise text to read as follows:

G.1.2.5 ASTM Publications. ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM WK 1680, Test Method for Limiting Oxygen (Oxidant) Concentration of Combustible Dust Clouds, unpublished
draft

ASTM E 1226, Standard Test Method for Explosibility of Dust Clouds, 2010 Presstre-and-Rate-ofPresstre-Rise-for-
ASTM E 1491, Standard Test Method for Minimum Autoignition Temperatures of Dust Clouds, 2006.
ASTM E 1515, Standard Test Method for Minimum Explosible Concentration of Combustible Dusts, 2007 2663.
ASTM E 2019, Standard Test Method for Minimum Ignition Energy of a Dust Cloud in Air, 2003 (2007).
ASTM E 2021, Standard Test Method for Hot-Surface Ignition Temperature of Dust Layers, 2666 2009 .
ASTM E 2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and Vapors, 2007.
Statement: Updated several references. Added corrected reference to ASTM WK 1680, in place of ASTM E 27, to
coordinate with FR19.
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69 10
(1.2.3(5))

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:

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

(1) Design system verification through testing

(2) Third-party inspection and approval of protection systems by an internationally recognized testing laboratory for the
function intended, as specified in Chapters 7 through 14.

(3) Management of change

(4) Regular testing and maintenance

(5) eommisstening Acceptance tests

(6) Design documentation
This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.
Public Input Response:
The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR2.

69 2
(1.3.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

When desiree-by-the-ownreroer-eperator—of required by the authority having jurisdiction, Insurance underwriter or when
required by other standards, explosion prevention shall be achieved by one or more of the following methods as
required to mitigate the damage, prevent the transport of the ignition source, and propagate the deflagration.

Public Input Response:

The intent is to permit owners and operators to install an explosion prevention system, even when not required by the
authority having jurisdiction or another standard. This document applies to voluntarily installed systems, as well as
required systems.

Also, the term "authority having jurisdiction" already includes insurance underwriters, per the definition in Section 3.2.2.

69 3
(1.3.1.4)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

It shall be permitted to eliminate deflagration isolation protection for interconnected enclosures based on a documented
risk analysis prepared by a registered design professional and acceptable to the authority having jurisdiction, unless
isolation protection is specifically required for such enclosure by other standards.

Public Input Response:
"Registered design professional” is not an appropriate designation for persons performing explosion risk analysis. The
authority having jurisdiction has the prerogative to determine whether the preparer's qualifications are acceptable.
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69 4
(1.4)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

The provisions of this standard reflect e-eersensts-efwhat is necessary to provide an acceptable degree of protection
from the hazards addressed in this standard at the time the standard was issued.

Delete language as indicated.
Public Input Response:
The existing text is consistent with the text suggested by the Manual of Style. It emphasizes that the requirements are a
consensus of the represented interests on the committee.

69 5
(1.5.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

Technical documentation shall be prepared by a_registered design professional and submitted to the authority having
jurisdiction to demonstrate equivalency.
Add language as indicated.
Public Input Response:
"Registered design professional” is not an appropriate designation for persons performing explosion prevention system
design. The authority having jurisdiction has the prerogative to determine whether the preparer's qualifications are
acceptable.

69 6
(1.5.2.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Add new text as follows:

The system, method, or device shall be approved for the intended purpose by the authority having jurisdiction. Create
a new 1.5.2.1 which reads:

1.5.2.1 Independent Review. The authority having jurisdiction shall be permitted to require an approved, independent
third party to review the proposed design, system or method and provide an evaluation of the design to the authority
having jurisdiction.
Public Input Response:
The committee does not feel that it is within the committee's scope to specify what actions the authority having
jurisdiction may take in determining whether to accept a submission.

Printed on 7/30/2012 2



Report on Public Input — November 2013 NEPA 69

69 21
(2.3.3)

Submitter: Marcelo M. Hirschler, GBH International
Recommendation: Revise text to read as follows:

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

ASTM D 257, Standard Test Methods for DC Resistance or Conductance of Insulating Materials, 2007 2665.

ASTM D 3574, Standard Test Methods for Flexible Cellular Materials — Slab, Bonded and Molded Urethane Foams,
2008 2663.

ASTM E 2079, Standard Test Method for Limiting Oxygen (Oxidant) Concentration for Gases and Vapors, 2007.
Public Input Response:
See FRS.

69 7
(5.1.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

The performance-based design shall be prepared by a p
furisehetion reqistered design professional and person with guallflcatlons accegtable to the AHJ.
Public Input Response:
"Registered design professional” is not an appropriate designation for persons performing explosion prevention system
design. The authority having jurisdiction has the prerogative to determine whether the preparer's qualifications are
acceptable.

69 8
(5.2.4.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

Prevention and control systems shall be regttarty annually inspected and maintained to confirm the ability to perform
as designed. The owner shall annually certify compliance with the conditions and limitations of the design by submitting
a warrant of fitness acceptable to the authority having jurisdiction. The warrant of fithess shall attest that the building
features, systems, and use have been inspected and confirmed to remain consistent with design specifications outlined
in the documentation required and that such features, systems, and use continue to satisfy the goals and objectives.
Public Input Response:

The proposed text may actually reduce the frequency of inspections of critical equipment. Chapter 15 includes criteria
for initial inspections at more frequent intervals for certain systems.

Section 5.1.3.2 already requires authority having jurisdiction approval prior to any changes to a performance based
design. See FR9 for additions to include management of change for performance based designs.
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69 9
(6.4.1)

Submitter: Jon Nisja, Northcentral Regional Fire Code Development Committee
Recommendation: Revise text to read as follows:

Plans and system specifications prepared by the design professional. and manufacturer’s recommendations for testing
and maintenance shall contain information that enables the authority having jurisdiction to evaluate the explosion hazard
and the effectiveness of the system.

Public Input Response:

"Registered design professional” is not an appropriate designation for persons performing explosion prevention system
design. The authority having jurisdiction has the prerogative to determine whether the preparer's qualifications are
acceptable.

69 11
(9.6.6)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:
9.6.6 At eemmissiontig Acceptance, the system manufacturer and the owner or operator shall document that the
installation is in accordance with the design and that the system is armed and functional.
This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.
Public Input Response:
The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR3.

69 12
(10.4.4.6)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:
10.4.4.6 At eemmissiontng acceptance, the system manufacturer and the owner or operator shall document that the
installation is in accordance with the design and that the system is armed and functional.
This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.
Public Input Response:
The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR4.
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69 13
(11.4.3.5)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:
11.4.3.5 At eemmissionttg acceptance, the system manufacturer and the owner or operator shall document that the
installation is in accordance with the design and the system was armed and functional.
This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.
Public Input Response:
The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR5.

69 1
(13.3.4)

Submitter: D. Gopalkrishna Murti, Kuwait Oil Company
Recommendation: Revise text to read as follows:
Equation 13.1 ***Insert Equation 13.1 (old)*** should read ***Insert Equation 13.1 (new)***
Equation 13.2 ***Insert Equation 13.2 (old)*** should read ***Insert Equation 13.2 (new)***
Public Input Response:
The existing factor of safety of 2/3 provides for uncertainty resulting from the effects of dynamic loading and heating of
the material.

69 14
(15.6)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:
15.6 Installation Checkout and €emmisstorig-Acceptance Test

This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.

Public Input Response:
The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR6.
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69 17
(15.6.1(13))

Submitter: Kimberly A. Gruner, Fike Corporation

Recommendation: Revise text to read as follows:

15.6.1 Prior to use, factory authorized personnel shall check out the explosion prevention system, including the following
steps, as applicable:

(1) Conduct a walkthrough and general visual inspection of correct location, size, type, and mounting of all system
components.

(2) Physically inspect system components, including mechanical and electrical component integrity.

(3) Conduct control unit functional testing.

(4) Make point-to-point wiring checks of all circuits.

(5) Ensure continuity and condition of all field wiring.

(6) Inspect sensing pathway and calibrate initiating devices.

(7) Verify correct installation of system components including sensing devices, fast-acting valves, suppressant storage
containers, nozzles, spreader hoses, protective blowoff caps, plugs, and stoppers.

(8) Verify system sequence of operations by simulated activation to verify system inputs and outputs.

(9) Conduct automatic fast-acting valve stroke test.

(10) Conduct prevalidation testing, verify system interlocks, and shutdown circuits.

(11) Identify and fix discrepancies before arming and handing off to user or operator.

(12) Recalibrate detection sensing devices to final set points.

(13) Complete record of system eemmissionifgispeetior_acceptance tests, including hardware serial numbers,
detector pressure calibrations, and suppressor and valve actuator charging pressures (psig), as appropriate.

(14) Conduct end user training as required in Section 15.10.

(15) Conduct final validation testing for authority having jurisdiction.

(16) Arm the explosion prevention system.

This is not original material; its reference/source is as follows:

NFPA staff collected the attached reference instances.

Public Input Response:

The committee agrees with the intent of the submitter, but feels that explosion protection system acceptance goes
beyond acceptance testing, as defined by NFPA 3, and has created a new term in FR1 to cover the full extent. See FR6.

69 19
(A.3.3.4)

Submitter: Marcelo M. Hirschler, GBH International
Recommendation: A.3.3.4 Combustible dust. (no changes proposed other than the following)

Most commercial test laboratories offer a low cost screening (“go” or “no go”) test to establish whether a dust sample is
combustible or not. These test methods commonly use the test apparatuses described in ASTM E 1226, Standard Test
Method for Explosibility of Dust Clouds Presstre-ant-Rate-of Pressure-Rise-fer-CombustibteBusts, or ASTM E 1491,
Standard Test Method for Minimum Autoignition Temperatures of Dust Clouds. These tests can often be performed at
the process conditions.

Public Input Response:
See FR10.
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69 18
(A.3.3.25)

Submitter: Marcelo M. Hirschler, GBH International
Recommendation: Revise text to read as follows:

A.3.3.25 Limiting Oxidant Concentration (LOC). Materials other than oxygen can act as oxidants. The LOC depends
upon the temperature, pressure, and fuel concentration as well as the type of diluent. Preliminary results of the ASTM E
2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and Vapors, round robin tests for
gases and vapors revealed that the LOC data that were obtained using different test methods and that are listed in a
majority of reference publications are nonconservative. The old Bureau of Mines data were obtained mostly in a 50 mm
diameter flammability tube. This diameter might be too small to mitigate the flame-quenching influence, thereby
impeding accurate determination of the LOC of most fuels. The 4 L minimum volume specified in ASTM E 2079 would
correspond to a diameter of at least 200 mm (7.9 in.). As a result, some LOC values determined using this standard are
approximately 1 percent by volume oxygen lower than the previous values measured in the flammability tube, and a few
are even up to 2 percent by volume lower. The lower LOC values obtained in larger chambers are more appropriate for
use in fire and explosion hazard assessment studies. A data comparison can be found in Table A.3.3.25. Generally,
LOC decreases as the pressure or temperature prior to ignition increases. Best practice is to test the LOC at the
appropriate temperature and pressure. Deviations from the test fuel composition and temperature might possibly be
accounted for by using appropriate techniques. For dusts, an appropriate test apparatus should be used in conjunction

with a strong |gn|t|0n source, such as descrlbed in ASTM E1226, Standard Test Method for Explosibility of Dust Clouds,
, or in CEN EN 14034-4,

Determination of Explosion Characteristics of Dust Clouds, Part 4.
Public Input Response:
See FR19.

69 15
(A.10.5.3)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:

A.10.5.3 In addition to local visual and audible trouble signal, the control panel can provide an electrical output
meansto produce this function externally. When external means is utilized, this should be implemented full time and
confirmed at system eemmissientng acceptance.

This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.

Public Input Response:

See FR17.

69 16
(A.11.7.3)

Submitter: Kimberly A. Gruner, Fike Corporation
Recommendation: Revise text to read as follows:

A.11.7.3 In addition to local visual and audible trouble signal, the control panel can provide an electrical output means
to produce this function externally. When external means is utilized, it should be implemented full time and confirmed at
system eemmissionifng acceptance.

This is not original material; its reference/source is as follows:
NFPA staff collected the attached reference instances.

Public Input Response:

See FR18.
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69 20
(G.1.2.5)

Submitter: Marcelo M. Hirschler, GBH International
Recommendation: Revise text to read as follows:
G.1.2.5 ASTM Publications. ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA

ASTM E 1491, Standard Test Method for Minimum Autoignition Temperatures of Dust Clouds, 2006.
ASTM E 1515, Standard Test Method for Minimum Explosible Concentration of Combustible Dusts, 2007 2663.
ASTM E 2019, Standard Test Method for Minimum Ignition Energy of a Dust Cloud in Air, 2003 (2007).
ASTM E 2021, Standard Test Method for Hot-Surface Ignition Temperature of Dust Layers, 2666 2009 .
ASTM E 2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and Vapors, 2007.
Public Input Response:
See FR20.
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NFPA 69

First Draft Ballot Results

FR1 Eligible To Vote: 28
Affirmative: 25 Negative: O
Affirmative with Comment:

(Going) Will propose removal of

the work "ultimate" at Public
Comment

Affirmative with Comment: (Febo)
Deleted "and ultimate arming of

the system". Arming would not be
needed for all devices in this
standard.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: O

FR2 Eligible To Vote: 28

Affirmative: 25 Negative: 0
Affirmative with Comment:

(Going) We believe that (2)

should read "equipment and

system design methodologies"

and will recommend in the Public

Comments

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: O

FR3 Eligible To Vote: 28
Affirmative: 25 Negative: 0
Affirmative with Comment:

(Floyd) Reasons are the same as
FR7 above.

Not Returned: 3
Not Returned:  Dillon, Gillis, Grossel

Abstain: O

FR4 Eligible To Vote: 28
Affirmative: 24 Negative: 1

Negative: (Floyd): See reasons under FR7

Not Returned: 3
Not Returned: Dillon, Gillis, Grossel

Abstain: O

1 NFPA 69 Ballot Results for First Draft



FR5 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Negative :(Floyd) See FR7

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR6 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0

Affirmative with Comment: Negative (Floyd): See FR7

(Guaricci) (6) add "if required" or
change to "Inspect sensor
pathway and check calibration
settings of Sensor." Some sensor
devices do not require field re-
calibration only checking

(7) add at end "and certification
approvals" To prevent then use
of non system approved devices.
(12) "Recalibrate or Check
Sensing devices Calibration as
required by manufacturer.”

Some sensor devices do not
require field re-calibration only
checking

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

2 NFPA 69 Ballot Results for First Draft



FR7 Eligible To Vote: 28
Affirmative: 22

Affirmative with Comment:
(Going) Will propose in 6.5 to
delete "system", replace with
"equipment" and delete "of the
system"

Affirmative with Comment:
(Guaricci) The change of "basis

Negative: 3

Negative: (Febo) Changing 'acceptance’ to
'validation' could have broad implications.
They are not the same. It also appears to
conflict with new definition 3.3.37 FR1.
Negative: (Floyd) Conformity between
standards -- even with organizations
outside of NFPA -- should be maintained

of design" to "basis of design and unless there is a persuasive reason
verification of product testing" as otherwise. In both ISA 84 and IEC 61511,

it needs to be verified that ALL
equipment provided is tested as
a system by an internationally
recognized laboratory.

Not Returned: 3

which govern safety instrumented systems,
"acceptance test" and commissioning are
well-defined steps in the SIS lifecycle.
Given the similarity in function to
suppression / isolation systems covered by
NFPA 69, and the continued trend (author's
belief) that NFPA 69 systems are destined
to fall under international reliability
requirements (SIF SIL), | find this change in
NFPA 69 in order to conform with other
NFPA documents as not persuasive.
Negative: (Stevenson) Too ambiguous. As
worded this could imply that every unique
application of protection equipment must be
tested as a system to confirm operation.

Not Returned: Dillon, Gillis, Grossel

Abstain: O

FR9 Eligible To Vote: 28
Affirmative: 25

Affirmative with Comment: (Febo)

The existing text is incomplete.
Modify 5.1.3.2 after the text
"review of the design basis" add
"of each prevention and control
system covered by this
standard".

Not Returned: 3

Negative: O

Not Returned: Dillon, Gillis, Grossel

Abstain: O
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FR10 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Affirmative with Comment: Negative: (Stevenson) At this time the

(Rodgers) The text in the 3rd Fundamentals document is being formed

paragraph has the word "ration". using the 420 micron criteria. If we change

It should be "ratio". to 500 microns, 69 will be out of step.

Not Returned: 3
Not Returned:  Dillon, Gillis, Grossel

FR11 Eligible To Vote: 28

Affirmative: 25 Negative: O Abstain: 0
Affirmative with Comment: (Ural)

Balloted definition is slightly

different from the 654-13 version.

| recommend we use the extract.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR13 Eligible To Vote: 28

Affirmative: 24 Negative: 0 Abstain: 1
Affirmative with Comment: Abstain: (Going) Not
(Stevenson) Sentence structure. technically qualified

7.7.2.7 starts "Where the...", then
after the colon uses "Where

the..." redundantly for sub-

sections (1) and (2). | suggest
removing the word "there" in both

(1) and (2).

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR14 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: O
Negative: (Febo) It seems pointless to add
an Annex item saying effectively 'we might
provide something sometime'.

Not Returned: 3

Not Returned:  Dillon, Gillis, Grossel
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FR15 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Affirmative with Comment: (Febo) Negative: (Zalosh) Although | support the
Comments of Rooker & Floyd change to 8.3.1, | find the change in 8.4.1
suggest further discussion is to be a reduction in safety from the current
needed. wording. | don't see how monitoring a
Affirmative with Comment: change in "the process flows" provides the
(Rooker) Add to 8.4.1 "...in order same level of safety as monitoring either
to meet the requirements of the air ventilation, the concentration itself,
8.3.1." This is such an important or some indication of a flammable gas or
safety aspect, the loop back to  vapor leak (e.g. ultrasonic leak detector),
8.3.1 must be clear. Without this, any one or combination of which would be
the implication is that the 25%  in accord with the existing wording.

limit is neither monitored or

controlled. Present language

defines monitoring & control of

process flows but does not state

the reason.

Affirmative with Comment:

(Floyd) Unlike NFPA 86 and

NFPA 87, NFPA 69 does not

have a definition for safety

interlock, such as "Safety

Interlock. A device required to

ensure safe start-up and safe

operation and to cause safe

equipment shutdown." Should

we consider this?

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR16 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0

Not Returned: 3
Not Returned:

Negative: (Febo) See FR14

Dillon, Gillis, Grossel
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FR17 Eligible To Vote: 28
Affirmative: 24 Negative: 1 Abstain: 0
Negative: (Floyd) See FR7

Not Returned: 3
Not Returned:  Dillon, Gillis, Grossel

FR18 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Negative (Floyd): See FR7

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR20 Eligible To Vote: 28
Affirmative: 25 Negative: 0 Abstain: 0

Not Returned: 3
Not Returned: Dillon, Gillis, Grossel
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FR21 Eligible To Vote: 28
Affirmative: 21

Not Returned: 3

Negative: 4

Negative: (Kirby) 9.3.3.3 is confusing. The
wording should be changed to clearly
define what we mean.

Negative: (Febo) The new text appears to
be very generic & its intent is not clear.
Negative: (Senecal) The new text that is
proposed does not seem to make sense.
The offered text is: "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." The
section topic is "Gas sensing equipment.”
The proposed text is confusing; it sounds
like the system is to sample the "flow rate"
(not possible) and "residence time" (not
possible). The last part of the sentence
"...to ensure a relative sample of all air
inputs and outputs." does not make sense;
one cannot assure "a relative sample." The
intent appears to be that means shall be
taken to assure that gas sampling at two
locations occurs under similar sampling
conditions.

Negative: (Rooker) This information is
specific to specific systems that are
marketed. This language should be moved
to the Appendix or simplified to be
applicable to any system. Alternative
language proposed: "A system shall be
designed to operate over the full application
range of air inputs and outputs."

Not Returned: Dillon, Gillis, Grossel

Abstain: O
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FR22 Eligible To Vote: 28
Affirmative: 25 Negative: O
Affirmative with Comment:
(Guaricci) 9.1.1 Should be
removed as it does not provide a
requirement. Many people use
these systems without other
protection which is required
elsewhere in this standard. As
indicated with venting some
protection is better than none.

9.1 application indicates all that is
needed to indicate this only
reduces the possibility. 9.1.1 if
required should read "Systems
for pre-deflagration do not
provide explosion protection of
an event after it occurs". A9.1
covers the intent of the system
limitations.

Affirmative with Comment:
(Rooker) Remove the word
‘certain’ since there is no
definition of 'certain specific'. The
word 'certain' has more than one
meaning which introduces
ambiguity.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: O

FR25 Eligible To Vote: 28

Affirmative: 23 Negative: 2

Affirmative with Comment: Negative: (Febo) This new text seems to

(Stevenson): Paragraph state the obvious and adds nothing to the

numbering. This should be 7.1.4 document.

as there is already a 7.1.3. Negative: (Ural) It is not clear what the new
paragraph is trying to say.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: 0
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FR27 Eligible To Vote: 28

Affirmative: 25 Negative: O
Affirmative with Comment:

(Guaricci) (3) Is in error it should

say interconnected vessels and

duct work. (4) Does not apply in

all cases.
Not Returned: 3

Not Returned:  Dillon, Gillis, Grossel

Abstain: O

FR28 Eligible To Vote: 28
Affirmative: 24

Affirmative with Comment:
(Going) The annex makes
reference to a publication by

Holbrow. Need to add reference

Not Returned: 3

Negative: O

Not Returned: Dillon, Gillis, Grossel

Abstain: 1

Abstain: (Febo) | don't
have enough information
to evaluate the basis for
this proposal.

FR29 Eligible To Vote: 28
Affirmative: 23

Not Returned: 3

Negative: 2

Negative: (Feldkamp) | would like to
change my vote to negative for FR29
based on the situation described by Bill
Stevenson in his negative vote, | feel the
committee needs to look at this wording
again and possibly add more detail.
Negative: (Stevenson) As worded this
paragraph could allow the use of a quench
tube mounted on the end of a duct without
a rupture disc. This is dangerous and
should be specifically disallowed.

Not Returned:  Dillon, Gillis, Grossel

Abstain: O
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FR30 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Affirmative with Comment: Negative: (Senecal) The proposed text is:
(Zalosh) I find Joe Senecal's "12.2.5.6.7 Use of these devices shall not

proposed wording in his negative apply outside the tested application limits."
submittal to be much better than The phrase "shall not apply" is not

the wording in the original ballot. appropriate to the intent. The following is
Therefore | suggest the following suggested: "12.2.5.6.7 These devices shall
editorial revision. "12.2.5.6.7 not be used outside the tested application
These devices shall not be used limits."

outside the tested application

limits."

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR31 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Affirmative with Comment: (Febo) Negative: (Stevenson) Quench tubes
The references to FM and USCG should be specifically excluded.
criteria are needed in Annex G

(existing)

Affirmative with Comment:

(Going) Lacks consistency with

other Verification paragraphs

(titled System Design

Certification")

Affirmative with Comment:

(Rooker) Change the word

‘approval' in 12.2.4.5.1 to

‘certification’ for consistency.

Third parties certify compliance

to the Standards referenced.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel
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FR32 Eligible To Vote: 28

Affirmative: 23 Negative: 2
Affirmative with Comment: Negative: (Febo) This is a new device
(Guaricci) Need Section 12.2.1  (passive flap valve) with no design function
The use and application of these criteria. Is FR 33 (12.2.3) supposed to fill
valves have different design this gap?

parameters and limitations. The Negative: (Stevenson) Flap valves should
valve system design approval not be recognized in this standard until and
documents should be checked to if a new protocol has been adopted in the
verify that the valve is applicable EU. We have no current, valid, third party
for a given protection scenario.  testing available at this time upon which to
Factors such as product loading, base their suitability for any given

Pred of vessel protection, air flow application without it.

restraints, strength of valve, wear

and tear factors can make one or

more of the valves unacceptable

for a given application. See

appropriate valve section for use

requirements.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: O
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FR33 Eligible To Vote: 28

Affirmative: 21 Negative: 4 Abstain: 0
Negative: (Febo) See FR32. Also missing
criteria in proposed 12.2.3.2, 3 and 4 are
critical to consideration of the suitability of
ths application.
Negative: (Going) While we agree in
principal, the recently created task group
on flap valves should be allowed to do their
work and bring proposed text before the
committee.”
Negative: (Guaricci) This statement
applies equally well for this type valve
which for most situations has major
restrictions on dust flow. 12.2.3.5 A
report documenting the test conditions and
application limits shall be verified by an
independent third party.

Upon request, the system manufacturer
shall provide to the owner or operator
documentation supporting that the design
is in compliance with the manufacturer’s

independent third-party approval, including
application limitations, and is suitable for
the hazard to be protected.
Negative: (Stevenson) Flap valve should be
removed. What does "reserved" mean?
We are being asked to sign a blank check.
Not Returned: 3
Not Returned: _ Dillon, Gillis, Grossel

FR34 Eligible To Vote: 28
Affirmative: 24 Negative: 1 Abstain: 0
Negative: (Febo) See FR14

Not Returned: 3
Not Returned: Dillon, Gillis, Grossel
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FR38 Eligible To Vote: 28
Affirmative: 25 Negative: O
Affirmative with Comment:

(Guaricci) Who provides training

and at who's cost. The user or

the supplier. As the

requirements are complex the

safety supplier cannot perform all
tasks. Does this give the supplier

the license to charge for training
every year or is this to be free for

the life of the system. Can the

user provide his own training.

Who certifies the trainer.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

Abstain: O

FR39 Eligible To Vote: 28
Affirmative: 24 Negative: 1

Affirmative with Comment:
(Going) Will definitions be
needed for items 4-8?

Not Returned: 3

Negative: (Mayer) # (8) should read
"passive explosion venting" passive
suppression does not exist, suppression
does implicite actively something is done to
suppress

Not Returned:  Dillon, Gillis, Grossel

Abstain: O
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FR40 Eligible To Vote: 28
Affirmative: 24

Affirmative with Comment:
(Going) We believe that the
phrase "to connected vessels" in
(2) should be deleted. We don't
want to allow propagation into
occupied areas, etc and will
make a Public Comment.

Not Returned: 3

Negative: 1

Negative: (Guaricci) Paragraph should read
as follows: 1.3.1 When required by this
standard explosion prevention and/or
protection shall be achieved by one or
more of the following methods as required
to prevent, mitigate the damage, prevent
the transport of an ignition source, prevent
the deflagration and prevent the
propagation of the deflagration to other
areas. (Note this standard covers what is
required by it not choice by anyone else
and the prevention of explosion
propagation was not indicated and at least
with venting and containment especially it
is required)

Not Returned: Dillon, Gillis, Grossel

Abstain: O
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FR41 Eligible To Vote: 28
Affirmative: 20

Affirmative with Comment: (Ural)
Adding a list of internationally
recognized labs to the annex will
be extremely helpful. At least, we
should say what the criteria are.

Negative: 5

Negative: (Febo) Change from "acceptable
to AHJ" to IRTL is pretty significant. Are
there such acceptable organizations? FM
Approvals currently has no process for
qualification that system scale up from
'small' test volumes to 'large’ industrial
applications actually is correct as most of
the data is proprietary. Clearly they work, at
least we are told they do, but that is not
sufficient for 'certifying' they'll work the
overwhelming maijority of the time.
Negative: (Feldkamp) | would like to
change my vote to negative for FR41, 42
and 43, based on John Goings comments it
seems the section has been worded for an
unobtainable goal.

Negative: (Kirby) | agree with John Going's
comment. | suggest that we change
wording to something like: "Details of
design and supporting test work shall be
made available for independent 3rd party
certification if required by the
owner/operator or the AHJ. The
owner/operator or AHJ shall be responsible
for obtaining any 3rd party certification.
Negative: (Going) The committee proposed
language adds burden by prescribing
unattainable requirements that the owner is
required to fulfill. The language including
the word certified implies the presentation
of a certificate or document specific to the
application. The statement also presumes
the universal availability of an
internationally recognized testing
laboratory, which is an incorrect
assumption. It also continues to state that
“additional certification standards have
become available” which is certainly not
universally the case. Factory Mutual has in

Abstain: O
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the past been the only domestic certifying
entity for explosion protection systems
including an application limit of a various
process considerations such as Kst, Pmax,
temperatures, enclosure volume and
shape, each part component by part
number and revision status, etc. Factory
Mutual has not been accepting explosion
protection systems for acceptance testing
since the early 2000's and has not
identified if they will again consider testing
of such systems. ATEX approvals are
intended to cater to European
Standardization and are appropriate for
installations with corresponding Code or
Standards requirements. Unfortunately
ATEX approvals, are not globally
recognized and do not extend to represent
all other global codes and standards such
as domestic installations including practice
such as ASME, DOT, ASTM, etc. As a
consequence, ATEX approvals for systems
do not necessarily include all domestic US
and or Canadian requirements for the
mechanical or electrical parts making up
these systems. (i.e., a pressure vessel
component used in a protection system
would have to meet the country of
installation requirements. The ATEX
approvals are based on European pressure
vessel standards, and would not accept
system component parts using US
pressure vessel requirements, therefore the
ATEX systems certification would not be
possible for a system installed in the US
meeting the US standards of practice such
as ASME, DOT, etc.) The resultis there is

presently no 3rd party internationally
recognized testing laboratory that can issue
an Approval or Acceptance Certificate
meeting the requirements of equipment,

16
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Not Returned: 3

system limits and application limits as the
revised language requires. Nor are there
standards against which to conduct testing.
The language has been revised in such a
manner as to make achievement of
compliance impossible.

Negative: (Floyd) Requiring "appropriate
testing" and certification by a NRTL is
premature until there are standard
equipment testing protocols. The analogy
are internationally recognized testing
protocols for testing combustible dust
explosivity (ASTM or EN), for example, "SIL
Certification Requirements for Explosion
Isolation Devices (EN 15089 draft)", or ISO
16852, Flame Arresters — Performance
Requirements, Test Methods and Limits for
Use, which is referenced in FR31 below.
Without these standard protocols, it is left
to the NRTLs to determine what is
sufficiently reliable. NRTLs should be
bound by the same consensus protocols for
device testing as they are for materials
testing.

Not Returned:  Dillon, Gillis, Grossel
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FR42 Eligible To Vote: 28
Affirmative: 20

Affirmative with Comment:
(Guaricci) Required Additions
11.4.1.3 (8) Pressure after the
barrier.

11.4.1.4 (7) Pred of protected
vessel

11.4.1.5 (7) Pred of protected
vessel

11.4.1.5 (8) Air and Product Flow
Limitations of Valve

11.4.1.6 (7) Pred of protected
vessel

11.4.1.6 (8) Abrasion Limitations

of Valve Bladder

Negative: 5

Negative: (Febo) IRTL again. Are there
such organizations? FM Approvals has no
process for these type devices.

Negative: (Feldkamp) | would like to
change my vote to negative for FR41, 42
and 43, based on John Goings comments it
seems the section has been worded for an
unobtainable goal.

Negative: (Kirby) | suggest that we change
wording to something like: "Details of
design and supporting test work shall be
made available for independent 3rd party
certification if required by the
owner/operator or the AHJ. The
owner/operator or AHJ shall be responsible
for obtaining any 3rd party certification.
Negative: (Going) The committee proposed
language adds burden by prescribing
unattainable requirements that the owner is
required to fulfill. The language including
the word certified implies the presentation
of a certificate or document specific to the
application. The statement also presumes
the universal availability of an
internationally recognized testing
laboratory, which is an incorrect
assumption. It also continues to state that
“additional certification standards have
become available” which is certainly not
universally the case. Factory Mutual has in
the past been the only domestic certifying
entity for explosion protection systems
including an application limit of a various
process considerations such as Kst, Pmax,
temperatures, enclosure volume and
shape, each part component by part
number and revision status, etc. Factory
Mutual has not been accepting explosion
protection systems for acceptance testing

Abstain: O

18 NFPA 69 Ballot Results for First Draft



since the early 2000's and has not
identified if they will again consider testing
of such systems. ATEX approvals are
intended to cater to European
Standardization and are appropriate for
installations with corresponding Code or
Standards requirements. Unfortunately
ATEX approvals, are not globally
recognized and do not extend to represent
all other global codes and standards such
as domestic installations including practice
such as ASME, DOT, ASTM, etc. As a
consequence, ATEX approvals for systems
do not necessarily include all domestic US
and or Canadian requirements for the
mechanical or electrical parts making up
these systems. (i.e., a pressure vessel
component used in a protection system
would have to meet the country of
installation requirements. The ATEX
approvals are based on European pressure
vessel standards, and would not accept
system component parts using US
pressure vessel requirements, therefore the
ATEX systems certification would not be
possible for a system installed in the US
meeting the US standards of practice such
as ASME, DOT, etc.) The result is there is

presently no 3rd party internationally
recognized testing laboratory that can issue
an Approval or Acceptance Certificate
meeting the requirements of equipment,
system limits and application limits as the
revised language requires. Nor are there
standards against which to conduct testing.
The language has been revised in such a
manner as to make achievement of
compliance impossible. Will propose
change to 11.4.1.3(5), "Minimum and
maximum distance from protected
area";11.4.1.3(6), ""Protected distance

19
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beyond barrier location"
Negative: (Floyd) See FR 41 above. In
addition, | believe NRTL certification
requirements will add cost and delay
protection system improvements
unnecessarily.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel
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FR43 Eligible To Vote: 28
Affirmative: 21

Affirmative with Comment:
(Rooker) In 12.2.2.3.2 change
the word 'approval' to
‘certification’ for consistency.

Negative: 4

Negative: (Feldkamp) | would like to
change my vote to negative for FR41, 42
and 43, based on John Goings comments it
seems the section has been worded for an
unobtainable goal.

Negative: (Kirby) | suggest that we change
wording to something like: "Details of
design and supporting test work shall be
made available for independent 3rd party
certification if required by the
owner/operator or the AHJ. The
owner/operator or AHJ shall be responsible
for obtaining any 3rd party certification.
Negative: (Going) The committee proposed
language adds burden by prescribing
unattainable requirements that the owner is
required to fulfill. The language including
the word certified implies the presentation
of a certificate or document specific to the
application. The statement also presumes
the universal availability of an
internationally recognized testing
laboratory, which is an incorrect
assumption. It also continues to state that
“additional certification standards have
become available” which is certainly not
universally the case. Factory Mutual has in
the past been the only domestic certifying
entity for explosion protection systems
including an application limit of a various
process considerations such as Kst, Pmax,
temperatures, enclosure volume and
shape, each part component by part
number and revision status, etc. Factory
Mutual has not been accepting explosion
protection systems for acceptance testing
since the early 2000's and has not
identified if they will again consider testing
of such systems. ATEX approvals are

Abstain: 0
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Not Returned: 3

intended to cater to European
Standardization and are appropriate for
installations with corresponding Code or
Standards requirements. Unfortunately
ATEX approvals, are not globally
recognized and do not extend to represent
all other global codes and standards such
as domestic installations including practice
such as ASME, DOT, ASTM, etc. As a
consequence, ATEX approvals for systems
do not necessarily include all domestic US
and or Canadian requirements for the
mechanical or electrical parts making up
these systems. (i.e., a pressure vessel
component used in a protection system
would have to meet the country of
installation requirements. The ATEX
approvals are based on European pressure
vessel standards, and would not accept
system component parts using US
pressure vessel requirements, therefore the
ATEX systems certification would not be
possible for a system installed in the US
meeting the US standards of practice such
as ASME, DOT, etc.) The resultis there is

presently no 3rd party internationally
recognized testing laboratory that can issue
an Approval or Acceptance Certificate
meeting the requirements of equipment,
system limits and application limits as the
revised language requires. Nor are there
standards against which to conduct testing.
The language has been revised in such a
manner as to make achievement of
compliance impossible.

Negative: (Floyd): See FR 41

Not Returned: Dillon, Gillis, Grossel
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FR44 Eligible To Vote: 28

Affirmative: 22 Negative: 3 Abstain: 0
Negative: (Febo) we should be consistent
with the 654-13 text. Extract it.
Negative: (Senecal) NFPA 654 - 1.5.7
contains a definition of "Combustible
Particulate Solid" which | believe we should
use. It is notable that the supporting
material in Annex A.3.3.5 is similar to
NFPA 654 Annex 1.5.7. It is not clear whys
the NFPA 69 definition should be different
than in 654.
Negative: (Ural) | like 654 definition better.
Balloted version reads as if it is written by
Microsoft.

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel

FR45 Eligible To Vote: 28

Affirmative: 24 Negative: 1 Abstain: 0
Negative: (Febo) See FR14

Not Returned: 3

Not Returned: _ Dillon, Gillis, Grossel
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Committee.
1. M

2. U

3. IM

4, L

5. RT

6. E

7. 1

8. C

SE

COMMITTEE MEMBER CLASSIFICATIONS' 234

The following classifications apply to Committee members and represent their principal interest in the activity of the

Manufacturer: A representative of a maker or marketer of a product, assembly, or system, or portion thereof,
that is affected by the standard.

User: A representative of an entity that is subject to the provisions of the standard or that voluntarily uses the
standard.

Installer/Maintainer: A representative of an entity that is in the business of installing or maintaining a product,
assembly, or system affected by the standard.

Labor: A labor representative or employee concerned with safety in the workplace.

Applied Research/Testing Laboratory: A representative of an independent testing laboratory or independent
applied research organization that promulgates and/or enforces standards.

Enforcing Authority: A representative of an agency or an organization that promulgates and/or enforces
standards.

Insurance: A representative of an insurance company, broker, agent, bureau, or inspection agency.

Consumer: A person who is or represents the ultimate purchaser of a product, system, or service affected by the
standard, but who is not included in (2).

Special Expert: A person not representing (1) through (8) and who has special expertise in the scope of the
standard or portion thereof.

NOTE 1: “Standard” connotes code, standard, recommended practice, or guide.

NOTE 2: A representative includes an employee.

NOTE 3: While these classifications will be used by the Standards Council to achieve a balance for Technical Committees,
the Standards Council may determine that new classifications of member or unique interests need representation in order to
foster the best possible Committee deliberations on any project. In this connection, the Standards Council may make such
appointments as it deems appropriate in the public interest, such as the classification of “Utilities” in the National Electrical
Code Committee.

NOTE 4: Representatives of subsidiaries of any group are generally considered to have the same classification as the parent
organization.
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navigation panel that includes useful links, a document Table of Contents, and icons at the top
you can click for Help when using the site. The Help icons and navigation panel will be visible
except when you are actually in the process of creating a Public Input.

Once the First Draft Report becomes available there is a Public comment period during which
anyone may submit a Public Comment on the First Draft. Any objections or further related
changes to the content of the First Draft must be submitted at the Comment stage.

To submit a Public Comment you may access the e-Submission System utilizing the same steps
as previous explained for the submission of Public Input.


http://www.nfpa.org/document
http://www.nfpa.org/921

For further information on submitting public input and public comments, go to:
http://www.nfpa.org/publicinput

Other Resources available on the Doc Info Pages

Document information tab: Research current and previous edition information on a Standard

Next edition tab: Follow the committee’s progress in the processing of a Standard in its next
revision cycle.

Technical committee tab: View current committee member rosters or apply to a committee

Technical questions tab: For members and Public Sector Officials/AHJs to submit questions
about codes and standards to NFPA staff. Our Technical Questions Service provides a
convenient way to receive timely and consistent technical assistance when you need to know
more about NFPA codes and standards relevant to your work. Responses are provided by NFPA
staff on an informal basis.

Products/training tab: List of NFPA’s publications and training available for purchase.

Community tab: Information and discussions about a Standard


http://www.nfpa.org/publicinput

Sequence of Events for the Standards Development Process

As soon as the current edition is published, a Standard is open for Public Input

Step 1

Input Stage
e Input accepted from the public or other committees for consideration to develop the First Draft.
e Committee holds First Draft Meeting to revise Standard (23 weeks)
Committee(s) with Correlating Committee (10 weeks)
e Committee ballots on First Draft (12 weeks)
Committee(s) with Correlating Committee (11 weeks)
e Correlating Committee First Draft Meeting (9 weeks)
e Correlating Committee ballots on First Draft (5 weeks)

e  First Draft Report posted

Step 2 Comment Stage

Step 3

o Public Comments accepted on First Draft (10 weeks)

If Standard does not receive Public Comments and the Committee does not wish to further revise the
Standard, the Standard becomes a Consent Standard and is sent directly to the Standards Council for
issuance.

e Committee holds Second Draft Meeting (21 weeks)
Committee(s) with Correlating Committee (7 weeks)

e Committee ballots on Second Draft (11 weeks)
Committee(s) with Correlating Committee (10 weeks)

e Correlating Committee First Draft Meeting (9 weeks)
e Correlating Committee ballots on First Draft (8 weeks)

e Second Draft Report posted

Association Technical Meeting

Notice of Intent to Make a Motion (NITMAM) accepted (5 weeks)

NITMAMs are reviewed and valid motions are certified for presentation at the Association Technical
Meeting.

Consent Standard bypasses Association Technical Meeting and proceeds directly to the Standards Council
for issuance.

NFPA membership meets each June at the Association Technical Meeting and acts on Standards with
“Certified Amending Motions” (certified NITMAMSs).

Committee(s) and Panel(s) vote on any successful amendments to the Technical Committee Reports made
by the NFPA membership at the Association Technical Meeting.

Council Appeals and Issuance of Standard

Notification of intent to file an appeal to the Standards Council on Association action must be filed within 20
days of the Association Technical Meeting.

Standards Council decides, based on all evidence, whether or not to issue the Standards or to take other
action.



The Association Technical Meeting

The process of public input and review does not end with the publication of the First Draft Report and Second Draft
Report. Following the completion of the Public Input and Comment periods, there is yet a further opportunity for
debate and discussion through the Association Technical Meeting that takes place at the NFPA Annual Meeting.

The Association Technical Meeting provides an opportunity for the final Technical Committee Report (i.e., the Fire
Draft Report and Second Draft Report) on each proposed new or revised code or standard to be presented to the
NFPA membership for the debate and consideration of motions to amend the Report. The specific rules for the types
of motions that can be made and who can make them are set forth in NFPA'’s rules, which should always be
consulted by those wishing to bring an issue before the membership at an Association Technical Meeting. The
following presents some of the main features of how a Report is handled.

The Filing of a Notice of Intent to Make a Motion. Before making an allowable motion at an Association Technical
Meeting, the intended maker of the motion must file, in advance of the session, and within the published deadline, a
Notice of Intent to Make a Motion. A Motions Committee appointed by the Standards Council then reviews all notices
and certifies all amending motions that are proper. The Motions Committee can also, in consultation with the makers
of the motions, clarify the intent of the motions and, in certain circumstances, combine motions that are dependent on
each other together so that they can be made in one single motion. A Motions Committee report is then made
available in advance of the meeting listing all certified motions. Only these Certified Amending Motions, together with
certain allowable Follow-Up Motions (that is, motions that have become necessary as a result of previous successful
amending motions) will be allowed at the Association Technical Meeting.

Consent Documents. Some Standards receive no controversial proposed changes, and therefore, no NITMAMs are
filed. In some cases, NITMAMs are submitted on Standards up for revision, but one of the NITMAMs are certified as
proper by the Motions Committee. In both these cases where no NITMAMs are submitted or no NITMAMs are
certified as proper for a specific Standard, the Standard is not placed on the agenda for the Association Technical
Meeting, but is instead sent directly to the Standards Council for issuance. Such Standards are referred to as
Consent Standards.

What Amending Motions Are Allowed. The motions allowed by NFPA rules provide the opportunity to propose
amendments to the text of a proposed Standard based on published Second Revisions, Public Comments, and
Committee Comments. Allowable motions include motions to accept Public and Committee comments in whole or in
part, to reject a Second Revision (change accepted by the Committee) in whole or part and can include the related
portions of First Revisions. In addition, under certain specified instances, motions can be made to return an entire
NFPA Standard to the Committee. This means the Standard will not be issued at this time and will be returned to the
Committee to continue to its work.

The NFPA Annual Meeting, also known as the NFPA Conference & Expo, takes place in June of each year. A second
Fall membership meeting was discontinued in 2004, so the NFPA Technical Committee Report Session now runs
once each year at the Annual Meeting in June.

Who Can Make Amending Motions. Those authorized to make motions are also regulated by NFPA rules. In the
case of a motion to Accept a Public Comment or an Identifiable part of a Public Comment, the maker of the motion is
limited by NFPA rules to the original submitter of the comment or his or her duly authorized representative. In all
other cases, anyone can make these motions. For a complete explanation, NFPA rules should be consulted.



Action on Motions at the Association Technical Meeting. In order to actually make a Certified Amending Motion at
the Association Technical Meeting, the maker of the motion must sign in at least an hour before the session begins. In
this way a final list of motions can be set in advance of the session. At the session, each proposed document up for
consideration is presented by a motion to adopt the Technical Committee Report on the document. Following each such
motion, the presiding officer in charge of the session opens the floor to motions on the document from the final list of
Certified Amending Motions followed by any permissible Follow-Up Motions. Debate and voting on each motion
proceeds in accordance with NFPA rules. NFPA membership is not required in order to make or speak to a motion, but
voting is limited to NFPA members who have joined at least 180 days prior to the Association Technical Meeting and
have registered for the meeting. At the close of debate on each motion, voting takes place, and the motion requires a
majority vote to carry. In order to amend a Technical Committee Report, successful amending motions must be
confirmed by the responsible Technical Committee, which conducts a written ballot on all successful amending motions
following the meeting and prior to the document being forwarded to the Standards Council for issuance.

Standards Council Issuance

One of the primary responsibilities of the NFPA Standards Council, as the overseer of the NFPA codes and standards
development process, is to act as the official issuer of all NFPA codes and standards. When it convenes to issue NFPA
documents, it also hears any appeals related to the document. Appeals are an important part of assuring that all NFPA
rules have been followed and that due process and fairness have been upheld throughout the codes and standards
development process. The Council considers appeals both in writing and through the conduct of hearings at which all
interested parties can participate. It decides appeals based on the entire record of the process as well as all
submissions on the appeal. After deciding all appeals related to a document before it, the Council, if appropriate,
proceeds to issue the document as an official NFPA code or standard. Subject only to limited review by the NFPA
Board of Directors, the decision of the Standards Council is final, and the new NFPA code or standard becomes
effective twenty days after Standards Council issuance.
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