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This edition of NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors, Gases, Mists, and
Particulate Solids, was prepared by the Technical Committee on Handling and Conveying of Dusts,
Vapors, and Gases and released by the Correlating Committee on Combustible Dusts. It was issued by
the Standards Council on November 4, 2019, with an effective date of November 24, 2019, and
supersedes all previous editions.

This edition of NFPA 91 was approved as an American National Standard on November 24, 2019.

Origin and Development of NFPA 91

The National Fire Protection Association as early as 1899 recognized the hazards of blower and
exhaust systems. Since 1900, the NFPA Committee on Blower Systems has given continuing attention
to the subject. Following World War II, revisions and additions to the standard were recommended
by the NFPA Committee on Blower Systems to cover various new developments in the protection of
dust collecting systems and stock and refuse conveying systems, and were adopted by the NFPA at its
Annual Meetings in 1946, 1947, 1948, and 1949. Editorially revised editions were published in 1959
and 1961. In 1972, Section 200 (Chapter 2) was expanded, and a new Section 500 (Chapter 5),
covering systems involving plastic materials, was added. In the 1973 edition, Section 400 (Chapter 4)
was completely revised. The 1983 edition was completely updated to conform with the NFPA Manual
of Style and incorporated minor revisions in each chapter.

The 1990 edition included minor revisions to Chapter 2 including a new Figure 2-8 and Table
2-8(b). Changes were made to recognize NFPA 45, Standard on Fire Protection for Laboratories Using
Chemicals, and to remove conflicts with that standard. These changes included moving Section 5-2
and Figures 5-2 through 5-5 to Appendix A.

The Technical Committee on Blower Systems completely revised the standard for the 1992
edition, including a new title and new scope. The previous title had been Standard for the Installation
of Blower and Exhaust Systems for Dust, Stock, and Vapor Removal or Conveying. Chapters 3 and 4 from the
1990 edition were deleted with some requirements from those chapters included in the revised and
reorganized Chapter 2 and new Chapters 5, 6, and 7.

Minor changes were made to all chapters in the 1995 edition. The Committee clarified their
intent that ducts can be round, oval, or rectangular. A new figure was added to show access openings
for different shapes of ducts, and a new table was added in the appendix to show duct velocities for
types of materials conveyed.

The 1999 edition incorporated a new scope limiting the applicability of this document to
noncombustible particulate solids. The Committee on Handling and Conveying of Dusts, Vapors,
and Gases became responsible for NFPA 91 and made changes consistent with the committee’s other
documents, NFPA 650, Standard for Pneumatic Conveying Systems for Handling Combustible Particulate
Solids, and NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible Particulate Solids, that address combustible particulate solids.

In the 2004 revision, the Committee completed changes according to the Manual of Style for
NFPA Technical Committee Documents and the conditions under which flammable concentrations
can exceed 25 percent of the lower flammable limit (LFL) were expanded to match provisions in
other NFPA documents. The design requirements for duct hanging and bracing and fire protection
requirements for ducting were also updated.

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169.
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The 2010 edition contained extensive revisions to Chapter 4 on exhaust system design and construction. These revisions
brought requirements from the complementary document on pneumatic conveying systems, NFPA 654, to this standard for
correlation and consistency. The Committee also added a new chapter on Air-Material Separators (Chapter 7) using concepts
from NFPA 654. Chapter 9 was revised to be made retroactive and to establish requirements for testing frequency. Other
changes were made make the standard consistent with the Manual of Style for NFPA Technical Committee Documents.

The 2015 edition included a revision to both the document title and the scope to remove confusion for users of NFPA 91
when designing pneumatic conveying, duct systems, or air moving devices for application within the commodity-specific
combustible dust standards. With the revisions, the standard applied to particulate solids, whether combustible or
noncombustible. The committee used information provided by a FM Global data sheet to include alternative methods in two
applications: (1) protecting ducts that pass through fire barriers so as to maintain the fire resistance rating of the barrier and
(2) strengthening ducts where sprinklers are installed and discharge within the ducts system in order to maintain support for
the ducting with the accumulated weight of the discharge water. The committee added and revised definitions for consistency
with the commodity-specific combustible dust standards. The committee also reviewed and updated extracted material in
accordance with the Manual of Style for NFPA Technical Committee Documents.

The 2020 edition includes requirements for nonconductive system components and a revision to the concentration
threshold for flammable or combustible materials requiring spark-resistant fans and blowers.

2020 Edition
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This list represents the membership at the time the Committee was balloted on the final text of this edition.
Since that time, changes in the membership may have occurred. A key to classifications is found at the

back of the document.

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

Committee Scope: This Committee shall have primary responsibility for documents on the
hazard identification, prevention, control, and extinguishment of fires and explosions in the
design, construction, installation, operation, and maintenance of facilities and systems used
in manufacturing, processing, recycling, handling, conveying, or storing combustible
particulate solids, combustible metals, or hybrid mixtures.
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William R. Hamilton, US Department of Labor, DC [E]
Laura E. Moreno, NFPA Staff Liaison

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

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

Committee Scope: This Committee shall have primary responsibility for documents on the
prevention, control, and extinguishment of fires and explosions in the design, construction,
installation, operation, and maintenance of facilities and systems processing or conveying
flammable or combustible dusts, gases, vapors, and mists.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at www.nfpa.org/disclaimers or obtained on request from NFPA.

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on scheduled revision cycles. This
edition may be superseded by a later one, or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta-
tive Interim Amendments (TIAs). An official NFPA Standard at any
point in time consists of the current edition of the document, together
with all TIAs and Errata in effect. To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata, please consult the National Fire Codes® Subscription Service
or the “List of NFPA Codes & Standards” at www.nfpa.org/docinfo.
In addition to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

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

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. Extracted text may be edited for consistency and
style and may include the revision of internal paragraph refer-
ences and other references as appropriate. Requests for inter-
pretations or revisions of extracted text shall be sent to the
technical committee responsible for the source document.

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

Chapter 1 Administration

1.1* Scope.

1.1.1 This standard provides minimum requirements for the
design, construction, installation, operation, testing, and main-
tenance of exhaust systems for air conveying of vapors, gases,
mists, and particulate solids as they relate to fire and/or explo-
sion prevention, except as modified or amplified by other
applicable NFPA standards.

1.1.2 This standard does not cover exhaust systems for convey-
ing combustible particulate solids that are covered in other
NFPA standards (see A.1.1).

1.2 Purpose. The purpose of this standard is to provide tech-
nical requirements for exhaust systems that will achieve the
following results:

(1) Provide safety to life and property from fires and explo-
sions

(2) Minimize the damage in the event that such fires and
explosions occur

2020 Edition Shaded text = Revisions.

A = Text deletions and figure/table revisions.

1.3 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.

1.3.1 Unless otherwise specified, the provisions of this stand-
ard shall not apply to facilities, equipment, structures, or instal-
lations 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.

1.3.2 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 permit-
ted to apply retroactively any portions of this standard deemed
appropriate.

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

1.4 Equivalency. Nothing in this standard is intended to
prevent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, durabil-
ity, and safety over those prescribed by this standard.

1.4.1 Technical documentation shall be submitted to the
authority having jurisdiction to demonstrate equivalency.

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

N 1.5 Units of Measurement. Where extracted text contains
values expressed in only one system of units, the values in the
extracted text have been retained without conversion to
preserve the values established by the responsible technical
committee in the source document.

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.

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

NFPA 25, Standard for the Inspection, Testing, and Maintenance
of Water-Based Fire Protection Systems, 2020 edition.

NFPA 51B, Standard for Fire Prevention During Welding, Cutting,
and Other Hot Work, 2019 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2018 edition.

NFPA 69, Standard on Explosion Prevention Systems, 2019
edition.

NFPA 70%, National Electrical Code®, 2020 edition.

NFPA 86, Standard for Ovens and Furnaces, 2019 edition.

NFPA 221, Standard for High Challenge Fire Walls, Fire Walls,
and Fire Barrier Walls, 2018 edition.

NFPA 259, Standard Test Method for Potential Heat of Building
Materials, 2018 edition.

NFPA 780, Standard for the Installation of Lightning Protection
Systems, 2020 edition.

e = Section deletions. N = New material.
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2.3 Other Publications.

N 2.3.1 AMCA Publications. Air Movement and Control Associa-
tion International, Inc., 30 West University Drive, Arlington
Heights, IL 60004-1893. www.amca.org

AMCA 99-0401-86, Classification for Spark Resistant Construc-
tion, 1986.

2.3.2 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM E84, Standard Test Method for Surface Burning Character-
istics of Building Materials, 2017a.

ASTM E136, Standard Test Method for Behavior of Materials in a
Vertical Tube Furnace at 750°C, 2016a.

ASTM E2652, Standard ‘Test Method for Behavior of Materials in
a Tube Furnace with a Cone-shaped Airflow Stabilizer, at 750°C,
2016.

ASTM E2965, Standard Test for Determination of Low Levels of
Heat Release Rate for Materials and Products Using an Oxygen
Combustion Calorimeter, 2017.

2.3.3 SMACNA Publications. Sheet Metal and Air Condition-
ing Contractors' National Association, 4201 Lafayette Center
Drive, Chantilly, VA 20151-1219.

SMACNA 1108, Accepted Industry Practice for Industrial Duct
Construction, 2008.

SMACNA 1378, Thermoplastic Duct (PVC) Construction Manual,
2nd edition, 1995.

SMACNA 1520, Round Industrial Duct Construction Standard,
2013 (ANSI/SMACNA 005-2013).

SMACNA 1546, Thermoset FRP Duct Construction Manual, 2016
(ANSI/SMACNA 011-2017).

SMACNA 1922, Rectangular Industrial Duct Construction Stand-
ard, 2004 (ANSI/SMACNA 002-2011).

A 2.3.4 UL Publications. Underwriters Laboratories Inc., 333
Pfingsten Rd, Northbrook, IL 60062-2096.

UL 723, Standard for Test for Surface Burning Characteristics of
Building Materials, 2008, revised 2018.

2.3.5 Other Publications.

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

A 2.4 References for Extracts in Mandatory Sections.

NFPA 30, Flammable and Combustible Liquids Code, 2018
edition.

NFPA 652, Standard on the Fundamentals of Combustible Dust,
2019 edition.

NFPA 5000°, Building Construction and Safety Code®, 2018
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

Shaded text = Revisions. A = Text deletions and figure/table revisions.

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 jurisdic-
tion.

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 organ-
ization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or materi-
als, and by whose Ilabeling 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 evalua-
tion of services, and whose listing states that either the equip-
ment, 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.

N 3.2.6 Standard. An NFPA Standard, the main text of which
contains only mandatory provisions using the word “shall” to
indicate requirements and that is in a form generally suitable
for mandatory reference by another standard or code or for
adoption into law. Nonmandatory provisions are not to be
considered a part of the requirements of a standard and shall
be located in an appendix, annex, footnote, informational
note, or other means as permitted in the NFPA Manuals of
Style. When used in a generic sense, such as in the phrase
“standards development process” or “standards development
activities,” the term “standards” includes all NFPA Standards,
including Codes, Standards, Recommended Practices, and
Guides.

3.3 General Definitions.

A 3.3.1*% Air-Material Separator (AMS). A device designed to
separate the conveying air from the material being conveyed.
[652, 2019]

A 3.3.2% Air-Moving Device. A power-driven fan, blower, or
other device that establishes an airflow by moving a given
volume of air per unit time. [652, 2019]

A 3.3.3*% Centralized Vacuum Cleaning System. A fixed-pipe
system utilizing variablevolume negative-pressure (i.e.,
vacuum) air flows from remotely located hose connection
stations to allow the removal of dust accumulations from surfa-
ces and conveying those dusts to an air-material separator
(AMS). [652, 2019]

3.3.4 Duct. Pipes, tubes, or other enclosures used for the
purpose of pneumatically conveying materials.
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A 3.3.5*% Dust Collection System. A combination of equipment

designed to capture, contain, and pneumatically convey fugi-
tive dust to an air-material separator (AMS) in order to remove
the dust from the process equipment or surrounding area.
[652, 2019]

3.3.6* Exhaust System. An air-conveying system for moving
materials from a source to a point of discharge.

3.3.7* Explosion Hazard. In the context of this standard, an
explosion hazard is a volume within the exhaust system that
contains a combustible or flammable material at concentra-
tions greater than 25 percent of the relevant lower flammable
limit (LFL) at any time during startup, operation, shutdown,
maintenance, or process upset.

3.3.8 Fire Barrier. A continuous membrane, either vertical or
horizontal, such as a wall or floor assembly, that is designed and
constructed with a specified resistance rating to limit the
spread of fire and that will also restrict the movement of
smoke. Such barriers can have protected openings.

3.3.9 Fire Damper. A device installed in an exhaust system
designed to close automatically upon detection of heat to inter-
rupt air flow and to restrict the passage of flame.

3.3.10 Limited Combustible (Material). See 4.1.2.

A 3.3.11* Lower Flammable Limit (LFL). That concentration of

a flammable vapor in air below which ignition will not occur.
Also known as the lower explosive limit (LEL). [30, 2018]

N 3.3.12*% Minimum Explosible Concentration (MEC). The

minimum concentration of a combustible dust suspended in
air, measured in mass per unit volume, that will support a defla-
gration. [652, 2019]

3.3.13 Noncombustible (Material). See 4.1.1.

3.3.14* Noncombustible Particulate Solid. Any noncombusti-
ble solid material composed of distinct particles or pieces,
regardless of size, shape, or chemical composition.

A 3.3.15* Pneumatic Conveying System. An equipment system

that transfers a controlled flow of solid particulate material
from one location to another using air or other gases as the
conveying medium, and that is comprised of the following
components: a material feeding device; an enclosed ductwork,
piping, or tubing network; an air-material separator; and an air-
moving device. [652, 2019]

Chapter 4 Design and Construction

4.1 Terminology.
4.1.1* Noncombustible Material. [5000:7.1.4.1]

4.1.1.1 A material that complies with any one of the following
shall be  considered a  noncombustible  material.
[5000:7.1.4.1.1]

(I)* The material, in the form in which it is used, and under
the conditions anticipated, will not ignite, burn, support
combustion, or release flammable vapors when subjected
to fire or heat. [5000:7.1.4.1.1]

(2) The material is reported as passing ASTM E136, Standard
Test Method for Behavior of Materials in a Vertical Tube Furnace
at 750°C. [5000:7.1.4.1.1]
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(3) The material is reported as complying with the pass/fail
criteria of ASTM E136 when tested in accordance with
the test method and procedure in ASTM E2652, Standard
Test Method for Behavior of Materials in a Tube Furnace with a
Cone-shaped Airflow Stabilizer, at 750°C. [5000:7.1.4.1.1]

4.1.1.2 Where the term limited-combustible is used in this stand-

ard, it shall also include the term mnoncombustible.
[5000:7.1.4.1.2]

4.1.2* Limited-Combustible Material. A material shall be
considered a limited-combustible material where both of the
following conditions of 4.1.2(1) and 4.1.2(2) and the condi-
tions of either 4.1.2.1 or 4.1.2.2 are met. [5000:7.1.4.2]

(1) The material does not comply with the requirements for a
noncombustible material in accordance with 4.1.1.
[5000:7.1.4.2]

(2) The material, in the form in which it is used, exhibits a
potential heat value not exceeding 3500 Btu/lb (8141 K]/
kg), when tested in accordance with NFPA 259.
[5000:7.1.4.2]

4.1.2.1 The material shall have a structural base of noncom-
bustible material with a surfacing not exceeding a thickness of
1/8 in. (3.2 mm) where the surfacing exhibits a flame spread
index not greater than 50 when tested in accordance with
ASTM E84, Standard Test Method for Swrface Burning Characteris-
tics of Building Materials, or ANSI/UL 723, Standard for Test for
Surface  Burning  Characteristics — of  Building  Materials.
[5000:7.1.4.2.1]

4.1.2.2 The material shall be composed of materials that in
the form and thickness used, neither exhibit a flame spread
index greater than 25 nor evidence of continued progressive
combustion when tested in accordance with ASTM E84 or
ANSI/UL 723, and are of such composition that all surfaces
that would be exposed by cutting through the material on any
plane would neither exhibit a flame spread index greater than
25 nor exhibit evidence of continued progressive combustion
when tested in accordance with ASTM E84 or ANSI/UL 723.
[5000:7.1.4.2.2]

A 4.1.2.3 Materials shall be considered limited-combustible

materials where tested in accordance with ASTM E2965, Stand-
ard Test for Determination of Low Levels of Heat Release Rate for
Materials and Products Using an Oxygen Combustion Calorimeter, at
an incident heat flux of 75 kW/m? for a 20-minute exposure,
and both the following conditions are met:

(1) The peak heat release rate shall not exceed 150 kW/m?
for longer than 10 seconds.
(2) The total heat released shall not exceed 8 MJ/m?

[5000:7.1.4.2.3]

N 4.1.2.4 Where the term lLmited-combustible is used in this stand-

ard, it shall also include the term mnoncombustible.

[5000:7.1.4.2.4]
4.2 General Requirements.

4.2.1* The design and installation of exhaust systems shall be
the responsibility of persons having a knowledge of these
systems.

4.2.2* Incompatible materials shall not be conveyed in the
same system.

Shaded text = Revisions. A = Text deletions and figure/table revisions. ® = Section deletions. N = New material.



DESIGN AND CONSTRUCTION 919

4.2.2.1 Where more than one type of material is to be handled
by a system, compatibility shall be verified by literature review
or test.

4.2.2.2 Where incompatibility is found, provisions shall be
made for cleaning the system prior to transporting a new mate-
rial.

4.2.3 Unless the circumstances stipulated in 4.2.3.1, 4.2.3.2, or
4.2.3.3 exist, in systems conveying flammable vapors, gases, or
mists, the concentration shall not exceed 25 percent of the
LFL.

4.2.3.1 Higher concentrations shall be permitted if the
exhaust system is designed and protected in accordance with
NFPA 69, using one or more of the following techniques:

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

(3) Deflagration suppression

(4) Deflagration pressure containment

4.2.3.2 Higher concentrations shall be permitted for ovens
and furnaces designed and protected in accordance with
NFPA 86.

4.2.3.3 Higher concentrations shall be permitted where defla-
gration venting is provided in accordance with NFPA 68.

4.2.4 The design of any exhaust system shall require knowl-
edge of the physical and chemical properties and hazardous
characteristics of the materials being conveyed.

4.2.5% Air-moving devices shall be sized to establish the veloc-
ity required to capture, control, and convey materials through
the exhaust system.

4.2.6 Operations generating flames, sparks, or hot material
such as from grinding wheels and welding shall not be manifol-
ded into any exhaust system that air conveys flammable or
combustible materials.

4.2.7 Magnetic Separations. Where required, magnetic sepa-
rators shall be installed in accordance with Section 8.5.

4.2.8* System Plans.

4.2.8.1 Plans and specifications for new systems and systems to
be modified shall be submitted to the authority having jurisdic-
tion for approval prior to installation or modification.

4.2.8.2 The submittal shall provide information adequate to
describe the hazard and to demonstrate safe performance of
the system.

4.2.9 Fire dampers shall be permitted to be installed in
exhaust systems in the following situations:

(1)  Where ducts pass through fire barriers

(2) Where a collection system installed on the end of the
system is protected with an automatic extinguishing
system

(3) Where the duct system is protected with an automatic
extinguishing system

(4)  Where ducts have been listed with interrupters

(b) Where necessary to facilitate the control of smoke
pursuant to the applicable NFPA standards

4.2.10 Fire dampers shall not be installed if the material being
exhausted is toxic and if a risk evaluation indicates that the
toxic hazard is greater than the fire hazard.
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4.2.11 Exhaust ducts shall not pass through fire walls, as
defined by NFPA 221.

4.2.12 Exhaust ducts passing through a fire barrier having a
fire resistance rating of 2 hours or greater shall meet one of the
following specifications:

(1) Wrapped or encased with listed or approved materials
having a fire resistance rating equal to the fire barrier for
10 ft (3 m) of the duct on each side of the fire barrier
including duct supports within this span

(2) Constructed of materials and supports having a minimum
fire resistance rating equal to the fire barrier

(3) Enclosed with a shaft that is constructed of material
having a fire resistance rating equal to the fire barrier for
10 ft (3 m) of the duct on each side of the fire barrier
with no inlets to the duct within this distance, and the
duct entry into and exit from the shaft is protected in
accordance with 4.2.13

4.2.13 Exhaust ducts passing through fire barriers of any fire
resistance rating shall be protected by sealing the space around
the duct with listed or approved fire stopping having a fire
resistance rating equal to the fire resistance rating of the fire
barrier.

4.2.14 Unless the circumstances stipulated in 4.2.14.1 or
4.2.14.2 exist, fire detection and alarm systems shall not be
interlocked to shut down air-moving devices.

4.2.14.1 Where shutdown is necessary for the effective opera-
tion of an automatic extinguishing system, it shall be permitted
to interlock fire detection and alarm systems to shut down air-
moving devices.

4.2.14.2 Where a documented risk analysis acceptable to the
authority having jurisdiction shows that the risk of damage
from fire and the products of combustion would be higher with
air-moving devices operating, it shall be permitted to interlock
fire detection and alarm systems to shut down air-moving devi-
ces.

4.3 Duct Material and Construction.

4.3.1 Unless the circumstances stipulated in 4.3.1.1 or 4.3.1.2
exist, duct material shall be noncombustible.

4.3.1.1 Combustible duct material, when protected in accord-
ance with Chapter 9, shall be permitted to be used when the
material being conveyed is incompatible with noncombustible
construction materials.

4.3.1.2 Listed duct systems approved for use without auto-
matic fire protection and not subject to combustible residue
buildup shall be permitted to be used.

4.3.2 The duct construction shall conform to the following
applicable Sheet Metal and Air Conditioning Contractors'
National Association (SMACNA) standards:

(1) SMACNA 1108, Accepted Industry Practice for Industrial Duct
Construction

(2) SMACNA 1922, Rectangular Industrial Duct Construction
Standard

(3) SMACNA 1520, Round Industrial Duct Construction Standard

(4) SMACNA 1378, Thermoplastic Duct (PVC) Construction
Manual

(5) SMACNA 1546, Thermoset FRP Duct Construction Manual
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4.3.3 Duct supports shall be designed to carry the weight of
the duct system itself plus the anticipated weight of any
conveyed materials.

4.3.4 If sprinkler protection is provided inside the duct
system, then the duct supports shall also be designed to carry
the anticipated weight of any accumulation of sprinkler
discharge.

4.3.4.1%* As an alternative to 4.3.4, it shall be permitted to
provide low-point drains in the ducts in accordance with
4.3.4.1.1 through 4.3.4.1.4.

4.3.4.1.1 Where drainage would not cause water damage,
friction-retained caps or equivalent drainage arrangements
shall be used.

4.3.4.1.2*% Where drainage would cause water damage, drain-
age discharge shall be consistent with requirements of the state
and local building codes.

4.3.4.1.3 Where hazardous residue is present in the duct,
drains shall be arranged for proper disposal of wastes in the
drain water.

4.3.4.1.4 Drains shall be designed to minimize air leakage into
the ducts.

4.3.4.2 Branch-duct inlets to the main horizontal ducts near
the top of the main duct shall be located to lessen the possibil-
ity of sprinkler discharge flowing back through the branches
and into critical processes.

4.3.5 Laps in duct construction shall be in the direction of
airflow.

4.3.6 Condensate.

4.3.6.1 Joints in duct construction shall be liquidtight when
the conveying system contains condensable vapors or liquids in
suspension.

4.3.6.2 Provisions shall be made for drainage of condensate at
low points in the duct.

4.4 Access.

4.4.1* A means shall be provided to inspect the system in
accordance with Section 10.3.

4.4.2 The requirement of 4.4.1 shall not apply to ducts
handling materials that do not create a condition requiring
access into the duct.

4.4.3 Location and Size.

4.4.3.1 Access openings shall be located and sized to satisfy
their intended purpose.

4.4.3.2 Where used, access openings shall be located on the
tops or sides of the ducts.

4.4.4% Where access openings are used, the closures shall
maintain the integrity of the duct system.

4.4.5 Where used, required openings or other penetrations
shall be sealed, gasketed, or tightly fitted so that conveyed
material does not escape.

4.5 Design Requirements.

4.5.1* An exhaust system shall be inherently balanced, or a
means shall be provided for balancing the system.

2020 Edition

4.5.2* The design of the system shall be documented, and the
documentation shall include the following information:

(1) Data on the range of particulate size

(2) Concentration of particulate or dust in the conveyance
air stream

(3) Potential for reaction between the transported particu-
lates and the extinguishing media used to protect process
equipment

(4) Conductivity of the particulates

(5) Concentration of flammable vapors or gases in the
conveyance air stream

(6) Other physical and chemical properties that could affect
the fire protection of the process

4.5.3 Existing systems shall not be modified without consider-
ing the effects of those changes on the system perform-
ance, including the redesign of the system to incorporate the
proposed changes.

4.5.4 Where used, balancing devices shall be secured to
prevent inadvertent adjustment or loss of transport velocity.

4.5.5 When dampers or louvers are used for weather or back-
draft protection, they shall be located on the clean-air side of
the filtration system.

4.5.6* Building components shall not be used as parts of a
duct system.

4.5.7* Discharge shall terminate away from outside air intakes
to prevent material from entering the air intakes.

4.5.8 The rate of airflow at each hood or other pickup point
shall be designed so as to capture, convey, and control the
material.

4.5.9% All ductwork shall be sized to provide the air volume
and air velocity necessary to keep the duct interior clean and
free of residual material. [654:9.3.3.2.6.6]

4.5.10 Hoods.

4.5.10.1 Materials shall be confined to and removed from the
area where they are generated, by hoods or enclosures and an
airmoving device.

4.5.10.2* When it is not possible for the process to be
enclosed or hoods installed, local exhaust ventilation shall be
permitted.

4.5.11 Duct liners that are combustible shall meet one of the
following requirements:

(1) They shall be tested as part of a listed duct system that has
been evaluated and found to be of low fire hazard not
requiring automatic sprinkler protection to prevent fire

spread.
(2) They shall have automatic sprinkler protection as
required by Chapter 9.

4.5.12 Additional branch ducts shall not be added to an exist-
ing system without redesign of the system.

4.5.13 Branch ducts shall not be disconnected nor unused
portions of the system be blanked off without provision for
means to maintain required airflow.

4.5.14 Flexible ducts shall be permitted to be used only at
inlets where movability or portability is required.
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4.6 Hangers and Supports.

4.6.1 Duct supports shall be designed to carry the weight of
the duct half filled with material.

4.6.2 Where sprinkler protection is provided or cleaning of
the duct will be performed, the hanger's design shall include
the weight of any expected liquid accumulation.

4.6.3 Duct supports shall be designed to prevent placing loads
on connected equipment.

4.6.4 Hangers and supports exposed to corrosive atmospheres
shall be resistant to the corrosive atmospheres.

4.6.5 To avoid vibration and stress on the duct, hangers and
supports shall be securely fastened to the building or structure.

4.6.6 Hangers and supports shall be designed to allow for
expansion and contraction.

4.7 Duct Installation.

4.7.1 General Requirements. Unless the conditions stipulated
in 4.7.1.1 or 4.7.2 exist, all duct systems and system components
shall have a clearance of at least 6 in. (152 mm) from stored
combustible materials, and not less than % in. (13 mm) clear-
ance from combustible construction.

4.7.1.1 Where stored combustible material or combustible
construction is protected from ductwork by the use of materials
or products listed for protection purposes, clearance shall be
maintained in accordance with those listings.

4.7.2 Systems Conveying Combustible Materials. Unless the
conditions stipulated in 4.7.2.1 exist, all duct systems and
system components handling combustible materials shall have
a clearance of not less than 18 in. (457 mm) from stored
combustible materials or combustible construction.

4.7.2.1 When the ductwork system is operating at 140°F
(60°C) or below and is equipped with an approved automatic
extinguishing system designed for the specific hazard, the
clearance shall be permitted to be reduced to 6 in. (152 mm)
from combustible materials and % in. (13 mm) from combusti-
ble construction.

4.7.3 Clearance Increases. All duct systems and system
components operating at temperatures above 140°F (60°C)
shall have clearances from stored combustible materials or
combustible construction not less than those listed in Table
4.7.3.

Table 4.7.3 Basic Minimum Clearances to Unprotected Surfaces

4.7.3.1 Ducts handling materials at temperatures in excess of
900°F (482°C) shall be lined with refractory material or the
equivalent.

4.7.3.2 When stored combustible materials or combustible
construction are protected from ductwork in accordance with
4.7.4, the clearance established in Table 4.7.3 shall be permit-
ted to be reduced in accordance with Table 4.7.4, but not to
less than specified in 4.7.1.

4.7.4 Clearance Reduction Methods. It shall be permitted to
protect stored combustible material or combustible construc-
tion from ductwork in accordance with Table 4.7.4 and this
section.

4.7.4.1 In no case shall the clearance between the duct and
the combustible surface be reduced below that allowed in
Table 4.7.4.

4.7.4.2 Spacers and ties for protection materials shall be of
noncombustible material and shall not be installed on the duct
side of the protection system.

4.7.4.3 Mineral wool batts (blanket or board) shall have a
minimum density of 8 Ib/ft® (130 kg/mg) and have a minimum
melting point of 1500°F (816°C).

4.7.4.4 Insulation board used as a part of a clearance reduc-
tion system shall meet the following criteria:

(1)
(2)

4.7.4.5 With all clearance reduction systems, at least 1 in.
(25.4 mm) clear space shall be provided between the duct and
the thermal shield.

Have a thermal conductivity of 1 Btu in./f® hr °F
(0.14 W/m? hr °C) or less

Be formed of noncombustible material

4.7.4.6 When using clearance reduction systems that include
an air gap, at least 1 in. (25.4 mm) clear space shall be provi-
ded between the thermal shield and the combustible surface.

4.7.4.7 When using clearance reduction systems that include
an air gap between the combustible surface and the selected
means of protection, air circulation shall be provided by one of
the methods in 4.7.4.7.1 through 4.7.4.7.3.

4.7.4.7.1 Air circulation shall be permitted to be provided by
leaving all edges of the protecting system open with at least a
1in. (25.4 mm) air gap.

Largest Duct
Dimension Clearance
Duct Gas Temperature in. mm in. mm
140°F-600°F (60°C-315°C) incl. 8 203 8 203
>8 >203 12 305
>600°F-900°F (>315°C-482°C) incl. 8 203 18 457
>8 >203 24 610
>900°F (>482°C) All ducts lined with 24 610

refractory
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Table 4.7.4 Reduction of Duct Clearance with Specified Forms of Protection

Maximum Allowable Reduction in Clearance (%)

As Wall Protector or As Ceiling Protector or

Form of Protection” Vertical Surface Horizontal Surface
3 % in. (90 mm) thick masonry wall without ventilated air space 33 None
Y in. (13 mm) thick noncombustible insulation board over 1 in.

(25.4 mm) glass fiber or mineral wool batts without ventilated air space 50 33
0.024 in. (0.61 mm/24 gauge) sheet metal over 1 in. (25.4 mm) glass

fiber or mineral wool batts reinforced with wire, or equivalent on rear

face with atleast a 1 in. (25.4 mm) air gap 66 66
3 % in. (90 mm) thick masonry wall with at least a 1 in. (25.4 mm) air gap 66 None
0.024 in. (0.61 mm/24 gauge) sheet metal with at leasta 1 in. (25.4 mm)

air gap 66 50
Y in. (13 mm) thick noncombustible insulation board with at least a 1 in.

(25.4 mm) air gap 66 50
0.024 in. (0.61 mm/24 gauge) sheet metal with ventilated air space over

atleast 0.024 in. (0.61 mm/24 gauge) sheet metal with at leasta 1 in.

(25.4 mm) air gap 66 50
1in. (25.4 mm) glass fiber or mineral wool batts sandwiched between two

sheets of 0.024 in. (0.61 mm/24 gauge) sheet metal with at leasta 1 in.

(25.4) mm air gap 66 50

* Clearance reduction applied to and covering all combustible surfaces within the distance specified as required clearance with no protection in Table

4.7.3.

4.7.4.7.2 If the means of protection is mounted on a single
flat wall away from corners, air circulation shall be permitted to
be provided by one of the following:

(1) Leaving only the top and bottom edges open to circula-
tion by maintaining the 1 in. (25.4 mm) air gap

(2) Leaving the top and both side edges open to circulation
by maintaining the 1 in. (25.4 mm) air gap

4.7.4.7.3 Thermal shielding that covers two walls in a corner
shall be permitted to be open at the top and bottom edges with
atleasta I in. (25.4 mm) air gap.

4.7.5 Measuring Clearances.

4.7.5.1 As shown in Figure 4.7.5.1, all clearances shall be
measured from the outer surface of the combustible material
to the nearest point on the outer surface of the duct, disregard-
ing any intervening protection over the combustible material.

Construction using Sheet metal or
/— combustible material /_ other protection
X X N ] KX X
T /\\\\ $B /’,—’/r\
{ o ’
Duct
Duct

A= required clearance with no protection
B = reduced clearance permitted

4.7.5.2 The minimum allowable clearance with protection
provided, shown as dimension B in Figure 4.7.5.1, shall be
calculated by using the following equation:

[4.7.5.2]
B=Ae|1- R
[ IOOJ
where:

B = minimum allowable clearance with protection
A = required clearance with no protection
R = maximum allowable clearance reduction in %

4.7.5.3 The protection applied to the construction using
noncombustible materials shall extend far enough in each
direction to make distance Cin Figure 4.7.5.1, at least equal to
the required clearance with no protection A.

Sheet metal or

/_ other protection

Construction using
/— combustible material

b T
S

C = clearance to unprotected combustible materials, measure normal to duct surface = A

FIGURE 4.7.5.1
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Extent of Protection Required to Reduce Clearances from Ducts.
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Chapter 5 Corrosive Materials

5.1 General.

5.1.1 Exhaust systems utilizing plastic material shall be permit-
ted to be used to convey nonflammable corrosives.

5.1.2 The choice of the material type shall be the responsibil-
ity of the design engineer.

5.1.3% All chemical-resistant plastics have properties and limi-
tations that shall be considered in the design of a system.

5.1.4 The minimum standards of materials, construction, and
workmanship in 5.1.4.1 through 5.1.4.3 shall be deemed neces-
sary to ensure minimum fire hazard in the operation of these
systems.

5.1.4.1 Plastic ducts shall be in accordance with 4.3.1 and
4.5.11.

5.1.4.2 All hoods and airmoving device surfaces that are part
of the system shall have flame spread ratings at least equivalent
to the flame spread rating of the material of the duct system.

5.1.4.3 Where located in a multistory building or a concealed
space, plastic duct materials shall be listed with an external
smoke development rating of 50 or less, unless the duct system
is located in an area protected by an automatic sprinkler
system, or located in a 1-hour fire-rated enclosure.

Chapter 6 Air-Moving Devices

6.1 General.

6.1.1 Air-moving devices shall be constructed of noncombusti-
ble materials and shall be designed and installed to safely
convey materials through the exhaust system.

6.1.2 Where the materials conveyed are not compatible with
noncombustible materials, alternate materials of construction
shall be permitted based upon a documented risk evaluation.

6.2* Flammable or Combustible Materials. Where flammable
or combustible materials are conveyed at concentrations
greater than or equal to 10 percent of either the MEC of the
dust or the LFL of the vapor, fans and blowers shall be of Type
A, B, or C spark-resistant construction per AMCA 99-0401-86,
Classification for Spark Resistant Construction.

6.3 Clearance.

6.3.1 Clearance between the rotating element and the casing
shall be provided to avoid friction that might lead to fire.

6.3.2 Allowances shall be made for expansion and loading to
prevent contact between moving parts and the duct or housing.

6.4 Alignment. The rotating elements shall be mounted on a
shaft designed to maintain proper alignment even when the
blades or impeller are loaded.

6.5 Maintenance and Inspection.

6.5.1 Air-moving devices shall be located to permit ready
access for inspection, lubrication, maintenance, cleaning, and
repair.

6.5.2 Airmoving devices shall be placed on foundations or
firmly secured to supports.
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6.6 Location. Airmoving devices used in systems that air
convey dust or vapors containing residue shall be located on
the clean-air side of the filtration system.

6.7 Flexible Connections. Flexible connections shall be
permitted in order to minimize the transmission of vibration.

Chapter 7 Air-Material Separators (Air Separation Devices)

7.1 General Requirements.

7.1.1 Air-material separators handling both noncombustible
particulates as well as a flammable gas, vapor, or mist shall
comply with the requirements of all relevant sections in this
chapter.

7.1.2 The discharge system shall be designed to handle the
maximum material flow attainable from the system.

7.1.3 Air-material separators shall be sized and selected to
assure adequate system air flow under all anticipated design
conditions.

7.1.4% All air-material separators shall be equipped with
performance monitoring devices for verification of system
performance per 7.1.2 and 7.1.3.

7.1.5 Materials of construction of the air-material separator
shall not exceed the fire load for which the building compart-
ment fire protection has been designed.

7.1.6 Location.

7.1.6.1 Where an explosion hazard exists within the air-mate-
rial separator, air-material separators shall be located outside
of buildings.

7.1.6.2 The requirement of 7.1.6.1 shall not apply to the
following:

(1) Air-material separators equipped with explosion venting
in accordance with NFPA 68

(2) Air-material separators equipped with explosion protec-
tion in accordance with NFPA 69

(3) Air-material separators with volumes less than 8 f¢*
(0.2 m%

7.1.7 Protection.

7.1.7.1 Where both an explosion hazard and a fire hazard
exist in an air-material separator, provisions for protection for

each type of hazard shall be provided.

7.1.7.2 The protection to be provided shall be permitted to be
determined by a documented risk evaluation acceptable to the
authority having jurisdiction.

7.1.8 Access. Access openings shall comply with Section 4.4.

7.1.9 Manifolding of Ducts. Where an explosion hazard
exists, the requirements in 7.1.9.1 through 7.1.9.4 shall apply.

7.1.9.1 Manifolding of ducts to air-material separators shall
not be permitted.

7.1.9.2 Ducts from a single piece of equipment or from multi-
ple pieces of equipment interconnected on the same process
stream shall be permitted to be manifolded.

7.1.9.3 Ducts from nonassociated pieces of equipment shall be
permitted to be manifolded, provided that each duct is equip-
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ped with an isolation device prior to manifolding in accord-
ance with NFPA 69.

7.1.9.4 Ducts for centralized vacuum cleaning systems shall be
permitted to be manifolded.

7.1.10 Where lightning protection is provided, it shall be
installed in accordance with NFPA 780.

7.2*% Separators for Noncombustible Particulates.

7.2.1* Hopper bottoms shall be designed with a slope suitable
for the material being collected.

7.2.2% The type of air-material separator shall be suitable for
the particulates to be separated.

7.3 Separators for Flammable Gases, Vapors, and Mists.

7.3.1* The type of separator shall be suitable for the gas,
vapor, or mist being separated from the air stream.

7.3.2 A means shall be in place to determine when the media
must be replaced in order to provide suitable removal of the
filtrate.

7.3.3 Where the conveying gas includes flammable gases or
vapors in addition to the noncombustible particulates, air—
material separators shall be constructed of noncombustible
materials.

7.3.4 Filter media and filter media support frames shall be
permitted to be constructed of combustible material.

7.3.5 All system components shall be conductive.

7.3.6 Nonconductive system components shall be permitted
where a documented risk evaluation has determined the level
of risk from electrostatic ignition and the risk evaluation is
acceptable to the authority having jurisdiction.

Chapter 8 Ignition Sources

8.1 Electrical Equipment. All electrical equipment and instal-
lations shall comply with the requirements of NFPA 70.
8.2* Static Electricity.

8.2.1 All system components shall be conductive.

8.2.2*% Bonding and grounding with a resistance of less than
1.0 x 10° ohms to ground shall be provided.

8.2.3*% Nonconductive equipment shall be permitted to be
used in accordance with the requirements of Chapter 5 and
8.2.3 and 8.2.3.1.

N 8.2.3.1 Nonconductive system components shall be permitted

where all of the following conditions are met:

(1)* Hybrid mixtures and flammable gas/vapor atmospheres
are not present.

(2)* Conductive particulate solids are not handled.

(3)* The nonconductive components do not result in isolation
of conductive components from ground.

(4)* The breakdown strength across nonconductive sheets,
coatings, or membranes does not exceed 4 kV, and the
breakdown strength across nonconductive woven objects
does not exceed 6 kV, when used in high surface charg-
ing processes.

[652:9.4.7.1.2]
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8.2.4 Where belt drives are used, the belts shall be electrically
conductive with a resistance of 1 megohm or less.

8.3 Manifolds. Operations generating flames, sparks, or hot
material such as from grinding wheels and welding shall not be
manifolded into any exhaust system that air conveys flammable
or combustible materials.

8.4 Open Flames and Sparks. The requirements of 8.4.1
through 8.4.4 shall be applied retroactively.

8.4.1 Prior to the start of any hot work on a duct, the duct
shall be investigated for the presence of combustible residue or
flammable vapors.

8.4.2 Cutting and welding shall comply with the applicable
requirements of NFPA 51B.

8.4.3 Grinding, chipping, and other operations that produce
either sparks or open flame ignition sources shall be controlled
by a hot work permit system in accordance with NFPA 51B.

8.4.4 Smoking shall be permitted only in designated areas.
8.5 Removal of Ferrous Materials.

8.5.1*% Ferrous materials capable of igniting combustible mate-
rial being conveyed shall be removed from the exhaust stream
by magnetic separators of the permanent or electromagnetic

type.

8.5.2 Where electromagnetic separators are used, provisions
shall be made to indicate the loss of power to the electromag-
netic separators.

8.5.3 Where electromagnetic separators are used, they shall be
listed or approved.

8.6* Belt Drives. Belt drives shall be designed to stall without
the belt slipping, or a safety device shall be provided to shut
down the equipment if slippage occurs.

8.7* Bearings.

8.7.1 Roller or ball bearings shall be used on all processing
and transfer equipment.

8.7.2 Bearings and drive components shall not be placed
inside ducts unless they are protected or enclosed to prevent
ignition of flammable materials.

8.7.3 Lubrication shall be performed in accordance with the
manufacturer's recommendations.

8.7.4 Bushings shall be permitted to be used when an engi-
neering evaluation shows that mechanical loads and speeds
preclude ignition due to frictional heating.

8.8 Equipment. Equipment with moving parts shall be in-
stalled and maintained so that true alignment is maintained
and clearance is provided to minimize friction.

Chapter 9 Fire Protection

9.1* General. Any portion of an exhaust system utilizing
combustible components or having the potential for combusti-
ble residue buildup on the inside, where the duct cross-
sectional area is greater than or equal to 75 in.? (480 cm?),
shall be provided with an automatic extinguishing system
within the duct and at the duct intake, hood, enclosure, or
canopy.

Shaded text = Revisions. A = Text deletions and figure/table revisions. ® = Section deletions. N = New material.



ANNEX A

91-15

9.1.1 Unless combustible residue buildup is present, an auto-
matic extinguishing system shall not be required where duct-
work is fabricated from listed limited combustible material.

9.2 Drainage. When a sprinkler system is installed, means
shall be provided to prevent water accumulation in the duct or
flow of water back to a process subject that could be damaged
by water.

9.3 Testing and Inspection. Fire protection shall be tested
and inspected in accordance with NFPA 25.

Chapter 10 Testing and Maintenance

10.1 Retroactivity. The requirements of Chapter 10 shall be
applied retroactively.

10.2 General. Exhaust systems shall be tested, inspected, and
maintained to ensure safe operating conditions.

10.2.1 The responsibility for maintenance shall be assigned to
trained personnel who are capable of recognizing potential
hazards.

10.2.2 Maintenance shall include the determination that
special protection for duct systems is fully operable and that
plant automatic sprinkler protection is in service.

10.3* System Test.

10.3.1 When installation of a new system is complete, the
system shall be tested to demonstrate performance before
acceptance by the user.

10.3.2 Modified systems shall be retested.

10.3.3 Test results shall be recorded and maintained for at
least 2 years or two test cycles, whichever is greater.

10.3.4* Existing systems shall be tested annually by the user to
demonstrate continued performance.

10.3.5 Where the manufacturer's requirements are more strin-
gent or where conditions of service and documented past test
results dictate, testing frequencies shall be permitted to be
adjusted accordingly, but not to exceed every 2 years.

10.4* System Inspection.
10.4.1 All system components shall be inspected monthly.

10.4.2 When the manufacturer's requirements are more strin-
gent or where conditions of service and documented past
inspection results dictate, inspection frequencies shall be
permitted to be adjusted accordingly, but not to exceed quar-
terly.

10.4.3 Inspection results shall be recorded and maintained for
at least 2 years.

10.4.4 The user's operational and maintenance program shall
include all of the manufacturer's listed procedures that are
applicable to the equipment.

10.4.5 An operational and maintenance checklist shall be
maintained.

10.4.6 Accumulations of conveyed materials and residues shall
be removed from hoods and enclosures, ducts and fittings, and
air-moving devices.
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10.4.7 The ducts shall be checked for obstructions such as
improperly adjusted dampers or shutters.

10.4.8 Filtration systems shall be inspected and filters cleaned
or replaced as required.

10.4.9 Airmoving devices shall be inspected for belt tension
and wear and lubrication.

10.4.10 Hoods and enclosures shall be inspected for proper
confinement and removal of materials.

10.5 Cleanliness. Ductwork shall be examined periodically to
determine adequacy of cleaning frequency.

10.6 Maintenance Program.

10.6.1 All system components shall be maintained in good
operating condition.

10.6.2 A written maintenance program shall be established.

10.6.3 The program shall include any and all recommenda-
tions provided by the manufacturer.

10.6.4 All deficiencies found during testing and inspection
shall be corrected.

10.6.5 Serious deficiencies shall require immediate attention.

10.7 Maintenance Log. An operational maintenance log shall
be kept to document maintenance actions.

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 explan-
atory material, numbered to correspond with the applicable text para-

graphs.

A A.1.1 The following NFPA standards contain information on

the application of exhaust systems to specific industries or
operations:

(1) NFPA 1
(2) NFPA 30
(3) NFPA 30B
(4) NFPA 32

(5) NFPA 33
(6) NFPA 34
(7) NFPA 35
(8) NFPA 36
(9) NFPA 45

(10) NFPA 61
(11) NFPA 68
(12) NFPA 85
(13) NFPA 86
(14) NFPA 92
(15) NFPA 96
(16) NFPA 120
(17) NFPA 204
(18) NFPA 211
(19) NFPA 303
(20) NFPA 318
(21) NFPA 409
(22) NFPA 484
(23) NFPA 654
(24) NFPA 655
(25) NFPA 664
(26) NFPA 801
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A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evaluate
testing laboratories. In determining the acceptability of installa-
tions, procedures, equipment, or materials, the 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 instal-
lation, procedure, or use. The authority having jurisdiction
may also refer to the listings or labeling practices of an organi-
zation 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 AH]J, 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 indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; building
official; electrical inspector; or others having statutory author-
ity. For insurance purposes, an insurance inspection depart-
ment, rating bureau, or other insurance company
representative may be the authority having jurisdiction. In
many circumstances, the property owner or his or her designa-
ted agent assumes the role of the authority having jurisdiction;
at government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalua-
tion; 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.

A.3.3.1 Air-Material Separator (AMS). Examples include
cyclones, bag filter houses, scrubbers, demisters, and electro-
static precipitators.

A A.3.3.2 Air-Moving Device. An air-moving device is a fan or

blower. A general description of each follows:

(1) Fans:

(a) A wide range of devices that utilize an impeller,
contained within a housing, that when rotated
create air/gas flow by negative (vacuum) or positive
differential pressure.

(b) These devices are commonly used to create compa-
ratively high air/gas volume flows at relatively low
differential pressures.

(c) These devices are typically used with ventilation
and/or dust collection systems.

(d) Examples are centrifugal fans, industrial fans,
mixed or axial flow fans, and inline fans.

(2) Blowers:

(a) A wide range of devices that utilize various-shaped
rotating configurations, contained within a housing,
that when rotated create air/gas flow by negative
(vacuum) or positive differential pressure.

(b) These devices are commonly used to create compa-
ratively high differential pressures at comparatively
low air/gas flows.
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(¢) The most common uses of these devices are with
pneumatic transfer, high-velocity, low volume
(HVLV) dust collection, and vacuum cleaning
systems.

(d) Examples are positive displacement (PD) blowers,
screw compressors, multi-stage centrifugal compres-
sors/blowers, and regenerative blowers.

[652, 2019]

A A.3.3.3 Centralized Vacuum Cleaning System. This system

normally consists of multiple hose connection stations hard-
piped to an AMS located out of the hazardous area. Positive
displacement or centrifugal AMDs can be used to provide the
negative pressure air flow. The hoses and vacuum cleaning
tools utilized with the system should be designed to be conduc-
tive or static-dissipative in order to minimize any risk of gener-
ating an ignition source. Low MIE materials should be given
special consideration in the system design and use. A primary
and secondary AMS separator combination (e.g., cyclone and
filter receiver) can be used if large quantities of materials are
involved. However, most filter receivers are capable of handling
the high material loadings without the use of a cyclone. [652,
2019]

A.3.3.5 Dust Collection System. A typical dust collection
system consists of the following:

(1) Hoods — devices designed to contain, capture, and
control the airborne dusts by using an induced air flow in
close proximity to the point of dust generation (local
exhaust zone) to entrain fugitive airborne dusts.

(2) Ducting — piping, tubing, fabricated duct, etc., used to
provide the controlled pathway from the hoods to the
dust collector (AMS). Maintaining adequate duct velocity
(usually 4000 fpm or higher) is a key factor in the proper
functioning of the system.

(3) Dust collector — an AMS designed to filter the conveyed
dusts from the conveying air stream. Usually these devices
have automatic methods for cleaning the filter media to
allow extended use without blinding. In some systems, a
scrubber or similar device is used in place of the filter
unit.

(4) Fan package — an AMD designed to induce the air flow
through the entire system.

The system is designed to collect only suspended dusts at the
point of generation and not dusts at rest on surfaces. The
system is also not designed to convey large amounts of dusts as
the system design does not include friction loss due to solids
loading in the pressure drop calculation. Thus, material load-
ing must be minimal compared to the volume or mass of air
flow. [654, 2020]

A.3.3.6 Exhaust System. A system can consist of an air-moving
device with ducting, connected to the inlet, the discharge, or
both. More complicated systems can include ductwork, an air-
moving device, control dampers, an air-material separator,
noise attenuation, and pollution control equipment.

A.3.3.7 Explosion Hazard. A mist of flammable or combusti-
ble liquids has deflagration characteristics that are analogous
to dusts. The lower flammable limit for dispersed liquid mists
varies with droplet size in a manner that is analogous to parti-
cle size for dusts. The determination of these deflagration char-
acteristics is complicated by droplet dispersion, coalescence,
and settling. A typical LFL for a fine hydrocarbon mist is
40 g/m? to 50 g/m?®, which is approximately equal to the LFL
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for combustible hydrocarbon gases in air at room temperature.
Mists of combustible liquids can be ignited at initial tempera-
tures well below the flash point of the liquid. [68: B.2.6]

A.3.3.11 Lower Flammable Limit (LFL). Mixtures below this
limit are said to be “too lean.” [329, 2020]

N A.3.3.12 Minimum Explosible Concentration (MEC). Mini-
mum explosible concentration is defined by the test procedure
in ASTM EI1515, Standard Test Method for Minimum Explosible
Concentration of Combustible Dusts. MEC is equivalent to the
lower flammable limit for flammable gases. Because it has been
customary to limit the use of the lower flammable limit to flam-
mable vapors and gases, an alternative term is necessary for
combustible dusts. [652, 2019]

The MEC is dependent on many factors, including particu-
late size distribution, chemistry, moisture content, and shape.
Consequently, designers and operators of processes that handle
combustible particulate solids should consider those factors
when applying existing MEC data. Often, the necessary MEC
data can be obtained only by testing. [652, 2019]

A.3.3.14 Noncombustible Particulate Solid. Noncombustible
particulate solids include dusts, fibers, fines, chips, chunks,
flakes, and mixtures of these.

A.3.3.15 Pneumatic Conveying System. Pneumatic conveying
systems include a wide range of equipment systems utilizing air
or other gases to transport solid particles from one point to
another. A typical system comprises the following:

(1) A device used to meter the material into the conveying air
stream

(2) Piping, tubing, hose, etc., used to provide the closed
pathway from the metering device to the AMS

(3) An AMS designed for the separation of comparatively
large amounts of material from the conveying air/gas
stream

(4) An additional metering device (typically a rotary airlock
valve or similar device) that might be used to allow
discharge of the separated material from the conveying
air stream without affecting the differential pressure of
the system

(b) An AMD designed to produce the necessary pressure
differential and air/gas flow in the system (positive or
negative)

A pneumatic conveying system requires the amount of mate-
rial conveyed by the system to be considered as a major factor
in the system pressure drop calculations. Both positive and
negative (i.e., vacuum) differential pressure are used for pneu-
matic conveying. The decision of which is the best for a specific
application should be based on a risk analysis, equipment
layout, and other system operational and cost factors. Dense
phase conveying can also be considered for the application,
especially with more hazardous materials (e.g., low MIE). The
inherent design and operational features of this approach can
provide significant safety and operational advantages over
other types of pneumatic conveying systems. [654, 2020]

A.4.1.1 The provisions of 4.1.1 do not require inherently
noncombustible materials to be tested in order to be classified
as noncombustible materials. [5000:A.7.1.4.1]

A.4.1.1.1(1) Examples of such materials include steel,
concrete, masonry, and glass. [5000:A.7.1.4.1.1(1)]

Shaded text = Revisions. A = Text deletions and figure/table revisions.

e = Section deletions. N = New material.

A.4.1.2 Material subject to increase in combustibility or flame
spread index beyond the limits herein established through the
effects of age, moisture, or other atmospheric condition is
considered combustible. (See NFPA 259 and NFPA 220.)
[5000:A.7.1.4.2]

A.4.2.1 Users should refer to the current edition of ACGIH
2098, Industrial Ventilation — A Manual of Recommended Practice
Jor Design, for the proper design of the system.

A.4.2.2 Materials, when mixed, should not create a fire, explo-
sion, or health hazard. For additional information, see ASTM
E2012, Standard Guide for the Preparation of a Binary Chemical
Compatibility Chart.

A A4.2.5 Capture, control, and conveying of materials are

achieved by inward airflow generated by the exhaust pickup or
intake, the intake velocity, and the duct velocity.

Capture velocities should be high enough to maintain
control of the material in order to accomplish the following:

(1) Convey the material to the intake opening

(2) Overcome thermal air currents from hot processes or
heat-generating operations

(3) Overcome air currents caused by grinding wheels and
belt conveyors

(4) Overcome air currents caused by dumping and filling
operations

(5) Overcome air currents caused by items such as pedestal
fans and other personnel cooling or heating devices.

Exhaust systems designed for gases, vapors, fumes, and fine
dust particles (20 microns or less) require intake velocities high
enough to offset air currents caused by room cross-drafts.

Duct velocities are determined by the type of material
conveyed (see Table A.4.2.5).

A.4.2.8 The design of the exhaust system should be coordina-
ted with the architectural and structural designs. The plans and
specifications should include a list of all equipment, giving
manufacturer and type number. Plans should be drawn to an
indicated scale and show all essential details as to location,
construction, ventilation ductwork, volume of outside air at
standard temperature and pressure introduced for safety venti-
lation, and control wiring diagrams. The details of the plan
should also include the following:

(1) Name of owner and occupant

(2) Location, including street address
(3) Point of compass

(4) Ceiling construction

(5) Full height cross-section

(6) Location of fire walls

(7) Location of partitions

(8) Materials of duct construction

A4.34.1 A 4in. (102 mm) drain with a capacity of approxi-
mately 150 gpm (565 L/min) is typically used. Other sizes are
acceptable when designed by knowledgeable contractors.

A.4.3.4.1.2 The preferred location for discharging the drain is
outdoors or to an existing waste drainage system.

A.4.4.1 Access into ducts is required to perform intended
inspection, to clean interior surfaces, and to service or replace
devices located inside the duct.
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A Table A.4.2.5 Range of Minimum Duct Design Velocities

Design Velocity
Nature of Contaminant Examples m,/min ft/min
Vapors, gases, smoke All vapors, gases, and smoke 305-610% 1000-2000*
Fumes Welding 610-763 2000-2500
Very fine light dust Cotton lint, wood flour, litho powder 763-915 2500-3000
Dry dusts and powders Fine rubber dust, phenol formaldehyde resin dust, 915-1220 3000-4000
jute lint, cotton dust, shavings (light), soap dust,
leather shavings
Average industrial dust Grinding dust, buffing lint (dry), wool jute dust 1068-1220 3500-4000
(shaker waste), coffee beans, shoe dust, granite
dust, silica flour, general material handling,
brick cutting, clay dust, foundry (general),
limestone dust, packaging and weighing asbestos
dust in textile industries
Heavy dusts Sawdust (heavy and wet), metal turnings, foundry 1220-1373 4000-4500
tumbling barrels and shake-out, sandblast dust,
wood blocks, hog waste, brass turnings, cast-iron
boring dust, lead dust
Heavy or moist dusts Lead dusts with small chips, moist cement dust, 1373 and up 4500 and up

asbestos chunks from transite pipe cutting
machines, buffing lint (sticky), quick-lime dust

Notes:

(1) The designer also must consider sticky or wet residues or particles, electrostatic effects, and so forth.
(2) For further information, refer to ACGIH 2098, Industrial Ventilation — A Manual of Recommended Practice for Design, published by the American

Conference of Governmental Industrial Hygienists (ACGIH).

*Any desired velocity (economic optimum velocity usually within this range).

Source: ACGIH 2098, Industrial Ventilation — A Manual of Recommended Practice for Design.

A.4.4.4 Closures should be constructed of compatible materi-
als and provide equivalent or greater corrosion resistance and
pressure rating equivalent to the duct.

A A4.5.1 “Inherently balanced” means the system has been

designed using the velocity pressure method described in
ACGIH 2098, Industrial Ventilation — A Manual of Recommended
Practice for Design.

A.4.5.2 The design of the pneumatic conveying, dust collec-
tion, or centralized vacuum cleaning system should be coordi-
nated with the architectural and structural designs. The plans
and specifications should include a list of all equipment, speci-
fying the manufacturer and type number, and the following
information:

(1) Name of owner and occupant

(2) Location, including street address
(3) Point of compass

(4) Ceiling construction

(5) Full-height cross section

(6) Location of fire walls

(7) Location of partitions

(8) Materials of construction

Plans should be drawn to an indicated scale and show all
essential details such as location, construction, ventilation duct-
work, volume of outside air at standard temperature and pres-
sure that is introduced for safety ventilation, and control wiring
diagrams.

2020 Edition

A.4.5.6 Building components include walls, floors, or roofs.

A A.4.5.7 For duct systems containing flammable or combustible

materials, an evaluation is necessary to determine adequate
exhaust stack termination design. Information on stack height
can be found in the ASHRAE Fundamentals Handbook, the
“Airflow Around Buildings” chapter, or ACGIH 2098, Industrial
Ventilation — A Manual of Recommended Practice for Design.

A.4.5.9 Dust collection systems and centralized vacuum clean-
ing systems handling combustible dusts usually use branched
duct networks with multiple pickup points and variable mate-
rial loading. In contrast, dilute phase and dense phase pneu-
matic conveying systems are typically linear systems with
controlled infeed and consistent material loading. Dust collec-
tion systems for combustible dusts represent a significant
increase in deflagration risk compared with most pneumatic
conveying systems. A properly designed system is critical to
minimizing that risk. For guidance on determining proper dust
collection system design, refer to ACGIH Industrial Ventilation:
A Manual of Recommended Practice for Design. [654:A.9.3.3.2.6.6]

A.4.5.10.2 When the materials cannot be enclosed at the
source, a local exhaust ventilation system can be used. Because
suction inlets have little directional effect beyond a few inches
from the inlet, they should be located to sweep the air and
minimize pockets that have no air movement. The location of
the air makeup system ductwork and discharge points provides
more uniform air movement.
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When the materials are heavier than air, the inlets should be
located near the floor. When the materials are lighter than air,
the inlets should be located near the ceiling of the room or
enclosure.

A.5.1.3 Properties that can affect the usability of plastic mate-
rials include, but are not limited to, the following:

(1) Thermal effects such as softening
(2) UV degradation

(3) Brittleness

(4) Static accumulation

(5) Combustibility

N A.6.2 Some systems are designed to operate at concentrations

that pose no fire or deflagration risk. Such systems include
nuisance dust exhaust systems and the downstream side of the
last AMS in the pneumatic conveying system. A threshold
concentration limit of 10 percent of the LFL or MEC has been
set to discriminate between such systems and other systems
designed to operate at a significant flammable gas or vapor,
mist, or combustible particulate solid loading. This limit
ensures that normal variations in processing conditions do not
result in the concentration approaching the LFL or MEC.

A.7.1.4 Performance monitoring devices include, but are not
limited to, pressure differential gauges and transmitters, motor
ammeters, and flow gauges.

A.7.2 Combustible particulate solids are outside the scope of
this document. If the system is handling a combustible particu-
late solid, refer to NFPA 654.

A.7.2.1 The slope of the hopper bottom should address mate-
rial properties such as material angle of repose, flow character-
istics, moisture level, and material separator geometry. Proper
slope angle will promote flow from the hopper by gravity alone.

A.7.2.2 Different particulates have different settling velocities,
particle sizes, and shapes, which necessitate specific collection
and separation technologies. It is important for the separator
to be designed for the particulate.

A.7.3.1 Examples include oil mist separators, electrostatic
separators, scrubbers, high efficiency air filtration units (roll or
cartridge media), cyclonic separators, and others.

A.8.2 See NFPA 77, and the AIChE publications by Britton,
Avoiding Static Ignition Hazards in Chemical Operations; and Pratt,
Electrostatic Ignitions of Fires and Explosions.

A.8.2.2 Bonding minimizes the potential difference between
conductive objects. Grounding minimizes the potential differ-
ence between objects and ground.

Using metal ducts with nonconductive plastic liners to
convey mists and particulate solids can create the potential for
electrostatic discharge sufficient to ignite conveyed materials or
shock personnel.

A.8.2.3 PVC and other nonconductive duct materials can
allow static accumulations and should be avoided. There are
some conductive or static dissipative plastics that can be consid-
ered where corrosion resistance is required.

N A.8.2.3.1(1) This requirement is intended to prevent ignition

of hybrid mixtures or flammable gas/vapor atmospheres by
brush discharges from nonconductive surfaces.
[652:A.9.4.7.1.2(1)]
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N A.8.2.3.1(2) This requirement is intended to prevent ignition
of combustible dusts by the isolation of conductive particulate
solids where they can accumulate charge and create capacitive
spark  discharges to grounded conductive objects.
[652:A.9.4.7.1.2(2) ]

N A.8.2.3.1(3) This requirement is intended to prevent ignition
of combustible dusts by capacitive sparks from isolated process
equipment. [652:A.9.4.7.1.2(3) ]

N A.8.2.3.1(4) This requirement is intended to prevent ignition
of combustible dusts by propagating brush discharges. Pneu-
matic conveying is an example of a process operation that can
generate high surface charging. [652:A.9.4.7.1.2(4)]

A.8.5.1 Magnets lose strength over time and should be
replaced as necessary.

A.8.6 Transmission of power by direct drive should be used
where possible in preference to belt or chain drives.

A.8.7 Consideration should be given to the potential for over-
heating caused by dust entry into bearings. Bearings should be
located outside the exhaust stream where they are less exposed
and more accessible for inspection and service. Where bearings
are in contact with particulate solid streams, sealed or purged
bearings are preferred.

A A9.1 For additional information on these topics, please see

the following NFPA standards:

(1) NFPA 11
(2) NFPA 12
(3) NFPA 12A
(4) NFPA 13
(5) NFPA 15
(6) NFPA 17

(7) NFPA 17A
(8) NFPA 750
(9) NFPA 2001

A.10.3 The required procedure and the minimum data neces-
sary for a thorough initial ventilation test are outlined as
follows:

(1) Review the system specifications and drawings to deter-
mine the relative location and sizes of ducts, fittings, and
associated system components.

(2) Inspect the system to determine that its installation is in
accordance with the specifications and drawings, and
check items such as fan rotation, belt slippage, damper
settings, and thermal overload sizes of starters.

(3) Make a single-line drawing of the installed system and
select and identify test locations.

(4) Measure the air volume, fan static pressure, motor rpm
and amperes, and the temperature of the air in the
system.

(5) Determine pressure drops across all components such as
air-cleaning equipment.

(6) Record the test data and design specifications.

(7) Compare the test data with design specifications and
determine if alterations or adjustments of the system are
necessary to meet specifications.

(8) If alterations or adjustments are made, retest the system
and record the final test data, noting any physical
changes that were made on the sketch.

(9) Provide a permanent label indicating fan data such as
static pressures, rpm, and motor current.
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(10) Lock all dampers and mark positions with permanent
marker.
(11) Retain test data sheets for the life of the system.

The field tests described in the preceding list pertain to air-
handling characteristics only. At times it is necessary or desira-
ble to conduct tests of the environment to determine if the
system is providing the desired environmental control. In these
cases, the services of a trained industrial hygienist would be
required.

For some tests, moisture content of the air in the system or
the ambient barometric pressure should be obtained.

All periodic measurements can also be made continuously by
means of an operating console or other remote readout system.

The value of obtaining ventilation test data is noted in the
following applications:

(1) To record the initial performance of the system and
determine if it is functioning in accordance with specifi-
cations

(2) To determine the degree of compliance with applicable
codes or trade association standards

(3) To provide data upon which to base any necessary
changes in the system

(4) To obtain data to assist in the design of future systems

(5) To determine whether the system has sufficient capacity
for additional ductwork or other alterations

(6) To obtain data through periodic checks to determine
when maintenance or repairs are necessary

A.10.3.4 The following procedure should be followed for
measurements needed to perform the periodic tests:

(1) Refer to the initial test data sheet for test locations.

(2) Inspect the system for physical damage (broken, corro-
ded, collapsed duct, etc.) and correct operation of
components (fan rotation, damper positions, air cleaner
condition, etc.).

(3) Measure static pressure at the same locations used in the
initial test.

(4) Compare measured static pressure recorded at the same
locations used in the initial test to the initial pressure
values.

(5) Make and record any corrections required.

(6) Recheck the system to verify performance if corrections
have been made.

A.10.4 Inspection should include hoods; enclosures; ducts;
duct connections; filtration system; blast gates locked in
marked positions; access openings closed and secured; air-
moving device inlets and outlets; air-moving device for belt
tension, vibration, and lubrication; and termination and adja-
cent surfaces.

Annex B Informational References

B.1 Referenced Publications. The documents or portions
thereof listed in this annex are referenced within the informa-
tional sections of this standard and are not part of the require-
ments of this document unless also listed in Chapter 2 for
other reasons.
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B.1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 1, Fire Code, 2018 edition.

NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam, 2016 edition.

NFPA 12, Standard on Carbon Dioxide Extinguishing Systems,
2018 edition.

NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems,
2018 edition.

NFPA 13, Standard for the Installation of Sprinkler Systems, 2019
edition.

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec-
tion, 2017 edition.

NFPA 17, Standard for Dry Chemical Extinguishing Systems, 2017
edition.

NFPA 17A, Standard for Wet Chemical Extinguishing Systems,
2017 edition.

NFPA 30, Flammable and Combustible Liquids Code, 2018
edition.

NFPA 30B, Code for the Manufacture and Storage of Aerosol Prod-
ucts, 2019 edition.

NFPA 32, Standard for Drycleaning Facilities, 2016 edition.

NFPA 33, Standard for Spray Application Using Flammable or
Combustible Materials, 2018 edition.

NFPA 34, Standard for Dipping, Coating, and Printing Processes
Using Flammable or Combustible Liquids, 2018 edition.

NFPA 35, Standard for the Manufacture of Organic Coatings,
2016 edition.

NFPA 36, Standard for Solvent Extraction Plants, 2017 edition.

NFPA 45, Standard on Fire Protection for Laboratories Using Chem-
icals, 2019 edition.

NFPA 61, Standard for the Prevention of Fires and Dust Explosions
in Agricultural and Food Processing Facilities, 2020 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2018 edition.

NFPA 77, Recommended Practice on Static Electricity, 2019
edition.

NFPA 85, Boiler and Combustion Systems Hazards Code, 2019
edition.

NFPA 86, Standard for Ovens and Furnaces, 2019 edition.
NFPA 92, Standard for Smoke Control Systems, 2018 edition.

NFPA 96, Standard for Ventilation Control and Fire Protection of
Commercial Cooking Operations, 2017 edition.

NFPA 120, Standard for Fire Prevention and Control in Coal
Mines, 2020 edition.

NFPA 204, Standard for Smoke and Heat Venting, 2018 edition.

NFPA 211, Standard for Chimneys, Fireplaces, Vents, and Solid
Fuel-Burning Appliances, 2019 edition.
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NFPA 220, Standard on Types of Building Construction, 2018
edition.

NFPA 259, Standard Test Method for Potential Heat of Building
Materials, 2018 edition.

NFPA 303, Fire Protection Standard for Marinas and Boatyards,
2016 edition.

NFPA 318, Standard for the Protection of Semiconductor Fabrica-
tion Facilities, 2018 edition.

NFPA 409, Standard on Aircraft Hangars, 2016 edition.
NFPA 484, Standard for Combustible Metals, 2019 edition.

NFPA 654, Standard for the Prevention of Fire and Dust Explosions
from the Manufacturing, Processing, and Handling of Combustible
Particulate Solids, 2020 edition.

NFPA 655, Standard for Prevention of Sulfur Fires and Explosions,
2017 edition.

NFPA 664, Standard for the Prevention of Fires and Explosions in
Wood Processing and Woodworking Facilities, 2020 edition.

NFPA 750, Standard on Water Mist Fire Protection Systems, 2019
edition.

NFPA 801, Standard for Fire Protection for Facilities Handling
Radioactive Materials, 2019 edition.

NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems,
2018 edition.

B.1.2 Other Publications.

B.1.2.1 ACGIH Publications. American Conference of
Governmental Industrial Hygienists, 1330 Kemper Meadow
Drive, Cincinnati, OH 45240-1634.

ACGIH 2098, Industrial Ventilation — A Manual of Recommen-
ded Practice for Design, 29th edition, 2016.

B.1.2.2 AIChE Publications. American Institute of Chemical
Engineers, 120 Wall Street, FL 23, New York, NY 10005-4020.

Britton, L.G., Avoiding Static Ignition Hazards in Chemical Oper-
ations, 1999.

Pratt, T. H., Electrostatic Ignitions of Fires and Explosions, 1997.
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B.1.2.3 ASHRAE Publications. American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Inc., 1791
Tullie Circle, N.E., Atlanta, GA 30329.

ASHRAE Fundamentals Handbook, 2017.

B.1.2.4 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM E2012, Standard Guide for the Preparation of a Binary
Chemical Compatibility Chart, 2006, reapproved 2012.

B.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.

ACGIH 2106, Industrial Ventilation — A Manual of Recommen-
ded Practice for Operation and Maintenance, 2007.

B.3 References for Extracts in Informational Sections.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2018 edition.

NFPA 329, Recommended Practice for Handling Releases of Flam-
mable and Combustible Liquids and Gases, 2020 edition.

NFPA 652, Standard on the Fundamentals of Combustible Dust,
2019 edition

NFPA 654, Standard for the Prevention of Fire and Dust Explosions
Jrom the Manufacturing, Processing, and Handling of Combustible
Particulate Solids, 2020 edition.

NFPA 5000°, Building Construction and Safety Code®, 2018
edition.
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