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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

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

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

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

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

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides should be aware that
these documents may be superseded at any time by the issuance of new editions or may be
amended from time to time through the issuance of Tentative Interim Amendments. An offi-
cial NFPA document at any point in time consists of the current edition of the document
together with any Tentative Interim Amendments and any Errata then in effect. In order to
determine whether a given document is the current edition and whether it has been amended
through the issuance of Tentative Interim Amendments or corrected through the issuance of
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription
Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed
below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Reg-
ulations Governing Committee Projects shall not be considered the official position of NFPA
or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal
Interpretation.

Patents

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

NFPA adheres to applicable policies of the American National Standards Institute with
respect to patents. For further information contact the NFPA at the address listed below.

Law and Regulations

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

Copyrights

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

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

For Further Information

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

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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Standard for

Ovens and Furnaces

2007 Edition

This edition of NFPA 86, Standard for Ovens and Furnaces, was prepared by the Technical
Committee on Ovens and Furnaces. It was issued by the Standards Council on July 28, 2006,
with an effective date of August 17, 2006, and supersedes all previous editions.

This edition of NFPA 86 was approved as an American National Standard on August 17,
2006.

Origin and Development of NFPA 86
The 1985 edition of NFPA 86 was the first and was created from the combination of the

former NFPA 86A, Standard for Ovens and Furnaces — Design, Location and Equipment, and
NFPA 86B, Standard for Industrial Furnaces — Design, Location and Equipment.

The committee introduced a change in the definition of Class A and Class B ovens, which
was published in the 1982 edition of NFPA 86B and that, as a tentative interim amendment in
1983, was included in the 1977 edition of NFPA 86A. The change in definitions eliminated the
principal differences in the two standards, except for the ventilation requirements contained
in NFPA 86A. By providing a separate chapter for ventilation requirements in the 1985 edition
(Chapter 5), it was no longer necessary or desirable to maintain two separate documents that
addressed the same subjects.

The changes that were incorporated in the 1985 edition included the following:

(1) A new chapter dealing with low-oxygen atmosphere ovens was added.
(2) The definitions of subjects contained in the text were updated and new definitions provided.
(3) Refinements in the text were made in an effort to make the document more understandable.
(4) The material was rearranged to comply with the NFPA Manual of Style.

The 1995 edition of NFPA 86 provided correlation with NFPA 86C, Standard for Industrial
Furnaces Using a Special Processing Atmosphere, and NFPA 86D, Standard for Industrial Furnaces
Using Vacuum as an Atmosphere. It also refined and updated the standard to more current
technologies, provided increased requirements in several areas, and expanded the explana-
tory material in the appendixes.

The 1999 edition of NFPA 86 included changes to the technical requirements in several areas.
Also included were many refinements to clarify the technical requirements. Changes were also
provided to more clearly distinguish mandatory requirements from nonmandatory recommenda-
tions and explanatory material. Nonmandatory notes were relocated to the appendixes.

The 2003 edition of NFPA 86 was a complete revision that incorporated NFPA 86C, Stan-
dard for Industrial Furnaces Using a Special Processing Atmosphere, and NFPA 86D, Standard for
Industrial Furnaces Using Vacuum as an Atmosphere, into NFPA 86. This new, combined docu-
ment provided one standard for ovens and furnaces of all types. In addition, the standard was
revised to comply with the Manual of Style for NFPA Technical Committee Documents. Chapter 2
now contains all referenced publications, and Chapter 3 contains all definitions.

The 2007 edition of NFPA 86 continues to bring the standard into compliance with the
Manual of Style for NFPA Technical Committee Documents and to update requirements where
needed, as follows:

(1) Requirements for logic systems and programmable logic controller–based systems were
provided to replace a requirement that programmable logic controllers be specifically
listed for combustion safety service. Listed controllers are no longer available.

(2) Unenforceable text was either revised to be enforceable, deleted, or relocated to Annex A.
(3) Where appropriate, repetitive text was replaced by a table.
(4) Coverage of operations and maintenance requirements throughout the standard were

relocated from former Chapter 14, Inspection, Testing and Maintenance. The chapter
was renamed Commissioning, Operations, Maintenance, Inspection, and Testing and
relocated to Chapter 7.
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Committee Scope: This Committee shall have primary responsibility for documents on safeguarding against
fire and explosion hazards associated with industrial ovens, furnaces, and related equipment that are used in
the processing of combustible or noncombustible materials in the presence of air, vacuum, or other special
atmospheres and are heated by electricity, fossil fuels, or other heating sources.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

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

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

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex M. 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 interpreta-
tions or revisions of extracted text shall be sent to the techni-
cal committee responsible for the source document.

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

Chapter 1 Administration

1.1* Scope.

1.1.1 This standard applies to Class A, Class B, Class C, and
Class D ovens, dryers, and furnaces, thermal oxidizers, and any
other heated enclosure used for processing of materials and
related equipment.

1.1.1.1 The terms ovens, dryers, and furnaces are used inter-
changeably and also apply to other heated enclosures used for
processing of materials.

1.1.2* Within the scope of this standard, a Class A, Class B, or
Class C oven is any heated enclosure operating at approxi-
mately atmospheric pressure and used for commercial and
industrial processing of materials.

1.1.3 A Class A oven can utilize a low-oxygen atmosphere.

1.1.4 This standard applies to bakery ovens and Class A ovens,
in all respects, and where reference is made to ANSI Z50.1,
Bakery Equipment — Safety Requirements, those requirements
shall apply to bakery oven construction and safety.

1.1.5 This standard applies to atmosphere generators and
atmosphere supply systems serving Class C furnaces and to
furnaces with integral quench tanks or molten salt baths.

1.1.6* This standard applies to Class D ovens and furnaces
operating above ambient temperatures to over 5000°F
(2760°C) and at pressures normally below atmospheric to 10−8

torr (1.33 × 10−6 Pa).

1.1.7 This standard does not apply to the following:

(1) Coal or other solid fuel-firing systems
(2) Listed equipment with a heating system(s) that supplies a

total input not exceeding 150,000 Btu/hr (44 kW)

1.2 Purpose. This standard provides the requirements for fur-
naces to minimize the fire and explosion hazards that can en-
danger the furnace, the building, or personnel.

1.3 Application.

1.3.1* This entire standard shall apply to new installations or
to alterations or extensions to existing equipment.

1.3.2 The requirements of Chapters 1 through 9 shall apply
to equipment described in subsequent chapters except as
modified by those chapters.

1.3.3 Sections 7.3 and 7.4 shall apply to all operating furnaces.

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

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

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

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

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

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

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

1.6 Units and Formulas.

1.6.1 SI Units. Metric units of measurement in this standard
are in accordance with the modernized metric system known
as the International System of Units (SI).

1.6.2 Primary and Equivalent Values. If a value for a measure-
ment as given in this standard is followed by an equivalent
value in other units, the first stated value shall be regarded as the
requirement. A given equivalent value might be approximate.
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1.6.3 Conversion Procedure. SI units have been converted by
multiplying the quantity by the conversion factor and then
rounding the result to the appropriate number of significant
digits.

Chapter 2 Referenced Publications

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

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

NFPA 10, Standard for Portable Fire Extinguishers, 2007 edition.
NFPA 11, Standard for Low-, Medium-, and High-Expansion

Foam, 2005 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems,

2005 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2007

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

tion, 2007 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems,

2002 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems,

2002 edition.
NFPA 25, Standard for the Inspection, Testing, and Maintenance

of Water-Based Fire Protection Systems, 2002 edition.
NFPA 30, Flammable and Combustible Liquids Code, 2003 edition.
NFPA 31, Standard for the Installation of Oil-Burning Equip-

ment, 2006 edition.
NFPA 54, National Fuel Gas Code, 2006 edition.
NFPA 55, Standard for the Storage, Use, and Handling of Com-

pressed Gases and Cryogenic Fluids in Portable and Stationary Con-
tainers, Cylinders, and Tanks, 2005 edition.

NFPA 58, Liquefied Petroleum Gas Code, 2004 edition.
NFPA 70, National Electrical Code®, 2005 edition.
NFPA 79, Electrical Standard for Industrial Machinery, 2007

edition.
NFPA 91, Standard for Exhaust Systems for Air Conveying of

Vapors, Gases, Mists, and Noncombustible Particulate Solids, 2004
edition.

NFPA 750, Standard on Water Mist Fire Protection Systems, 2006
edition.

2.3 Other Publications.

2.3.1 ANSI Publications. American National Standards Insti-
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSI Z50.1, Bakery Equipment — Safety Requirements, 2000.

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

ASME Boiler and Pressure Vessel Code, 2004.

ASME B31.1, Power Piping, 2004.

ASME B31.3, Process Piping, 2002.

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

ASTM D 396, Standard Specifications for Fuel Oils, 2005.

2.3.4 CGA Publications. Compressed Gas Association, 4221
Walney Road, 5th Floor, Chantilly, VA 20151-2923.

CGA G-4.1, Cleaning Equipment for Oxygen Service, 2004.

2.3.5 Other Publications.

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

2.4 References for Extracts in Mandatory Sections.

NFPA 54, National Fuel Gas Code, 2006 edition.
NFPA 69, Standard on Explosion Prevention Systems, 2002

edition.
NFPA 70, National Electrical Code®, 2005 edition.
NFPA 99, Standard for Health Care Facilities, 2005 edition.
NFPA 211, Standard for Chimneys, Fireplaces, Vents, and Solid

Fuel–Burning Appliances, 2006 edition.
NFPA 820, Standard for Fire Protection in Wastewater Treatment

and Collection Facilities, 2003 edition.

Chapter 3 Definitions

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

3.2 NFPA Official Definitions.

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

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

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

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

3.2.5 Shall. Indicates a mandatory requirement. .

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

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate re-
quirements and which is in a form generally suitable for manda-
tory reference by another standard or code or for adoption into
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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 Afterburner. See 3.3.46.2.1.

3.3.2 Air.

3.3.2.1 Combustion Air. The air necessary to provide for
the complete combustion of fuel and usually consisting of
primary air, secondary air, and excess air. [211, 2006]

3.3.2.2 Primary Air. All air supplied through the burner.

3.3.2.3 Reaction Air. All the air that, when reacted with gas
in an endothermic generator by the indirect addition of
heat, becomes a special atmosphere gas.

3.3.2.4 Secondary Air. All the combustion air that is inten-
tionally allowed to enter the combustion chamber in excess
of primary air.

3.3.3 Automatic Fire Check. A flame arrester equipped with a
check valve to shut off the fuel gas supply automatically if a
backfire occurs.

3.3.4 Backfire Arrester. A flame arrester installed in fully pre-
mixed air–fuel gas distribution piping to terminate flame
propagation therein, shut off fuel supply, and relieve pressure
resulting from a backfire.

3.3.5 Burner. A device or group of devices used for the intro-
duction of fuel, air, oxygen, or oxygen-enriched air into a fur-
nace at the required velocities, turbulence, and concentration
to maintain ignition and combustion of fuel.

3.3.5.1 Atmospheric Burner. A burner used in a low-
pressure fuel gas or atmospheric system that requires sec-
ondary air for complete combustion.

3.3.5.2 Atomizing Burner. A burner in which oil is divided
into a fine spray by an atomizing agent, such as steam or air.

3.3.5.3 Blast Burner. A burner delivering a combustible
mixture to the combustion zone under a pressure that is
normally above 0.3 in. w.c. (75 kPa).

3.3.5.4 Combination Fuel Gas and Oil Burner. A burner de-
signed to burn either fuel gas or oil or to burn both simul-
taneously.

3.3.5.5 Dual-Fuel Burner. A burner designed to burn ei-
ther fuel gas or oil but not to burn both simultaneously.

3.3.5.6 Line Burner. A burner whose flame is a continuous
line.

3.3.5.7 Multiple-Port Burner. A burner having two or more
separate discharge openings or ports.

3.3.5.8 Nozzle Mixing Burner. A burner in which the fuel
and air are introduced separately to the point of ignition.

3.3.5.9 Premix Burner. A burner in which the fuel and air
are mixed prior to the point of ignition.

3.3.5.10 Pressure Atomizing Burner. An atomizing burner
in which oil under high pressure is forced through small
orifices to emit liquid fuel in a finely divided state.

3.3.5.11 Radiant Burner. Aburner designed to transfer a sig-
nificant part of the combustion heat in the form of radiation.

3.3.5.12 Radiant Tube Burner. A burner designed to pro-
vide a long flame within a tube to ensure substantially uni-
form radiation from the tube surface.

3.3.5.13 Rotary Atomizing Burner. An atomizing burner in
which oil is atomized by applied centrifugal force, such as
by a whirling cone or plate.

3.3.5.14 Self-Piloted Burner. A burner in which the pilot
fuel is issued from the same ports as the main flame or
merges with the main flame to form a common flame enve-
lope with a common flame base.

3.3.6 Burner System. One or more burners operated as a unit
by a common safety shutoff valve(s).

3.3.7 Burner Turndown. The ratio of maximum to minimum
burner fuel-input rates.

3.3.8 Burn-In. The procedure used in starting up a special
atmosphere furnace to replace air within the heating cham-
ber(s) and vestibule(s) with flammable special atmosphere.

3.3.9 Burn-Out. The procedure used in shutting down or
idling a special atmosphere to replace flammable atmosphere
within the heating chamber(s) and vestibule(s) with nonflam-
mable atmosphere.

3.3.10 Combustion Safeguard. A safety control directly re-
sponsive to flame properties that senses the presence or ab-
sence of flame and de-energizes the fuel safety valve in the
event of flame failure.

3.3.11 Combustion Safety Circuitry. That portion of the oven
control circuitry that contains the contacts, arranged in series
ahead of the safety shutoff valve(s) holding medium, for the
required safety interlocks and the excess temperature limit
controller(s).

3.3.12 Controller.

3.3.12.1 Continuous Vapor Concentration Controller. A de-
vice that measures, indicates, and directly or indirectly con-
trols the concentration of a flammable vapor-air mixture as
expressed in percentage of the lower explosive limit (LEL).

3.3.12.2 Continuous Vapor Concentration High-Limit Control-
ler. A device designed to initiate reduction of the vapor
concentration if the concentration exceeds a predeter-
mined set point.

3.3.12.3 Excess Temperature Limit Controller. A device de-
signed to cut off the source of heat if the operating tem-
perature exceeds a predetermined temperature set point.

3.3.12.4 Programmable Controller. A digital electronic sys-
tem designed for use in an industrial environment that
uses a programmable memory for the internal storage of
user-oriented instructions for implementing specific func-
tions to control, through digital or analog inputs and out-
puts, various types of machines or processes.

3.3.12.5 Temperature Controller. A device that measures
the temperature and automatically controls the input of
heat into the furnace.

3.3.13* Cryogenic Fluid. A fluid produced or stored at very
low temperatures.

3.3.14* Cut-Away Damper. A restricting airflow device that,
when placed in the maximum closed position, allows a mini-
mum amount of airflow past the restriction.
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3.3.15 Direct-Fired Air Makeup Unit. A Class B fuel-fired heat
utilization unit operating at approximately atmospheric pres-
sure used to heat outside replacement air for the process.

3.3.16* Explosion-Resistant (Radiant Tube). A radiant tube or
radiant tube heat recovery system that does not fail cata-
strophically when subjected to the maximum deflagration
pressure caused by the ignition of an accumulation of a sto-
ichiometric mixture of the selected fuel(s) and air.

3.3.17* Explosive Range. The range of concentration of a
flammable gas in air within which a flame can be propagated,
with the lowest flammable concentration known as the lower
explosive limit (LEL), and the highest flammable concentra-
tion known as the upper explosive limit (UEL).

3.3.18 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. [69, 2002]

3.3.19* Flame Propagation Rate. The speed at which a flame
progresses through a combustible fuel-air mixture.

3.3.20* Flame Rod. A detector that employs an electrically
insulated rod of temperature-resistant material that extends
into the flame being supervised, with a voltage impressed be-
tween the rod and a ground connected to the nozzle or
burner.

3.3.21 Fuel Gas. A gas used as a fuel source, including natu-
ral gas, manufactured gas, sludge gas, liquefied petroleum gas-
air mixtures, liquefied petroleum gas in the vapor phase, and
mixtures of these gases. [820, 2003]

3.3.22 Fuel Gas System.

3.3.22.1 High Pressure Fuel Gas System. A fuel gas system
using the kinetic energy of a jet of 1 psig (7 kPa) or higher
gas pressure to entrain from the atmosphere all, or nearly
all, the air required for combustion.

3.3.22.2 Low Pressure or Atmospheric Fuel Gas System. A fuel
gas system using the kinetic energy of a jet of less than 1
psig (7 kPa) gas pressure to entrain from the atmosphere a
portion of the air required for combustion.

3.3.23 Fuel Oil. Grades 2, 4, 5, or 6 fuel oils as defined in
ASTM D 396, Standard Specifications for Fuel Oils.

3.3.24 Fume Incinerator. Any separate or independent com-
bustion equipment or device that entrains the process exhaust
for the purpose of direct thermal or catalytic destruction,
which can include heat recovery.

3.3.25 Furnace.

3.3.25.1 Atmosphere Furnace. A furnace built to allow heat
processing of materials in a special processing atmosphere.

3.3.25.2 Batch Furnace. A furnace into which the work
charge is introduced all at once.

3.3.25.3* Class A Furnace. An oven or furnace that has heat
utilization equipment wherein there is a potential explo-
sion or fire hazard that could be occasioned by the pres-
ence of flammable volatiles or combustible materials pro-
cessed or heated in the furnace.

3.3.25.4 Class B Furnace. An oven or furnace that has heat
utilization equipment wherein there are no flammable
volatiles or combustible materials being heated.

3.3.25.5* Class C Furnace. An oven or furnace that has a
potential hazard due to a flammable or other special atmo-
sphere being used for treatment of material in process.

3.3.25.6* Class D Furnace. An oven or furnace that is a
pressure vessel that operates under vacuum for all or part
of the process cycle.

3.3.25.7 Continuous Furnace. A furnace into which the
work charge is more or less continuously introduced.

3.3.25.8 Molten Salt Bath Furnace. A furnace that employs
salts heated to a molten state, excluding aqueous alkaline
baths, hot brine, or other systems utilizing salts in solution.

3.3.25.9 Plasma Arc Furnace. A furnace that employs the
passage of an electric current between a pair of electrodes,
or between electrodes and the work, and ionizes a gas
(such as argon) and transfers energy in the form of heat.

3.3.26 Gas.

3.3.26.1 Ballast Gas. Atmospheric air or a dry gas that is
admitted into the compression chamber of rotary mechani-
cal pumps to prevent condensation of vapors in the pump
oil by maintaining the partial pressure of the condensable
vapors below the saturation value.

3.3.26.2 Inert Gas. See 3.3.62.5, Inert Special Atmosphere
(Purge Gas).

3.3.26.3 Reaction Gas. A gas that, when reacted with air in
an endothermic generator by the addition of heat, be-
comes a special atmosphere gas.

3.3.27 Gas Analyzer. A device that measures concentrations,
directly or indirectly, of some or all components in a gas or
mixture.

3.3.28* Gas Quenching. The introduction of a gas into a fur-
nace for the purpose of cooling the work.

3.3.28.1 High Pressure Gas Quenching. Gas-cooling at pres-
sures greater than 15 psig.

3.3.29 Guarded. Covered, shielded, fenced, enclosed, or oth-
erwise protected by means of suitable covers, casings, barriers,
rails, screens, mats, or platforms to remove the likelihood of
approach or contact by persons or objects to a point of danger.
[70, 2005]

3.3.30 Heating System.

3.3.30.1* Dielectric Heating System. A heating system simi-
lar to an induction heater, but using frequencies that gen-
erally are higher (3 MHz or more) than those used in in-
duction heating.

3.3.30.2 Direct-Fired External Heating System. A heating sys-
tem in which the burners are in a combustion chamber
effectively separated from the work chamber and arranged
so that products of combustion from the burners are dis-
charged into the work chamber by a circulating fan or
blower.

3.3.30.3* Direct-Fired Heating System. A heating system in
which the products of combustion enter the work chamber.

3.3.30.4 Direct-Fired Internal Heating System. A heating sys-
tem in which the burners are located within the work
chamber.
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3.3.30.5 Indirect-Fired Heating System. A heating system in
which the products of combustion do not enter the work
chamber.

3.3.30.6* Indirect-Fired Internal Heating System. A heating
system of gastight radiators containing burners not in con-
tact with the oven atmosphere.

3.3.30.7* Induction Heating System. A heating system by
means of which a current-carrying conductor induces the
transfer of electrical energy to the work by eddy currents.

3.3.30.8 Radiant Tube Heating System. A heating system
with tubular elements open at one or both ends in which
each tube has an inlet burner arrangement where combus-
tion is initiated, a suitable length where combustion oc-
curs, and an outlet for the combustion products formed.

3.3.30.9* Resistance Heating System. A heating system in
which heat is produced by current flow through a resistive
conductor.

3.3.30.10 Tubular Heating System. A radiant heating sys-
tem in which resistive conductors are enclosed in glass,
quartz, or ceramic envelopes that can contain a special gas
atmosphere.

3.3.31 Ignition Temperature. The lowest temperature at
which a gas-air mixture can ignite and continue to burn; also
referred to as autoignition temperature.

3.3.32* Implosion. The rapid inward collapsing of the walls of
a vacuum component or device as the result of failure of the
walls to sustain the atmospheric pressure.

3.3.33 Interlock.

3.3.33.1 Proved Low-Fire Start Interlock. A burner start in-
terlock in which a control sequence ensures that a high–
low or modulated burner is at a reduced firing rate for
reliable ignition before the burner can be ignited.

3.3.33.2 Safety Interlock. A device required to ensure safe
start-up and safe operation and to cause safe equipment
shutdown.

3.3.34* Limiting Oxidant Concentration (LOC). The concen-
tration of oxidant below which a deflagration cannot occur.

3.3.35 LOC. See 3.3.34, Limiting Oxidant Concentration
(LOC).

3.3.36 Lower Explosive Limit (LEL). See 3.3.17, Explosive
Range.

3.3.37 Mixer.

3.3.37.1* Air Jet Mixer. A mixer using the kinetic energy of
a stream of air issuing from an orifice to entrain the fuel gas
required for combustion.

3.3.37.2 Air–Fuel Gas Mixer. A mixer that combines air
and fuel gas in the proper proportion for combustion.

3.3.37.3 Gas Jet Mixer [Atmospheric Inspirator (Venturi)
Mixer]. A mixer using the kinetic energy of a jet of fuel gas
issuing from an orifice to entrain all or part of the air re-
quired for combustion.

3.3.37.4 Proportional Mixer. A mixer comprised of an in-
spirator that, when supplied with air, draws all the fuel gas
necessary for combustion into the airstream, and a gover-
nor, zero regulator, or ratio valve that reduces incoming
fuel gas pressure to approximately atmospheric.

3.3.38 Mixing Blower. A motor-driven blower to supply air–
fuel gas mixtures for combustion through one or more fuel
burners or nozzles on a single-zone industrial heating appli-
ance or on each control zone of a multizone installation. Mix-
ing machines operated at 10 in. w.c. (2.49 kPa) or less static
pressure are considered mixing blowers.

3.3.39 Mixing Machine. An externally powered mechanical
device that mixes fuel and air, and compresses the resultant
mixture to a pressure suitable for delivery to its point of use.

3.3.40 Molten Bath Salt. See 3.3.25.8, Molten Salt Bath
Furnace.

3.3.41 Muffle. An enclosure within a furnace to separate the
source of heat from the work and from any special atmosphere
that might be required for the process.

3.3.42 Oil Separator. An oil reservoir with baffles used to
minimize the discharge of oil mist from the exhaust of a rotary
mechanical vacuum pump.

3.3.43 Operator. An individual trained and responsible for
the start-up, operation, shutdown, and emergency handling of
the furnace and associated equipment.

3.3.44 Outgassing. The release of adsorbed or occluded
gases or water vapor, usually by heating, such as from a
vacuum tube or other vacuum system.

3.3.45 Oven. See 3.3.25.1 through 3.3.25.9, Furnace defi-
nitions.

3.3.45.1* Low-Oxygen Oven. An oven that utilizes a low-
oxygen atmosphere to evaporate solvent to facilitate sol-
vent recovery.

3.3.46 Oxidizer.

3.3.46.1 Catalytic Oxidizer. See 3.3.46.2, Thermal Oxidizer.

3.3.46.1.1 Direct Catalytic Oxidizer. A combustion system
in which the burner(s) directly heats volatile organic com-
pounds (VOCs) or hydrocarbons (HCs) to the destruction
temperature, prior to their introduction to a destruction cata-
lyst, without heat recovery to the incoming gases, and in
which the catalytic destruction temperature is lower than the
non-catalytic (direct thermal) destruction temperature.

3.3.46.1.2 Recuperative Catalytic Oxidizer. A combustion
system in which the burner(s) directly heats VOCs or HCs
to the catalytic destruction temperature prior to their in-
troduction to a destruction catalyst, after which products of
combustion are used to indirectly heat the incoming gas
stream before it contacts the burner flame, and in which
the catalytic destruction temperature is lower than the non-
catalytic (direct thermal) destruction temperature.

3.3.46.1.3 Regenerative Catalytic Oxidizer (RCO). A com-
bustion system in which the burner(s) directly heats VOCs
or HCs after the gas stream is preheated to the destruction
temperature by the periodic flow reversal of the gas stream
through beds of ceramic heat recovery media with a coating
or layer of catalyst that are alternately heated by the product
gases during an exhaust cycle and then have given up their
heat to the incoming reactant gases during an inlet cycle.

3.3.46.2 Thermal Oxidizer. An independently controlled,
enclosed combustion system whose purpose is to destroy
VOC, HC gases or vapors, or both, using elevated tempera-
ture, residence time, mixing, excess oxygen, and, in some
cases, catalysts.
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3.3.46.2.1 Afterburner (Direct Thermal Oxidizer). A direct
thermal oxidizer, installed in series and downstream of pro-
cess equipment, that generates VOC or HC; also referred
to as secondary combustion chamber.

3.3.46.2.2 Direct Thermal Oxidizer. A combustion system in
which the burner(s) directly heats VOCs or HCs to the de-
struction temperature without heat recovery to the incom-
ing gases.

3.3.46.2.3 Flameless Thermal Oxidizer. A direct recupera-
tive or regenerative combustion system in which the burn-
er(s) preheats the heat storage media prior to the introduc-
tion of VOCs or HCs and in which, subsequently, the
destruction is carried out in the interstices of the heat stor-
age media in a flameless, self-sustaining manner.

3.3.46.2.4 Recuperative Thermal Oxidizer. A combustion
device in which the burner(s) directly heats VOCs or HCs
to the destruction temperature and in which the hot prod-
ucts of combustion are used to indirectly heat the incom-
ing gas stream before it contacts the burner flame.

3.3.46.2.5 Regenerative Thermal Oxidizer. A combustion
device in which the burner(s) directly heats VOCs or HCs
after the gas stream is preheated to the destruction tem-
perature by the periodic flow reversal of the gas stream
through heat storage media that alternately have been
heated by the product gases during an exhaust cycle and
then have given up their heat to the incoming reactant
gases during an inlet cycle.

3.3.47 Partial Pressure. The pressure, in absolute units, ex-
erted by a particular gas in a gas mixture. [99, 2005]

3.3.48 Pilot. A flame that is used to light the main burner.

3.3.48.1 Burn-off Pilot. A pilot that ignites the flame cur-
tain or special processing atmosphere discharging from
the furnace or generator.

3.3.48.2 Continuous Pilot. A pilot that burns throughout
the entire period that the heating equipment is in service,
regardless of whether the main burner is firing.

3.3.48.3 Intermittent Pilot. A pilot that burns during light-
off and while the main burner is firing.

3.3.48.4 Interrupted Pilot. A pilot that is ignited and burns
during light-off and is automatically shut off at the end of
the trial-for-ignition period of the main burner(s).

3.3.48.5 Proved Pilot. A pilot whose flame is supervised by
a combustion safeguard that senses the presence of the pi-
lot flame.

3.3.49 Pilot Flame Establishing Period. The interval of time
during light-off that a safety-control circuit allows the pilot fuel
safety shutoff valve to remain open before the combustion
safeguard proves the presence of the pilot flame.

3.3.50 Plasma Arc. A heating process in which an ionized gas,
such as nitrogen or argon, is used to conduct electrical current.

3.3.51 Pressure Regulator. A device placed in a gas line for re-
ducing, controlling, and maintaining the pressure in that por-
tion of the piping system downstream of the device. [54, 2006]

3.3.52 Proven Ventilation. A supply of fresh air to, and ex-
haust from, a furnace that provides a vigorous, distributed
flow of air through all sections of the furnace, such that flam-
mable vapor concentrations in all parts of the furnace or fur-

nace enclosure are maintained below the lower explosive limit
at all times.

3.3.53 Pump.

3.3.53.1 Diffusion Pump. A vacuum pump in which a stream
of heavy molecules, such as those of mercury or oil vapor,
carries gas molecules out of the volume being evacuated.

3.3.53.2 Gas Ballast Pump. A mechanical pump (usually of
the rotary type) that uses oil to seal the clearances between
the stationary and rotating compression members. The
pump is equipped with an inlet valve through which a suit-
able quantity of atmospheric air or “dry” gas (ballast gas)
can be admitted into the compression chamber to prevent
condensation of vapors in the pump oil by maintaining the
partial pressure of the condensable vapors in the oil below
the saturation value (sometimes called a vented-exhaust me-
chanical pump).

3.3.53.3 Holding Pump. A backing (fore) pump used to
hold a diffusion pump at efficient operating conditions
while a roughing pump reduces system pressure to a point
at which a valve between the diffusion pump and the system
can be opened without stopping the flow of vapor from the
nozzles.

3.3.53.4 Rotary Blower Pump. A pump without a discharge
valve that moves gas by the propelling action of one or
more rapidly rotating members provided with lobes,
blades, or vanes; also referred to as mechanical booster pump
where used in series with a mechanical backing (fore)
pump.

3.3.53.5* Roughing Pump. The pump used to reduce the
system pressure to the level at which a diffusion or other
vacuum pump can operate.

3.3.53.6 Vacuum Pump. A compressor for exhausting air
and noncondensable gases from a space that is to be main-
tained at subatmospheric pressure.

3.3.54 Pump-Down Factor. The product of the time to pump
down to a given pressure and the displacement (for a service
factor of 1) divided by the volume of the system (F = tD/V).

3.3.55 Pump Fluid. The operating fluid used in diffusion
pumps or in liquid-sealed mechanical pumps (sometimes
called working medium, working fluid, or pump oil).

3.3.56 Purge. The replacement of a flammable, indetermi-
nate, or high-oxygen-bearing atmosphere with another gas
that, when complete, results in a nonflammable final state.

3.3.57 Roughing Line. A line running from a mechanical
pump to a vacuum chamber through which preliminary
pumping is conducted to a vacuum range at which a diffusion
pump or other high vacuum pump can operate.

3.3.58 Safe-Start Check. A checking circuit incorporated in a
safety-control circuit that prevents light-off if the flame-
sensing relay of the combustion safeguard is in the unsafe
(flame-present) position due to component failure within the
combustion safeguard or due to the presence of actual or
simulated flame.

3.3.59* Safety Device. An instrument, a control, or other
equipment that acts, or initiates action, to cause the furnace to
revert to a safe condition in the event of equipment failure or
other hazardous event.
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3.3.60 Safety Relay. A relay listed for safety service.

3.3.61 Scf. One cubic foot of gas at 70°F (21°C) and 14.7 psia
(an absolute pressure of 101 kPa).

3.3.62 Special Atmosphere. A prepared gas or a gas mixture
that is introduced into the work chamber of a furnace to replace
air, generally to protect or intentionally change the surface of the
material undergoing heat processing (heat treatment).

3.3.62.1 Carrier Gas Special Atmosphere. A gas or liquid
component of a special atmosphere that represents a suffi-
cient portion of the special atmosphere gas volume in the
furnace so that, if the flow of the gas or liquid component
ceases, the total flow of the special atmosphere in the fur-
nace is not sufficient to maintain a positive pressure in the
furnace.

3.3.62.2 Flammable Special Atmosphere. A special atmo-
sphere in which gases are known to be flammable and pre-
dictably ignitable where mixed with air.

3.3.62.3 Generated Special Atmosphere. A special atmo-
sphere created in an ammonia dissociator, exothermic
generator, or endothermic generator by dissociation or
chemical reaction of reaction air and reaction gas.

3.3.62.4 Indeterminate Special Atmosphere. A special atmo-
sphere that contains components that, in their pure state,
are flammable but that, in the mixtures used (diluted with
nonflammable gases), are not reliably and predictably
flammable.

3.3.62.5 Inert Special Atmosphere (Purge Gas). A special at-
mosphere of nonflammable gases that contains less than
1 percent oxygen.

3.3.62.6 Nonflammable Special Atmosphere. A special atmo-
sphere of gases that are known to be nonflammable at any
temperature.

3.3.62.7 Synthetic Special Atmosphere. A special atmo-
sphere such as those of anhydrous ammonia, hydrogen,
nitrogen, or inert gases obtained from compressed gas cyl-
inders or bulk storage tanks and those derived by chemical
dissociation or mixing of hydrocarbon fluids, including
mixtures of synthetic and generated atmospheres.

3.3.63 Supervised Flame. A flame whose presence or absence
is detected by a flame sensor connected to a combustion safe-
guard.

3.3.64 Switch.

3.3.64.1 Closed Position Indicator Switch. A switch that indi-
cates when a valve is within 0.040 in. (1 mm) of its closed
position but does not indicate proof of closure.

3.3.64.2 Differential Flow Switch. A switch that is activated
by the flow of a gaseous or liquid fluid. This flow is detected
by measuring pressure at two different points to produce a
pressure differential across the sensor.

3.3.64.3 Flow Switch. A switch that is activated by the flow
of a fluid in a duct or piping system.

3.3.64.4 Limit Switch. A switch that actuates when an op-
erating limit has been reached.

3.3.64.5 Pressure Switch.

3.3.64.5.1 Atomizing Medium Pressure Switch. A pressure-
activated switch arranged to effect a safety shutdown or to

prevent the oil burner system from being actuated in the
event of inadequate atomizing medium pressure.

3.3.64.5.2 Combustion Air Pressure Switch. A pressure-
activated switch arranged to effect a safety shutdown or to
prevent the burner system from being actuated when the
combustion air pressure is below its design set point.

3.3.64.5.3 High Fuel Pressure Switch. A pressure-activated
switch arranged to effect a safety shutdown of the burner
system in the event of abnormally high fuel pressure.

3.3.64.5.4 Low Fuel Pressure Switch. A pressure-activated
switch arranged to effect a safety shutdown of the burner
system in the event of abnormally low fuel pressure.

3.3.64.6* Proof-of-Closure Switch. Non-field-adjustable
switch installed in a safety shutoff valve by the manufac-
turer that activates only after the valve is fully closed.

3.3.64.7 Rotational Switch. A switch that usually is driven
directly by the fan wheel or fan motor shaft and in which a
switch contact closes when the speed of the fan shaft or
drive motor reaches a certain predetermined rate.

3.3.65 Tank.

3.3.65.1 Integral Liquid or Salt Media Quench-Type Tank. A
quench-type tank connected to the furnace so that the
work is under a protective atmosphere from the time it
leaves the heating zone until it enters the tank containing a
combustible, noncombustible, or salt quench medium.

3.3.65.2 Open Liquid or Salt Media Quench-Type Tank. A
quench-type tank in which work from the furnace is ex-
posed to air before and upon entering the tank containing
a combustible, noncombustible, or salt quench medium.

3.3.66 Time.

3.3.66.1 Evacuation Time. The time required to pump a
given system from atmospheric pressure to a specified pres-
sure; also referred to as pump-down time or time of exhaust.

3.3.66.2 Roughing Time. The time required to pump a
given system from atmospheric pressure to a pressure at
which a diffusion pump or other high vacuum pump can
operate.

3.3.67 Trial-for-Ignition Period (Flame-Establishing Period).
The interval of time during light-off that a safety control cir-

cuit allows the fuel safety shutoff valve to remain open before
the combustion safeguard is required to supervise the flame.

3.3.68 Vacuum. A space in which the pressure is far below
atmospheric pressure so that the remaining gases do not affect
processes being carried out in the space.

3.3.68.1 High Vacuum. A vacuum with a pressure between
1 × 10−3 torr and 1 × 10−5 torr (millimeters of mercury).

3.3.68.2 Low Vacuum. A vacuum with a pressure between
760 torr and 1 × 10−3 torr (millimeters of mercury).

3.3.69 Vacuum Gauge. A device that indicates the absolute
gas pressure in a vacuum system.

3.3.70 Vacuum Pumping System. A system of pumps, valves
and associated piping and wiring, related protective equip-
ment, and measuring and control instrumentation that pro-
duce and control the level of vacuum in a vacuum furnace.

3.3.71 Vacuum System. A chamber with walls capable of with-
standing atmospheric pressure and an opening through
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which gas can be removed through a pipe or manifold to a
pumping system, and including all pumps, gauges, valves, and
other components.

3.3.72 Vacuum-Type Insulation. A highly reflective double-
wall structure with high vacuum between the walls; used as insu-
lation in cryogenic systems for the reduction of heat transfer.

3.3.73 Valve.

3.3.73.1 Air Inlet Valve. A valve used for letting atmo-
spheric air into a vacuum system. The valve also is called a
vacuum breaker.

3.3.73.2* Safety Shutoff Valve. A normally closed valve in-
stalled in the piping that closes automatically to shut off the
fuel, atmosphere gas, or oxygen in the event of abnormal
conditions or during shutdown.

3.3.74* Valve Proving System. A system used to check the clo-
sure of safety shutoff valves by detecting leakage.

3.3.75 Vent Limiter. A fixed orifice that limits the escape of
gas from a vented device into the atmosphere.

3.3.76 Water-Cooling System for Vacuum Furnaces. The appa-
ratus, equipment and method used to cool vacuum chamber
walls, electrical terminals, seals, workload, and the interior of
the furnace where applicable.

Chapter 4 General

4.1* Approvals, Plans, and Specifications.

4.1.1 Before new equipment is installed or existing equip-
ment is remodeled, complete plans, sequence of operations,
and specifications shall be submitted for approval to the au-
thority having jurisdiction.

4.1.1.1 Plans shall be drawn that show all essential details with
regard to location, construction, ventilation, piping, and elec-
trical safety equipment. A list of all combustion, control, and
safety equipment giving manufacturer and type number shall
be included.

4.1.1.2* Wiring diagrams and sequence of operations for all
safety controls shall be provided.

4.1.2 Any deviation from this standard shall require special
permission from the authority having jurisdiction.

4.1.3 Electrical.

4.1.3.1* All wiring shall be in accordance with NFPA 70, Na-
tional Electrical Code, NFPA 79, Electrical Standard for Industrial
Machinery, and as described hereafter.

4.1.3.2 Wiring and equipment installed in hazardous (classi-
fied) locations shall comply with the applicable requirements
of NFPA 70, National Electrical Code.

4.1.3.3* The installation of an oven in accordance with the
requirements of this standard shall not in and of itself require
a change to the classification of the oven location.

4.2 Safety Labeling.

4.2.1 A safety design data form, or nameplate, that states the
operating conditions for which the furnace system was de-
signed, built, altered, or extended shall be accessible to the
operator.

4.2.2 A warning label stating that the equipment shall be oper-
ated and maintained according to instructions shall be provided.

4.2.3 The warning label shall be affixed to the furnace or
control panel.

4.2.4* Safety Design Data Form for Solvent Atmosphere Ovens.

4.2.4.1 The safety design data form or nameplate for solvent
atmosphere ovens shall include all the following design data:

(1) Solvent used
(2) Number of gallons (liters) per batch or per hour of sol-

vent and volatiles entering the oven
(3) Required purge time
(4) Oven operating temperature
(5) Exhaust blower rating for the number of gallons (liters)

of solvent per hour or batch at the maximum operating
temperature

4.2.4.2 Low-Oxygen Ovens. The maximum allowable oxygen
concentration shall be included in place of the exhaust blower
ratings for low-oxygen ovens.

4.3 Pressure Vessels. All pressure vessels and heat exchangers
shall be designed, fabricated, and tested in accordance with
the ASME Boiler and Pressure Vessel Code, Section VIII.

Chapter 5 Location and Construction

5.1 Location.

5.1.1 General.

5.1.1.1* Furnaces and related equipment shall be located so as to
protect personnel and buildings from fire or explosion hazards.

5.1.1.2 Furnaces shall be located so as to be protected from
damage by external heat, vibration, and mechanical hazards.

5.1.1.3 Furnaces shall be located so as to make maximum use of
natural ventilation, to minimize restrictions to adequate explo-
sion relief, and to provide sufficient air supply for personnel.

5.1.1.4* Where furnaces are located in basements or enclosed
areas, sufficient ventilation shall be supplied so as to provide
required combustion air and to prevent the hazardous accu-
mulation of vapors.

5.1.1.5 Furnaces designed for use with special atmospheres
or fuel gas with a specific gravity greater than air shall be lo-
cated at or above grade and shall be located so as to prevent
the escape of the special atmosphere or fuel gas from accumu-
lating in basements, pits, or other areas below the furnace.

5.1.2 Structural Members of the Building.

5.1.2.1 Furnaces shall be located and erected so that the
building structural members are not affected adversely by the
maximum anticipated temperatures (see 5.1.4.3) or by the ad-
ditional loading caused by the furnace.

5.1.2.2 Structural building members shall not pass through
or be enclosed within a furnace.

5.1.3 Location in Regard to Stock, Processes, and Personnel.

5.1.3.1 Furnaces shall be located so as to minimize exposure
to power equipment, process equipment, and sprinkler risers.

5.1.3.2 Unrelated stock and combustible materials shall be
located at a distance from a furnace, a furnace heater, or duct-
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work so that the combustible materials will not be ignited, with
a minimum separation distance of 2.5 ft (0.8 m).

5.1.3.3 Furnaces shall be located so as to minimize exposure
of people to possible injury from fire, explosion, asphyxiation,
and hazardous materials and shall not obstruct personnel
travel to exitways.

5.1.3.4* Furnaces shall be designed or located so as to prevent
an ignition source to flammable coating dip tanks, spray
booths, and storage and mixing rooms for flammable liquids,
or to prevent exposure to flammable vapor or combustible
dusts.

5.1.3.5 The requirement of 5.1.3.4 shall not apply to integral
quench systems.

5.1.3.6 Equipment shall be protected from corrosive external
processes and environments, including fumes or materials
from adjacent processes or equipment that produce corrosive
conditions when introduced into the furnace environment.

5.1.4 Floors and Clearances.

5.1.4.1 Furnaces shall be located with space above and on all
sides for inspection and maintenance purposes.

5.1.4.2 In addition to the requirement of 5.1.4.1, provisions
shall be included for the installation of automatic sprinklers
and the functioning of explosion venting, if applicable.

5.1.4.3* Furnaces shall be constructed and located to keep
temperatures at combustible floors, ceilings, and walls less
than 160°F (71°C).

5.1.4.4 Where electrical wiring is present in floor channels,
the wiring shall be installed in accordance with NFPA 70, Na-
tional Electrical Code.

5.1.4.5 Floors in the area of mechanical pumps, oil burners,
or other equipment using oil shall be provided with a non-
combustible, nonporous surface to prevent floors from be-
coming soaked with oil.

5.2 Furnace Design.

5.2.1 Furnaces and related equipment shall be designed to
minimize the fire hazard inherent in equipment operating at
elevated temperatures.

5.2.2 Furnace components exposed simultaneously to el-
evated temperatures and air (oxygen) shall be constructed of
noncombustible material.

5.2.3* Furnace structural supports and material-handling
equipment shall be designed with the structural strength needed
to support the furnace and work when operating at maximum
operating conditions, including maximum temperature.

5.2.4 Furnaces shall withstand the strains imposed by expansion
and contraction, as well as static and dynamic mechanical load.

5.2.5 Heating devices and heating elements of all types shall
be constructed or located so as to resist mechanical damage
from falling work, material handling, or other mechanical
hazards.

5.2.6 Furnace and related equipment shall be designed
and located to provide access for required inspection and
maintenance.

5.2.6.1* Ladders, walkways, or access facilities shall be pro-
vided so that equipment can be operated or accessed for test-
ing and maintenance.

5.2.6.2 Means shall be provided for entry by maintenance
and other personnel.

5.2.7 Radiation shields, refractory material, and insulation
shall be retained or supported so they do not fall out of place
under designed use and maintenance.

5.2.8 External parts of furnaces that operate at temperatures
in excess of 160°F (71°C) shall be guarded by location, guard
rails, shields, or insulation to prevent accidental contact with
personnel.

5.2.8.1 Bursting discs or panels, mixer openings, or other
parts of the furnace from which flame or hot gases could be
discharged shall be located or guarded to prevent injury to
personnel.

5.2.8.2 Where impractical to provide adequate shields or
guards required by 5.2.8, warning signs or permanent floor mark-
ings visible to personnel entering the area shall be provided.

5.2.9 Observation ports or other visual means for observing
the operation of individual burners shall be provided and
shall be protected from radiant heat and physical damage.

5.2.10* Each portion of a closed cooling system that can ex-
ceed the design pressure shall be equipped with the following:

(1) Pressure relief
(2) Flow switches equipped with audible and visual alarms

5.2.11 Open cooling systems utilizing unrestricted sight
drains observable by the operator shall not require flow
switches.

5.2.12 Where a cooling system is critical to continued safe
operation of a furnace, the cooling system shall continue to
operate after a safety shutdown or power failure.

5.2.13* Furnaces shall be designed to minimize fire hazards
due to the presence of combustible products or residue in the
furnace.

5.2.14 Furnace hydraulic systems shall utilize either fire-
resistant fluids or flammable hydraulic fluids where approved
and failure of hydraulic system components cannot result in a
fire hazard.

5.2.15 The metal frames of furnaces shall be electrically
grounded.

5.2.16* Water-cooled components, such as vacuum vessels,
shall be designed with minimum wall thicknesses in accor-
dance with vessel standards.

5.2.17 A corrosion allowance shall be specified where appro-
priate.

5.2.18 The following criteria shall apply where a vacuum
chamber of a Class D furnace operates at a positive internal
pressure greater than 15 psig (103.4 kPa):

(1) The vacuum chamber shall be designed and constructed
in accordance with ASME Boiler and Pressure Vessel Code,
Section VIII, Division 1.

(2) The additional pressure due to water in the cooling jacket
shall be considered in calculating maximum pressure
differentials.

5.3 Explosion Relief.

5.3.1* Fuel-fired furnaces, and furnaces that contain flam-
mable liquids, gases, or combustible dusts, shall be equipped
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with unobstructed explosion relief for freely relieving internal
explosion pressures except in the following cases:

(1) Explosion relief shall not be required on furnaces with
shell construction having 3⁄16 in. (4.8 mm) or heavier steel
plate shells reinforced with structural steel beams and
buckstays that support and retain refractory or insulating
materials that are required for temperature endurance,
which makes them unsuitable for the installation of ex-
plosion relief.

(2) Explosion-relief panels shall not be required for low-
oxygen atmosphere ovens designed and protected in ac-
cordance with Section 10.2.

(3) The requirements for explosion relief shall not apply to
thermal oxidizers.

(4) The requirements for explosion relief shall not apply to
Class D furnaces.

(5) Explosion-relief panels shall not be required in the work
chamber of indirect fired ovens where it is demonstrated
by calculation that the combustible concentration in the
work chamber cannot exceed 25 percent of the lower ex-
plosive limit (LEL) under any conditions.

(6)*Explosion relief shall not be required for the combustion
chamber of an indirect fired oven that incorporates a
single combustion airflow path through the heat ex-
changer and does not recirculate the products of
combustion.

5.3.2 Explosion relief shall be designed as a ratio of relief
area to furnace volume.

5.3.2.1 The minimum design shall be at least 1 ft2 (0.093 m2)
of relief area for each 15 ft3 (0.424 m3) of furnace volume.

5.3.2.2 Hinged panels, openings, or access doors equipped
with approved explosion-relief hardware shall be permitted to
be included in the ratio of 1:15 specified in 5.3.2.1.

5.3.3 Explosion-relief vents shall be arranged so that, when
open, the full vent opening provides an effective relief area.

5.3.3.1 The operation of vents to their full capacity shall not
be obstructed.

5.3.3.2 Warning signs shall be posted on the vents.

5.3.4* Explosion-relief vent(s) shall be located as close as prac-
tical to each known source of ignition to minimize damage.

5.3.5 Explosion-relief vents shall be located or retained so
that personnel are not exposed to injury by operation of the
vents.

5.3.6* Where explosion relief is required, explosion-relief
vents shall activate at a surge pressure that does not exceed the
design pressure of the oven enclosure.

5.3.7* Explosion-relief vents for a long furnace shall be distrib-
uted throughout the entire furnace length with the maximum
distance between explosion-relief vents not to exceed five
times the oven’s smallest inside dimension (width or height).

5.4* Ventilation and Exhaust System.

5.4.1* Building Makeup Air. A quantity of makeup air shall be
admitted to oven rooms and buildings to provide the air vol-
ume required for oven safety ventilation and combustion air.

5.4.2 Fans and Motors.

5.4.2.1 Electric motors that drive exhaust or recirculating
fans shall not be located inside the oven or ductwork, except
within vacuum furnaces.

5.4.2.2 Oven recirculation and exhaust fans shall be de-
signed for the maximum oven temperature and for material
and vapors being released during the heating process.

5.4.3 Ductwork.

5.4.3.1 Ventilating and exhaust systems, where applicable,
shall be installed in accordance with Chapters 1 through 3 of
NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors,
Gases, Mists, and Noncombustible Particulate Solids, unless other-
wise noted in this standard.

5.4.3.2 Wherever furnace ducts or stacks pass through com-
bustible walls, floors, or roofs, noncombustible insulation or
clearance, or both, shall be provided to prevent combustible
surface temperatures from exceeding 160°F (71°C).

5.4.3.3* Where ducts pass through noncombustible walls,
floors, or partitions, the space around the duct shall be sealed
with noncombustible material to maintain the fire rating of
the barrier.

5.4.3.4 Ducts shall be constructed entirely of sheet steel or
other noncombustible material capable of meeting the in-
tended installation and conditions of service, and the installa-
tion shall be protected where subject to physical damage.

5.4.3.5 Access doors shall be provided to allow for inspection
and cleaning of the interior surfaces of ducts handling flam-
mable vapors or combustible solids.

5.4.3.6 No portions of the building shall be used as an inte-
gral part of the duct.

5.4.3.7* All ducts shall be made tight throughout and shall
have no openings other than those required for the operation
and maintenance of the system.

5.4.3.8 All ducts shall be braced where required and shall be
supported by metal hangers or brackets.

5.4.3.9 Ducts handling flammable vapors shall be designed to
minimize the condensation of the vapors out of the exhaust
airstream onto the surface of the ducts.

5.4.3.10 Ducts handling combustible solids shall be designed
to minimize the accumulation of solids within the ducts.

5.4.3.11 Hand holes for damper, sprinkler, or fusible link
inspection or resetting and for purposes of residue clean-out
shall be equipped with tight-fitting doors or covers.

5.4.3.12 Exposed hot fan casings and hot ducts [tempera-
tures exceeding 160°F (71°C)] shall be guarded by location,
guard rails, shields, or insulation to prevent injury to person-
nel.

5.4.3.13 Exhaust ducts shall not discharge near openings or
other air intakes where effluents can re-enter the building.

5.4.3.14 A collecting and venting system for radiant tube heat-
ing systems shall be provided in accordance with Section 6.5.

5.4.4 Pump Vents.

5.4.4.1 Mechanical vacuum pumps with a capacity larger
than 15 ft3/min (7 × 10−3 m3/sec) shall be vented to an ap-
proved location in accordance with all applicable codes.

5.4.4.2 An oil drip leg in accordance with the vacuum pump
manufacturer’s recommendation shall be designed into the
vent piping system.
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5.4.4.3 Vent piping shall be free from gas or oil leaks and
shall be of noncombustible pipe construction.

5.4.4.4 An oil mist separator shall be provided where the dis-
charge vapor accumulations create a hazard.

5.5 Mountings and Auxiliary Equipment.

5.5.1 Pipes, valves, and manifolds shall be mounted so as to
provide protection against damage by heat, vibration, and me-
chanical hazard.

5.5.2 Furnace systems shall have provisions such as motion
stops, lockout devices, or other safety mechanisms to prevent
injury to personnel during maintenance or inspection.

5.5.3 Instrumentation and control equipment shall meet the
following criteria:

(1) Located for ease of observation, adjustment, and main-
tenance

(2) Protected from physical and thermal damage and other
hazards

5.5.4 Auxiliary equipment such as conveyors, racks, shelves,
baskets, and hangers shall be noncombustible and designed to
facilitate cleaning.

5.6* Vacuum Pumping Systems.

5.6.1* For the purpose of Section 5.6 the term pumping systems
shall include pumps, valves and associated piping and wiring,
related protective equipment, and measuring and control in-
strumentation that produce and control the level of vacuum
in a vacuum furnace. (See Annex I for general pump information.)

5.6.2 Mechanical pumps utilizing hydrocarbon oils shall not
be used for pumping gases with oxygen contents greater than
25 percent by volume.

5.6.3* Diffusion pumps and other pumps employing a heating
source shall include thermostats or other automatic
temperature-controlling devices.

5.6.4 A fluid level gauge shall be installed on those diffusion
pumps with a pump fluid capacity over 1 qt (0.95 L).

5.6.5 Where petroleum or other combustible fluids are used,
the pumping system shall be designed to minimize the possi-
bility of fluid release that might result in a fire or explosion.

5.6.6 Cooling shall be provided for diffusion pumps to pre-
vent excess vapors from backstreaming into furnace chambers
and for mechanical pumps to prevent overheating of the
pump fluids.

5.7 Vacuum Gauges and Controls.

5.7.1* Vacuum gauges and vacuum controls shall be selected
for a particular system with consideration to vacuum level, sen-
sitivity, and expected contamination.

5.7.2 Vacuum gauges shall be installed so that levels of
vacuum can be ascertained in the furnace chamber and be-
tween vacuum pumps of multipump systems.

5.7.3 Vacuum gauge controls that operate in conjunction
with sequential controls shall be interlocked to prevent dam-
age to the furnace components or workload.

5.7.4 Hot wire filament gauges shall not be used at pressures
above 1 × 10−1 torr (13.3 Pa) in the presence of explosive
vapors or combustible atmospheres.

5.8 Vacuum Piping Systems.

5.8.1 Vacuum pipelines, valves, and manifolds shall meet the
following criteria:

(1) They shall be designed to withstand differential pressures.
(2) They shall have conductance for the application.
(3) They shall have a maximum leak rate as required by the

process but not greater than the leak rate specified by the
furnace manufacturer.

5.8.2 Isolation vacuum valves shall meet the following criteria:

(1) They shall be installed between the mechanical fore
pumps and the remaining system, including the furnace
chamber.

(2) If powered, they shall automatically close when there is a
loss of power to the fore pump or when the control switch
for the fore pump is in the off position.

5.8.3 Where applicable, a bypass shall be provided between
the furnace and roughing and the fore pump so that the
chamber can be rough-pumped while the diffusion pump re-
mains isolated.

5.8.4 Inlet gas quenching valves shall be designed to operate at
applicable pressures on the gas side and on the vacuum side.

5.9 Water-Cooling Systems for Vacuum Furnaces.

5.9.1 For the purposes of Section 5.9, the term water-cooling
system of a vacuum furnace shall include the apparatus, equip-
ment, and method used to cool vacuum chamber walls, elec-
trical terminals, seals, workload, and, where applicable, the
interior of the furnace.

5.9.2* Cold-wall vacuum furnaces shall be specifically de-
signed to maintain the vacuum furnace vessel at the intended
temperatures.

5.9.3 The furnace vessel walls shall be maintained below de-
sign temperature limits when the furnace operates at maxi-
mum temperatures.

5.9.4* Closed cooling systems shall be equipped with inter-
locks to prevent the heating system from operating without
flow of the cooling water at the return.

5.9.5 If heat from the electric power terminals can damage
seals during processing cycles, the terminal shall be cooled.

5.10* Gas Quenching Systems for Vacuum Furnaces.

5.10.1 The quench vessel, if separate from the heating vessel,
shall be equipped with a pressure-relief valve that protects the
quench vessel from gas pressure above the maximum allow-
able operating pressure during the backfilling, pressurizing,
or cooling cycles.

5.10.2 Internal Heat Exchanger. Internal heat exchangers in-
stalled in the furnace chamber for the purpose of extracting
heat from a recirculating cooling gas shall be protected from
pressure above the maximum allowable operating pressure,
heat damage, and mechanical damage while the furnace is
being loaded or unloaded.

5.10.2.1 Heat exchangers, components, and connections
shall be free from water and air leaks.

5.10.2.2 Heat exchangers shall be installed or located to pre-
vent damage from vibration and thermal damage due to ex-
pansion and contraction.
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5.10.2.3 Heat exchanger components shall have the design
strength to resist permanent deformation while exposed to the
simultaneous maximum pressure of the coolant source and the
maximum vacuum or pressure attained in the furnace.

5.10.3 External Heat Exchangers. External heat exchangers
used for the purpose of extracting heat from a recirculating
cooling gas shall be enclosed in a vacuumtight chamber that
has a leak rate not exceeding the leak rate specified by the
manufacturer for the furnace chamber.

5.10.3.1 Heat exchangers, components, and connections
shall be free from water and air leaks.

5.10.3.2 Heat exchangers shall be installed or located to pre-
vent damage from vibration and thermal damage due to ex-
pansion and contraction.

5.10.3.3 Heat exchanger components shall have the design
strength to resist permanent deformation while exposed to
the simultaneous maximum pressure of the coolant source and
the maximum vacuum or pressure attained in the furnace.

5.10.4 Fans and Motors for Gas Quenching Systems.

5.10.4.1 Fans shall not be exposed to any temperature in ex-
cess of their design temperature rating.

5.10.4.2 Electric fan motors shall be interlocked to prevent
operation at less than a chamber pressure of 7 psi (48 kPa)
absolute in order to prevent motor failure.

5.10.4.3 Where motor windings are exposed to argon gas or
other ionizing gases, the voltage on the motor shall be limited
to 260 volts maximum.

5.10.5 Quenching Gas. The recirculating gas shall be one that
is not harmful to the heating elements, furnace heat shields or
insulation, or work when introduced at the quenching
temperature.

5.11 Heating Elements and Insulation for Vacuum Furnaces.

5.11.1 Material for heating elements shall have a vapor pres-
sure lower than the lowest design pressure at the manufactur-
er’s specified maximum design temperature.

5.11.2 Internal electrical insulation material shall remain
nonconductive through the full range of vacuum and tem-
perature limits specified by the manufacturer.

5.12 Heat Baffles and Reflectors for Vacuum Furnaces.

5.12.1 Baffles, reflectors, and hangers shall be designed to
minimize warpage due to expansion and contraction to pre-
vent furnace damage.

5.12.2 Baffles, reflectors, and hangers shall be of heat-
resistant material that minimizes sag, rupture, or cracking un-
der normal operating limits specified by the manufacturer to
prevent furnace damage.

5.12.3 Baffles and reflectors shall be accessible and remov-
able for the purpose of cleaning and repairing.

Chapter 6 Furnace Heating Systems

6.1 General.

6.1.1 For the purpose of this chapter, the term furnace heating
system shall include the heating source, the associated piping
and wiring used to heat the furnace, and the work therein as

well as the auxiliary quenches, atmosphere generator, and
other components.

6.1.2 All components of the furnace heating system and con-
trol cabinet shall be grounded.

6.2 Fuel Gas–Fired Units.

6.2.1* Scope. Section 6.2 shall apply to the following:

(1) Furnace heating systems fired with commercially distrib-
uted fuel gases such as the following:
(a) Natural gas
(b) Mixed gas
(c) Manufactured gas
(d) Liquefied petroleum gas (LP-Gas) in the vapor phase
(e) LP-Gas/air systems

(2) Gas-burning portions of dual-fuel or combination
burners

6.2.2 General. Burners, along with associated mixing, valving,
and safety controls and other auxiliary components, shall be
selected for the intended application, type, and pressure of
the fuel gases to be used and temperatures to which they are
subjected.

6.2.3* Combustion Air.

6.2.3.1 The fuel-burning system design shall provide a supply
of clean combustion air delivered in amounts prescribed by
the furnace designer or burner manufacturer across the full
range of burner operation.

6.2.3.2 Products of combustion shall not be mixed with the
combustion air supply.

6.2.3.3 The requirement of 6.2.3.2 shall not prevent the use
of flue gas recirculation systems specifically designed to ac-
commodate such recirculation.

6.2.3.4* Where primary or secondary combustion air is pro-
vided mechanically, combustion airflow or pressure shall be
proven and interlocked with the safety shutoff valves so that
fuel gas cannot be admitted prior to establishment of combus-
tion air and so that the gas is shut off in the event of combus-
tion air failure.

6.2.3.5 Exothermic generators shall stop the combustion air
supply when the fuel supply is stopped.

6.2.3.6 Where a secondary air adjustment is provided, adjust-
ment shall include a locking device to prevent an uninten-
tional change in setting.

6.2.4 Fuel Gas Supply Piping.

6.2.4.1* A remotely located shutoff valve shall be provided to
allow the fuel to be turned off in an emergency and shall be
located so that fire or explosion at a furnace does not prevent
access to this valve.

6.2.4.2 Installation of LP-Gas storage and handling systems
shall comply with NFPA 58, Liquefied Petroleum Gas Code.

6.2.4.3 Piping from the point of delivery to the equipment
isolation valve shall comply with NFPA 54, National Fuel Gas
Code. (See 6.2.5.2.)

6.2.5 Equipment Fuel Gas Piping.

6.2.5.1 Manual Shutoff Valves.
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(A) Individual manual shutoff valves for equipment isola-
tion shall be provided for shutoff of the fuel to each piece of
equipment.

(B) Manual shutoff valves shall have permanently affixed vi-
sual indication of the valve position.

(C) Quarter-turn valves with removable wrenches shall not
allow the wrench handle to be installed perpendicular to the
fuel gas line when the valve is open.

(D) Wrenches or handles shall remain affixed to valves, and
shall be oriented with respect to the valve port to indicate the
following:

(1) An open valve when the handle is parallel to the pipe
(2) A closed valve when the handle is perpendicular to the

pipe

6.2.5.2* Piping and Fittings.

(A) Fuel gas piping materials shall be in accordance with
NFPA 54, National Fuel Gas Code.

(B) Fuel gas piping shall be sized to provide flow rates and
pressure to maintain a stable flame over the burner operating
range.

6.2.6 Control of Contaminants.

6.2.6.1 A sediment trap or other acceptable means of remov-
ing contaminants shall be installed downstream of the equip-
ment isolation valve and upstream of all other fuel gas system
components.

6.2.6.2 Sediment traps shall have a vertical leg with a mini-
mum length of three pipe diameters [minimum of 3 in.
(80 mm)] of the same size as the supply pipe as shown in
Figure 6.2.6.2.

6.2.6.3* A gas filter or strainer shall be installed in the fuel gas
piping and shall be located downstream of the equipment iso-
lation valve and sediment trap and upstream of all other fuel
gas system components.

6.2.7 Pressure Regulators, Pressure Relief Valves, and Pres-
sure Switches.

6.2.7.1 A pressure regulator shall be furnished wherever the
plant supply pressure exceeds the burner operating or design

parameters, or wherever the plant supply pressure is subject to
fluctuations, unless otherwise permitted by 6.2.7.2.

6.2.7.2 An automatic flow control valve shall be permitted to
meet the requirement of 6.2.7.1, provided that it can compen-
sate for the full range of expected source pressure variations.

6.2.7.3* Regulators, relief valves, and switches shall be vented
to an approved location, and the following criteria also shall
be met:

(1) Heavier-than-air flammable gases shall be vented outside
the building to a location where the gas is diluted below
its lower flammable limit (LEL) before coming in contact
with sources of ignition or re-entering the building.

(2) Vents shall be designed to prevent the entry of water and
insects without restricting the flow capacity of the vent.

6.2.7.4* Fuel gas regulators, ratio regulators, and zero gover-
nors shall not be required to be vented to an approved loca-
tion in the following situations:

(1) Where backloaded from combustion air lines, air–gas
mixture lines, or combustion chambers, provided that gas
leakage through the backload connection does not create
a hazard

(2) Where a listed regulator/vent limiter combination is used
(3) Where a regulator system is listed for use without vent

piping

6.2.7.5* A pressure switch shall not be required to be vented if
it employs a vent limiter rated for the service intended.

6.2.7.6 Fuel gas regulators and zero governors shall not be
backloaded from oxygen or oxygen-enriched air lines.

6.2.7.7 Vent lines from multiple furnaces shall not be mani-
folded together.

6.2.7.8 Vent lines from multiple regulators and switches of a
single furnace, where manifolded together, shall be piped in
such a manner that diaphragm rupture of one vent line does
not backload the others.

6.2.7.9 The size of the vent manifold specified in 6.2.7.8 shall
be not less than the area of the largest vent line plus 50 per-
cent of the additional vent line area.

6.2.8 Flow Control Valves. Where the minimum or the maxi-
mum flow of combustion air or the fuel gas is critical to the
operation of the burner, flow valves shall be equipped with
limiting means and with a locking device to prevent an unin-
tentional change in the setting.

6.2.9 Air–Fuel Gas Mixers.

6.2.9.1* General. Subsection 6.2.9 shall apply only to mixtures
of fuel gas with air and not to mixtures of fuel gas with oxygen
or oxygen-enriched air. Oxygen shall not be introduced into
air–fuel gas mixture piping, fuel gas mixing machines, or air–
fuel gas mixers.

6.2.9.2 Proportional Mixing.

(A) Piping shall be designed to provide a uniform mixture flow
of pressure and velocity needed for stable burner operation.

(B) Valves or other obstructions shall not be installed be-
tween a proportional mixer and burners, unless otherwise per-
mitted by 6.2.9.2(C).

3 in.  
(80 mm) 
minimum

Cap

Nipple

To 
equipment 
inlet

Gas supply inlet

Tee fitting

FIGURE 6.2.6.2 Method of Installing a Tee Fitting Sediment
Trap.
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(C) Fixed orifices shall be permitted for purposes of balancing.

(D) Any field-adjustable device built into a proportional
mixer (e.g., gas orifice, air orifice, ratio valve) shall incorpo-
rate a device to prevent unintentional changes in the setting.

(E) Where a mixing blower is used, safety shutoff valves shall
be installed in the fuel gas supply and shall interrupt the fuel
gas supply automatically when the mixing blower is not in op-
eration or in the event of a fuel gas supply failure.

(F) Mixing blowers shall not be used with fuel gases contain-
ing more than 10 percent free hydrogen (H2).

(G) Mixing blowers having a static delivery pressure of more
than 10 in. w.c. (2.49 kPa) shall be considered mixing machines.

6.2.9.3 Mixing Machines.

(A)* Automatic fire checks shall be provided in piping systems
that distribute flammable air–fuel gas mixtures from a mixing
machine.

(B) The automatic fire check shall be installed at the burner
inlet(s), and the manufacturer’s installation guidelines shall
be followed.

(C) A separate, manually operated gas valve shall be provided
at each automatic fire check for shutting off the flow of an
air–fuel mixture through the fire check after a flashback has
occurred.

CAUTION: These valves shall not be reopened after a flash-
back has occurred until the fire check has cooled sufficiently to
prevent reignition of the flammable mixture and has been
properly reset.

(D) The valves required by 6.2.9.3(C) shall be located up-
stream of the inlets of the automatic fire checks.

(E)* A backfire arrester with a safety blowout device shall be
installed in accordance with the manufacturer’s instructions
near the outlet of each mixing machine that produces a flam-
mable air–fuel gas mixture.

(F) Where a mixing machine is used, safety shutoff valves
shall be installed in the fuel gas supply and shall interrupt the
fuel gas supply automatically when the mixing machine is not
in operation or in the event of an air or fuel gas supply failure.

6.2.10 Fuel Gas Burners.

6.2.10.1 All burners shall maintain the stability of the de-
signed flame shape, without flashback or blow-off, over the
entire range of turndown that is encountered during opera-
tion under both of the following conditions:

(1) Where supplied with combustion air (oxygen-enriched
air or oxygen)

(2) Where supplied with the designed fuels in the designed
proportions and in the designed pressure ranges

6.2.10.2 Burners shall be used only with the fuels for which
they are designed.

6.2.10.3 All pressures required for operation of the combus-
tion system shall be maintained within the ranges throughout
the firing cycle.

6.2.10.4 Burners shall have the ignition source sized and lo-
cated in a position that provides ignition of the pilot or main
flame within the design trial-for-ignition period.

6.2.10.5 Burners that cannot be ignited at all firing rates shall
have provision to adjust the burner firing rate during light-off
to a level that ensures ignition of the main flame without flash-
back or blow-off.

6.2.10.6* Radiant tubes that are claimed to be explosion resis-
tant within the use of this standard shall be validated by a test
performed in accordance with the manufacturer’s instructions.

6.2.11 Fuel Ignition.

6.2.11.1* The ignition source (e.g., electric spark, hot wire, pilot
burner, handheld torch) shall be applied at the design location
with the designed intensity to ignite the air–fuel mixture.

6.2.11.2 Fixed ignition sources shall be mounted to prevent
unintentional changes in location and in direction with re-
spect to the main flame.

6.2.11.3 Pilot burners shall be considered burners, and all
provisions of Section 6.2 shall apply.

6.2.12 Dual-Fuel and Combination Burners. Where fuel gas
and fuel oil are to be fired individually (dual-fuel) or simulta-
neously (combination), the provisions of Sections 6.2, 6.3, and
8.12 shall apply equally to the respective fuels.

6.3 Oil-Fired Units.

6.3.1* Scope.

6.3.1.1 Section 6.3 shall apply to combustion systems for fur-
naces fired with No. 2, No. 4, No. 5, and No. 6 industrial fuel oils
as specified by ASTM D 396, Standard Specifications for Fuel Oils.

6.3.1.2 Section 6.3 shall apply to the oil-burning portions of
dual-fuel and combination burners.

6.3.2 General. Burners, along with associated valving, safety
controls, and other auxiliary components, shall be selected for
the type and pressure of the fuel oil to be used and for the
temperatures to which they are subjected.

6.3.3* Combustion Air.

6.3.3.1 The fuel-burning system design shall provide for a
supply of clean combustion air delivered in the amounts pre-
scribed by the furnace designer or burner manufacturer
across the full range of burner operation.

6.3.3.2 Products of combustion shall not short-circuit back
into the combustion air, except where so designed.

6.3.3.3 Where primary or secondary combustion air is pro-
vided mechanically, combustion airflow or pressure shall be
proved and interlocked with the safety shutoff valves so that oil
cannot be admitted prior to establishment of combustion air
and so that the oil is shut off in the event of combustion air
failure.

6.3.3.4 Where a secondary air adjustment is provided, adjust-
ment shall include a locking device to prevent an uninten-
tional change in setting.

6.3.4 Oil Supply Piping.

6.3.4.1 The fuel oil supply to a furnace shall be capable of
being shut off at a location remote from the furnace so that
fire or explosion at the furnace does not prevent access to the
fuel oil shutoff.

6.3.4.2 The fuel oil shutoff shall be by either of the following:

(1) A remotely located fuel oil shutoff valve
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(2) Means for removing power to the positive displacement
fuel oil pump

6.3.4.3 Where a shutoff is installed in the discharge line of an
oil pump that is not an integral part of a burner, a pressure-
relief valve shall be connected to the discharge line between
the pump and the shutoff valve and arranged to return surplus
oil to the supply tank or to bypass it around the pump, unless
the pump includes an internal bypass.

6.3.4.4* All air from the supply and return piping shall be
purged initially, and air entrainment in the oil shall be
minimized.

6.3.4.5 Suction, supply, and return piping shall be sized with
respect to oil pump capacity.

6.3.4.6* Where a section of oil piping can be shut off at both
ends, relief valves or expansion chambers shall be installed to
release the pressure caused by thermal expansion of the oil.

6.3.5 Equipment Oil Piping.

6.3.5.1 Manual Shutoff Valves.

(A) Individual manual shutoff valves for equipment isola-
tion shall be provided for shutoff of the fuel to each piece of
equipment.

(B) Manual shutoff valves shall be installed to avoid oil spillage
during servicing of supply piping and associated components.

(C) Manual shutoff valves shall display a visual indication of
the valve position.

(D) Quarter-turn valves with removable wrenches shall not
allow the wrench handle to be installed perpendicular to the
fuel oil line when the valve is open.

(E) The user shall keep separate wrenches (handles) affixed
to valves and keep the wrenches oriented with respect to the
valve port to indicate the following:

(1) An open valve when the handle is parallel to the pipe
(2) A closed valve when the handle is perpendicular to the

pipe

(F)* Valves shall be maintained in accordance with the manu-
facturer’s instructions.

(G) Lubricated valves shall be lubricated and subsequently
leak tested for valve closure at least annually.

6.3.5.2 Piping and Fittings.

(A) Fuel oil piping materials shall be in accordance with
NFPA 31, Standard for the Installation of Oil-Burning Equipment.

(B) Fuel oil piping shall be sized to maintain a stable flame
over the burner operating range.

6.3.5.3* Oil Filters and Strainers. An oil filter or strainer shall
be as follows:

(1) Selected for the maximum operating pressure and tem-
perature anticipated

(2) Selected to filter particles larger than the most critical
clearance in the fuel oil system

(3) Installed in the fuel oil piping system downstream of the
equipment isolation valve and upstream of all other fuel
oil piping system components

6.3.5.4 Pressure Regulation. Where the oil pressure exceeds
that required for burner operation or where the oil pressure is
subject to fluctuations, either a pressure regulator or an auto-

matic flow control valve that can compensate for the full range
of expected source pressure variations shall be installed.

6.3.5.5* Pressure Gauges. Pressure gauges shall be isolated or
protected from pulsation damage during operation of the
burner system.

6.3.6 Flow Control Valves. Where the minimum or the maxi-
mum flow of combustion air or the fuel oil is critical to the
operation of the burner, flow valves shall be equipped with a
limiting means and with a locking device to prevent an unin-
tentional change in the setting.

6.3.7 Oil Atomization.

6.3.7.1* Oil shall be atomized to droplet size as required for
combustion throughout the firing range.

6.3.7.2 The atomizing device shall be accessible for inspec-
tion, cleaning, repair, replacement, and other maintenance as
required.

6.3.8 Oil Burners.

6.3.8.1 All burners shall maintain both the stability of the
designed flame shape over the entire range of turndown en-
countered during operation where supplied with combustion
air (oxygen-enriched air or oxygen) and the stability of de-
signed fuels in the designed proportions and in the designed
pressure ranges.

6.3.8.2 All pressures required for the operation of the com-
bustion system shall be maintained within the design ranges
throughout the firing cycle.

6.3.8.3 All burners shall be supplied with fuel oil of the grade
for which they have been designed and with fuel oil that has
been preconditioned, where necessary, to the viscosity re-
quired by the burner design.

6.3.8.4 Burners shall have the ignition source sized and lo-
cated in a position that provides ignition of the pilot or main
flame within the design trial-for-ignition period.

(A) Self-piloted burners shall have a transition from pilot
flame to main flame.

(B) Burners that cannot be ignited at all firing rates shall
have provision to reduce the burner firing rates during light-
off to a lower level, which ensures ignition of the main flame
without flashback or blow-off.

6.3.8.5 If purging of oil passages upon termination of a firing
cycle is required, it shall be done prior to shutdown with the
initial ignition source present and with all associated fans and
blowers in operation.

6.3.9 Fuel Ignition.

6.3.9.1* The ignition source shall be applied at the design
location with the design intensity to ignite the air–fuel mixture.

6.3.9.2 Fixed ignition sources shall be mounted so as to pre-
vent unintentional changes in location and in direction with
respect to the main flame.

6.3.9.3 Pilot burners shall be considered burners, and all pro-
visions of Section 6.2 shall apply.

6.3.10 Dual-Fuel and Combination Burners. Where fuel gas
and fuel oil are fired individually (dual-fuel) or simulta-
neously (combination), the provisions of Sections 6.2, 6.3, and
8.12 shall apply equally to the respective fuels.
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6.4 Oxygen-Enhanced Fuel-Fired Units.

6.4.1* Scope.

6.4.1.1 Section 6.4 shall apply to combustion systems using
oxygen (oxy-fuel) or oxygen-enriched air with gas or liquid
fuels.

6.4.1.2 The requirements of Section 6.4 shall be in addition
to those in Sections 6.2 and 6.3 and Chapter 8.

6.4.2 Combustion Systems Utilizing Oxygen.

6.4.2.1 Oxygen storage and delivery systems shall comply
with NFPA 55, Standard for the Storage, Use, and Handling of Com-
pressed Gases and Cryogenic Fluids in Portable and Stationary Con-
tainers, Cylinders, and Tanks.

6.4.2.2 Oxygen shall not be introduced into inlet or dis-
charge piping of air compressors or blowers that are internally
lubricated with petroleum oils, greases, or other combustible
substances.

6.4.3 Oxygen Piping and Components.

6.4.3.1 Design, materials of construction, installation, and
tests of oxygen piping shall comply with the applicable sec-
tions of ASME B31.3, Process Piping.

6.4.3.2* Materials and construction methods used in the in-
stallation of the oxygen piping and components shall be com-
patible with oxygen.

6.4.3.3* Piping and components that come in contact with
oxygen shall be cleaned prior to admitting gas.

6.4.3.4* Air introduced into oxygen passages in burners, such
as cooling air, shall be free of particulate matter, oil, grease,
and other combustible materials.

6.4.3.5 A remotely located shutoff valve shall be provided to
allow the oxygen to be turned off in an emergency.

6.4.3.6 The shutoff valve shall be located so that fire or explo-
sion at a furnace does not prevent access to the valve.

6.4.3.7 Oxygen from pressure-relief devices and purge out-
lets shall not be released into pipes or manifolds where it can
mix with fuel.

6.4.3.8* Oxygen from pressure-relief devices and purge out-
lets shall be vented to an approved location by vents designed
to prevent the entry of water and insects.

6.4.3.9 Means shall be provided to prevent oxygen, fuel, or
air from intermixing in burner supply lines due to valve leak-
age, burner plugging, or other system malfunctions.

6.4.3.10* Oxygen piping and components shall be inspected
and maintained.

6.4.3.11 If glass tube flowmeters are used in oxygen service,
safeguards against personnel injury from possible rupture
shall be provided.

6.4.3.12* The piping fed from a cryogenic supply source shall
be protected from excessive cooling by means of an automatic
low-temperature shutoff device.

6.4.3.13 Piping and controls downstream of an oxygen
pressure-reducing regulator shall be able to withstand the
maximum potential upstream pressure or shall be protected
from overpressurization by means of a pressure-relief device.

6.4.4 Oxygen Flow Control Valves.

6.4.4.1 Where the minimum or the maximum flow of oxygen
or oxygen-enriched air is critical to the operation of the
burner, flow control valves shall be equipped with limiting
means and a locking device to prevent an unintentional
change in the setting.

6.4.4.2 Where the source oxygen pressure exceeds that re-
quired for burner operation or where the source pressure is
subject to fluctuations, either an oxygen pressure regulator or
an automatic flow control valve that can compensate for the
full range of expected source pressure variations and complies
with 6.4.4.1 shall be installed.

6.4.5 Oxygen-Enriched Combustion Air.

6.4.5.1 Filters shall be installed in the air blower intake to
minimize contamination of the oxygen-enriched air piping.

6.4.5.2* Devices, such as diffusers, that are used to disperse
oxygen into an airstream shall be designed to prevent jet im-
pingement of oxygen onto interior surfaces of the air piping.

6.4.5.3 Oxygen-enriched combustion air shall not be intro-
duced into a burner before the oxygen has been uniformly
mixed into the airstream.

6.4.5.4 Branching of the enriched-air piping shall not be per-
mitted before a uniform mixture of oxygen and air has been
attained.

6.5 Flue Product Venting.

6.5.1 A means shall be provided to ensure ventilation of the
products of combustion from fuel-fired equipment.

6.5.2 The following shall apply to collecting and venting sys-
tems for radiant tube-type heating systems:

(1) The system shall be of a capacity to prevent an explosion
or fire hazard due to the flow of unburned fuel through
the radiant tubes.

(2) The system shall be capable of dilution of the rated maxi-
mum input capacity of the system to a noncombustible
state.

(3) A radiant tube-type heating system provided with two
safety shutoff valves interlocked with combustion safe-
guards shall be exempt from the requirements of 6.5.2.

6.6 Electrically Heated Units.

6.6.1 Scope. Section 6.6 shall apply to all types of heating sys-
tems where electrical energy is used as the source of heat.

6.6.2 Safety Equipment. Safety equipment, including airflow
interlocks, time relays, and temperature switches, shall be in
accordance with Chapter 8.

6.6.3* Electrical Installation. All parts of the electrical installa-
tion shall be in accordance with NFPA 70, National Electrical
Code.

6.6.4 Resistance Heating Systems.

6.6.4.1 The provisions of 6.6.4 shall apply to resistance heat-
ing systems, including infrared lamps, such as quartz, ceramic,
and tubular glass types.

6.6.4.2 Construction.

(A) The heater housing shall be constructed so as to provide
access to heating elements and wiring.
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(B) Heating elements and insulators shall be supported se-
curely or fastened so that they do not become easily dislodged
from their intended location.

(C) Heating elements that are electrically insulated from and
supported by a metallic frame shall have the frame electrically
grounded.

(D) Open-type resistor heating elements shall be supported
by electrically insulated hangers and shall be secured to pre-
vent the effects of motion induced by thermal stress, which
could result in adjacent segments of the elements touching
one another, or the effects of touching a grounded surface.

(E) External parts of furnace heaters that are energized at
voltages that could be hazardous as specified in NFPA 70, Na-
tional Electrical Code, shall be guarded.

6.6.5 Induction and Dielectric Heating Systems.

6.6.5.1 Induction and dielectric heating systems shall be de-
signed and installed in accordance with NFPA 70, National Elec-
trical Code.

6.6.5.2 Construction.

(A)* Combustible electrical insulation shall be reduced to a
minimum.

(B) Protection shall be installed to prevent overheating of
any part of the equipment in accordance with NFPA 70, Na-
tional Electrical Code.

(C) Where water cooling is used for transformers, capacitors,
electronic tubes, spark gaps, or high-frequency conductors, it
shall be arranged as follows:

(1) Cooling coils and connections shall be arranged so that
leakage or condensation does not damage the electrical
equipment.

(2) The cooling water supply shall be interlocked with the
power supply so that loss of water cuts off the power supply.

(3) Where there is more than one waterflow path, the flow
interlock required in 6.6.5.2(C)(2) shall be provided for
each parallel waterflow path.

(D) Where forced ventilation by motor-driven fans is neces-
sary, the following features shall be provided:

(1) The air supply shall be interlocked with the power supply.
(2) An air filter shall be provided at the air intake.

(E) The conveyor motor and the power supply of dielectric
heaters of the conveyor type used to heat combustible materi-
als shall be interlocked to prevent overheating of the material
being treated.

(F) Dielectric heaters used for treating highly combustible
materials shall be designed to prevent a disruptive discharge
between the electrodes.

6.7 Fluid-Heated Systems.

6.7.1* Scope.

6.7.1.1 Section 6.7 shall apply to all types of systems where
water, steam, or other heat transfer fluids are the source of
heat through the use of heat exchangers.

6.7.1.2 Section 6.7 shall apply to the heat transfer fluid sys-
tem between the oven supply and return isolation valves for
the oven being served.

6.7.2 General.

6.7.2.1* Piping and fittings shall be in accordance with ASME
B31.1, Power Piping.

6.7.2.2 The following shall apply to insulated piping contain-
ing combustible heat transfer fluid:

(1) Closed-cell, nonabsorptive insulation shall be used.
(2) Fibrous or open-cell insulation shall not be permitted.

6.7.2.3* Oven isolation valves shall be installed as follows:

(1) They shall be installed in the fluid supply and return lines.
(2) If a combustible heat transfer fluid is used, they shall be

installed within 5 ft (1.5 m) of the oven.

6.7.2.4 Enclosures or ductwork for heat exchanger coils shall
be of noncombustible construction with access openings pro-
vided for maintenance and cleaning.

6.7.2.5 Heat exchangers or steam coils shall not be located
on the floor of an oven or in any position where paint drip-
page or combustible material can accumulate on the coils.

6.7.3 Safety Devices.

6.7.3.1 System equipment shall be operated within the tem-
perature and pressure limits specified by the supplier or
manufacturer of the heat transfer medium and by the manu-
facturer of the equipment.

6.7.3.2 If the oven atmosphere is recirculated over the heat
exchanger coils, a noncombustible filtration system shall be
used if combustible particulates can deposit on the heat ex-
changer surface.

6.7.3.3 The filtration system and heat exchanger specified in
6.7.3.2 shall be cleaned on a regular schedule.

6.8 Heating Elements for Vacuum Furnaces.

6.8.1* The design of heating elements can take several forms,
such as rods, bars, sheets, or cloth, but shall be limited to ma-
terials that do not vaporize under minimum vacuum and
maximum temperature.

6.8.2 Electrical heating equipment in a vacuum furnace shall
not be operable until a vacuum level established as part of the
furnace design has been attained inside the furnace chamber
to provide protection for the furnace elements, radiant
shields, or insulation.

6.8.3* Heating element support hangers and insulators shall
be of compatible materials to provide electrical insulation and
nonreacting materials at specified vacuum levels and tempera-
tures.

6.8.4 Heating element connections shall be designed to
minimize arcing and disassembly problems.

6.8.5 The heating element power terminal and vessel feed-
through shall be designed and installed for vacuum integrity
and to withstand heating effects.

6.8.6 Power terminal connection points to power supply
cables shall be covered or housed to prevent high-current
electrical hazard to personnel.

6.9* Furnace Thermal Insulation and Heat Shields for
Vacuum Furnaces.

6.9.1* Insulation shall not break down at maximum specified
vacuum levels and temperatures.
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6.9.2* Heat shield material shall comply with temperature and
vacuum requirements.

6.9.3* Insulation shall be installed so as to prevent it from
breaking up and becoming airborne.

Chapter 7 Commissioning, Operations, Maintenance,
Inspection, and Testing

7.1 Scope.

7.1.1 Chapter 7 applies to safety systems and their application
to ovens and furnaces.

7.2 Commissioning.

7.2.1* Commissioning shall be required for all new installa-
tions or for any changes that impact the safety system.

7.2.2 The party responsible shall ensure that all pertinent
apparatus is installed and connected in accordance with the
system design.

7.2.3 The party responsible shall not release the furnace for
operation before the installation and checkout of the re-
quired safety systems have been successfully completed.

7.2.4 The party responsible shall ensure that any changes to
the original design made during commissioning are reflected
in the documentation.

7.2.5* The party responsible shall ensure that set points of all
safety interlock settings are documented.

7.3 Training.

7.3.1* The personnel responsible for operating, maintaining,
and supervising the furnace shall be thoroughly instructed
and trained in their respective job functions under the direc-
tion of a qualified person(s).

7.3.2 The personnel responsible for operating, maintaining,
and supervising the furnace shall be required to demonstrate
understanding of the equipment, its operation, and practice
of safe operating procedures in their respective job functions.

7.3.3 Operating, maintenance, and supervisory personnel
shall receive regularly scheduled retraining and testing.

7.3.4 The training program shall cover start-up, shutdown,
and lockout procedures in detail.

7.3.5 The training program shall be kept current with
changes in equipment and operating procedures, and train-
ing materials shall be available for reference.

7.4 Operations.

7.4.1 The furnace shall be operated in accordance with the
design parameters.

7.4.2 Operating instructions that include all of the following
shall be provided by the furnace manufacturer:

(1) Schematic piping and wiring diagrams
(2) Start-up procedures
(3) Shut-down procedures
(4) Emergency procedures, including those occasioned by

loss of special atmospheres, electric power, inert gas, or
other essential utilities

(5) Maintenance procedures, including interlock and valve
tightness testing

7.4.3* When the original equipment manufacturer no longer
exists, the user shall develop inspection, testing, and mainte-
nance procedures.

7.4.4 Operating procedures shall be established that cover
normal and emergency conditions.

7.4.5 Operating procedures shall be directly applicable to
the equipment involved and shall be consistent with safety re-
quirements and the manufacturer’s recommendations.

7.4.6 Procedures shall be consistent with safety require-
ments and shall be kept current with changes in equipment
and personnel.

7.4.7* Where different modes of operation are possible, pro-
cedures shall be prepared for each operating mode and
switching from one mode to another.

7.4.8 Personnel shall have access to operating instructions at
all times.

7.4.9 Safety devices shall not be removed or rendered inef-
fective.

7.5 Inspection, Testing, and Maintenance.

7.5.1 Safety devices shall be maintained in accordance with
the manufacturer’s instructions.

7.5.2 It shall be the responsibility of the furnace manufacturer
to provide instructions for inspection, testing, and maintenance.

7.5.3 It shall be the responsibility of the user to establish,
schedule, and enforce the frequency and extent of the inspec-
tion, testing, and maintenance program, as well as the correc-
tive action to be taken.

7.5.4 All safety interlocks shall be tested for function at least
annually.

7.5.5* The set point of temperature, pressure, or flow devices
used as safety interlocks shall be verified at least annually.

7.5.6 Safety device testing shall be documented at least
annually.

7.5.7 Calibration of continuous vapor concentration high
limit controllers shall be performed in accordance with the
manufacturer’s instructions and shall be performed at least
once per month.

7.5.8 Pressure and explosion relief devices shall be visually
inspected at least annually to ensure that they are unob-
structed and properly labeled.

7.5.9* Valve seat leakage testing of safety shutoff valves and
valve proving systems shall be performed in accordance with
the manufacturer’s instructions. Testing frequency shall be at
least annually.

7.5.10 Manual shutoff valves shall be maintained in accor-
dance with the manufacturer’s instructions.

7.5.11* Lubricated manual shutoff valves shall be lubricated
and subsequently leak tested for valve closure at least annually.

7.5.12* Oxygen piping and components shall be inspected
and maintained in accordance with CGA G-4.1, Cleaning Equip-
ment for Oxygen Service.

7.5.13* The temperature indication of the excess temperature
controller shall be verified to be accurate.

86–22 OVENS AND FURNACES

2007 Edition

Full document details: NFPA 86 2007

http://www.avadocuments.com/doc/nfpa-86-2007
http://www.avadocuments.com/doc/nfpa-86-2007


7.5.14 Whenever any safety interlock is replaced, it shall be
tested for function.

7.5.15 Whenever any temperature, pressure, or flow device
used as a safety interlock is replaced, the setpoint setting shall
be verified.

7.5.16 An inspection shall be completed at least annually to
verify that all designed safety interlocks are present and have
not been bypassed or rendered ineffective.

7.6 Record Retention. Records of inspection, testing, and
maintenance activities shall be retained for the period of 1
year or until the next inspection, testing, or maintenance ac-
tivity, whichever is longer.

7.7* Procedures. The user’s operational and maintenance
program shall include procedures that apply to entry into
equipment in accordance with all applicable regulations.

Chapter 8 Safety Equipment and Application

8.1 Scope.

8.1.1 Chapter 8 shall apply to safety equipment and its appli-
cation to furnace heating and ventilation systems.

8.1.2 Section 8.3 shall apply to all safety controls included in
this standard.

8.1.3* For the purpose of this chapter, the term furnace heating
system shall include the heating source, associated piping and
wiring used to heat the furnace, auxiliary quenches, and the
work therein.

8.2 General.

8.2.1 All safety devices shall be one of the following:

(1) Listed for the service intended
(2) Approved, where listed devices are not available
(3) Programmable controllers applied in accordance with

8.3.3

8.2.2 Safety devices shall be applied and installed in accor-
dance with this standard and the manufacturer’s instructions.

8.2.3 Electric relays and safety shutoff valves shall not be used
as substitutes for electrical disconnects and manual shutoff
valves.

8.2.4 Regularly scheduled inspection, testing, and mainte-
nance of all safety devices shall be performed. (See Section 7.5.)

8.2.5 Safety devices shall be installed, used, and maintained
in accordance with the manufacturer’s instructions.

8.2.6 Safety devices shall be located or guarded to protect
them from physical damage.

8.2.7 Safety devices shall not be bypassed electrically or me-
chanically.

8.2.7.1 The requirement in 8.2.7 shall not prohibit safety de-
vice testing and maintenance in accordance with 8.2.4. Where
a system includes a “built-in” test mechanism that bypasses any
safety device, it shall be interlocked to prevent operation of
the system while the device is in the test mode, unless listed for
that purpose.

8.2.7.2 The requirement in 8.2.7 shall not prohibit a time
delay applied to the action of pressure proving, flow proving,

or proof-of-closure safety switch as used in accordance with
8.7.1.3(2)(c), where the following conditions exist:

(1) There is an operational need demonstrated for the time
delay.

(2) The use of a time delay is approved.
(3) The time delay feature is not adjustable beyond 5 seconds.
(4) A single time delay does not serve more than one pressure

proving or flow proving safety device.
(5) The time from an abnormal pressure or flow condition

until the holding medium is removed from the safety
shutoff valves does not exceed 5 seconds.

8.2.8* A manual emergency switch shall be provided to initiate
a safety shutdown.

8.3* Logic Systems.

8.3.1 General.

8.3.1.1 Purge, ignition trials, and other burner safety se-
quencing shall be performed using either devices listed for
such service or programmable controllers used in accordance
with 8.3.3.

8.3.1.2 The activation of any safety interlock required in
Chapter 8 shall result in a safety shutdown.

8.3.2 Hardwired Logic Systems.

8.3.2.1 Safety interlocks shall be in accordance with one or
more of the following:

(1) Hardwired without relays in series ahead of the controlled
device

(2) Connected to an input of a programmable controller
logic system complying with 8.3.3

(3) Connected to a relay that represents a single safety inter-
lock configured to initiate safety shutdown in the event of
power loss

(4) Connected to a listed safety relay that represents one or
more safety interlocks and initiates safety shutdown upon
power loss

8.3.2.2* Electrical power for safety control circuits shall be DC
or single-phase AC, 250 volt maximum, one-side grounded,
with all breaking contacts in the ungrounded, fuse-protected,
or circuit breaker–protected line.

8.3.3* Programmable Logic Controller Systems.

8.3.3.1 Programmable logic controller–based systems listed
for combustion safety service shall be used in accordance with
the listing requirements and the manufacturer’s instructions.

8.3.3.2 Programmable logic controllers except those listed
for combustion safety service shall be used in accordance with
8.3.3.2.1 through 8.3.3.2.3.

8.3.3.2.1 General.

(A) Before the programmable logic controller is placed in
operation, documentation confirming that all related safety
devices and safety logic are functional shall be provided.

(B) All changes to hardware or software shall be documented
and maintained in a file that is separate from the furnace pro-
grammable controller.

(C) System operation shall be tested and verified for compli-
ance with the design criteria when the programmable logic
controller is replaced, repaired, or updated.
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(D) The control system shall have at least one manual emer-
gency switch that initiates a safety shutdown.

(E) The programmable logic controller shall detect the fol-
lowing conditions:

(1) Failure to execute any program or task containing safety
logic

(2) Failure to communicate with any safety input or output
(3) Changes in software set points of safety functions
(4) Failure of outputs related to safety functions
(5) Failure of timing related to safety functions

(F) A safety shutdown shall occur within 3 seconds of detect-
ing any condition listed in 8.3.3.2.1(E).

(G) A dedicated programmable logic controller output shall
initiate a safety shutdown for faults detected by the program-
mable logic controller.

(H) The following devices and logic shall be hardwired exter-
nal to the programmable logic controller as follows:

(1) Manual emergency switch
(2) Combustion safeguards
(3) Safe start checks
(4) Ignition transformers
(5) Trial-for-ignition periods
(6) Excess temperature controllers
(7) The 1400°F (760°C) bypass controllers required in Sec-

tion 8.17
(8) Continuous vapor concentration high limit controller
(9) Valve proving systems

(I) A combustion safeguard shall directly control at least one
safety shutoff valve between the fuel gas supply and the moni-
tored burner.

(J) Where two oxygen safety shutoff valves are required, com-
bustion safeguards shall control at least one oxygen safety
shutoff valve.

(K) Where airflow proving logic is performed in the program-
mable logic controller, the logic shall include the following:

(1) Verification of a change of state in each airflow proving
device during the startup of the related ventilation equip-
ment

(2) Initiation of a safety shutdown if a change of state in an
airflow proving device is not detected

8.3.3.2.2 Hardware.

(A) Memory that retains information on loss of system power
shall be provided for software.

(B) The programmable logic controller shall have a mini-
mum mean time between failure rating of 250,000 hours.

(C) Only one safety device shall be connected to a program-
mable logic controller input or output.

(D) Output checking shall be provided for programmable
logic controller outputs controlling fuel safety shutoff valves
and oxygen safety shutoff valves.

8.3.3.2.3 Software.

(A) Access to the programmable logic controller and its logic
shall be restricted to authorized personnel.

(B) The following power supplies shall be monitored:

(1) Power supplies used to power programmable logic con-
troller inputs and outputs that control furnace safety
functions

(2) Power supplies used to power pressure and flow transmit-
ters required by 8.3.3.4

(C) When any power supply required by 8.3.3.2.3(B)(1) fails,
the dedicated programmable logic controller output required
in 8.3.3.2.1(G) shall be deactivated.

(D) When the voltage of any power supply required by
8.3.3.2.3(B)(2) is detected outside the manufacturer’s recom-
mended range, the dedicated programmable logic controller
output required in 8.3.3.2.1(G) shall be deactivated.

(E) Software shall be documented as follows:

(1) Labeled to identify elements or group of elements con-
taining safety software

(2) Labeled to describe the function of each element contain-
ing safety software

(F) A listing of the program with documentations shall be
available.

8.3.3.3 Programmable logic controllers that do not comply
with 8.3.3.1 or 8.3.3.2 shall comply with the following:

(1) The programmable logic controller shall not perform re-
quired safety functions.

(2) The programmable logic controller shall not interfere
with or prevent the operation of the safety interlocks.

(3) Only isolated programmable logic controller contacts
shall be used in the required safety circuits.

8.3.3.4 Where programmable logic controller–based systems
use flow transmitters in place of flow switches and pressure
transmitters in place of pressure switches for safety functions,
the following shall apply:

(1) The transmitter shall be listed, possess a minimum mean
time between failure rating of 250,000 hours, or possess a
safety integrity level rating of 2.

(2) Upon transmitter failure the programmable logic con-
troller shall detect the failure and initiate a safety shut-
down.

(3) The transmitter shall be dedicated to safety service unless
listed for simultaneous process and safety service.

8.4 Safety Control Application for Fuel-Fired Heating Systems.

8.4.1 Preignition (Prepurge, Purging Cycle).

8.4.1.1* Prior to each furnace heating system startup, provi-
sion shall be made for the removal of all flammable vapors and
gases that have entered the heating chambers during the shut-
down period.

8.4.1.2 A timed preignition purge shall be provided.

(A) At least 4 standard cubic feet (scf) of fresh air or inert gas
per cubic foot (4 m3/m3) of system volume shall be intro-
duced during the purging cycle.

(B) The system volume shall include the heating chambers
and all other passages that handle the recirculation and ex-
haust of products of combustion.

(C) To begin the timed preignition purge interval, both of
the following conditions shall be satisfied:

(1) The minimum required preignition airflow is proved.
(2) The safety shutoff valve(s) is proved closed.
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(D) The minimum required preignition airflow shall be
proved and maintained throughout the timed preignition
purge interval.

(E) Failure to maintain the minimum required preignition
purge airflow shall stop the preignition purge and reset the
purge timer.

8.4.1.3 A furnace heating system, either alone or as part of
multiple furnaces feeding into one fume incinerator, shall not
be purged into an operating incinerator unless otherwise per-
mitted by 8.4.1.4.

8.4.1.4 A furnace heating system shall be permitted to be
purged into an operating incinerator if it can be demon-
strated that the flammable vapor concentration entering the
fume incinerator cannot exceed 50 percent of the LEL.

8.4.1.5 Preignition purging of radiant tube–type heating sys-
tems shall be provided, unless otherwise permitted by 8.4.1.6.

8.4.1.6 Preignition purging of radiant tube–type heating sys-
tems shall not be required where the systems are arranged and
designed such that either of the following conditions is satisfied:

(1) The tubes are of metal construction and open at one or
both ends with heat recovery systems, if used, that are of
explosion-resistant construction.

(2) The entire radiant tube heating system, including any as-
sociated heat recovery system, is of explosion-resistant
construction.

8.4.1.7 Prior to the reignition of a burner after a burner shut-
down or flame failure, a preignition purge shall be accom-
plished.

CAUTION: Repeated ignition attempts can result in a com-
bustible concentration greater than 25 percent of the LEL. Liq-
uid fuels can accumulate, causing additional fire hazards.

8.4.1.8 Repeating the preignition purge shall not be required
where any one of the following conditions is satisfied:

(1) The heating chamber temperature is proven above
1400°F (760°C).

(2) For any fuel-fired system, all of the following conditions
are satisfied:
(a) Each burner and pilot is supervised by a combustion

safeguard in accordance with Section 8.9.
(b) Each burner system is equipped with safety shutoff

valves in accordance with Section 8.7.
(c) At least one burner remains operating in the com-

mon combustion chamber of the burner to be
reignited.

(3) All of the following conditions are satisfied (does not ap-
ply to fuel oil systems):
(a) Each burner and pilot is supervised by a combustion

safeguard in accordance with Section 8.9.
(b) Each burner system is equipped with gas safety shut-

off valves in accordance with Section 8.7.
(c) It can be demonstrated that the combustible concen-

tration in the heating chamber and all other passages
that handle the recirculation and exhaust of products
of combustion cannot exceed 25 percent of the LEL.

8.4.2* Trial-for-Ignition Period.

8.4.2.1 The trial-for-ignition period of the pilot burner shall
not exceed 15 seconds.

8.4.2.2 The trial-for-ignition period of the main gas burner
shall not exceed 15 seconds, unless both of the following con-
ditions are satisfied:

(1) A written request for an extension of trial for ignition is
approved by the authority having jurisdiction.

(2) It is determined that 25 percent of the LEL cannot be
exceeded in the extended time.

8.4.2.3 The trial-for-ignition period of the main oil burner
shall not exceed 15 seconds.

8.4.2.4 Electrical ignition energy for direct spark ignition sys-
tems shall be terminated after the main burner trial-for-
ignition period.

Exception: Continuous operation of direct spark igniters shall be per-
mitted for explosion-resistant radiant tube–type heating systems, which
do not require combustion safeguards.

8.5 Ventilation Safety Devices.

8.5.1 Where a fan is essential to the operation of the oven or
allied equipment, fan operation shall be proved and inter-
locked into the safety circuitry.

8.5.1.1 Electrical interlocks and flow switches shall be ar-
ranged in the safety control circuit so that loss of ventilation or
airflow shuts down the heating system of the affected section,
or, if necessary, loss of ventilation shall shut down the entire
heating system as well as the conveyor.

8.5.1.2 Air pressure switches shall not be used to prove air-
flow where dampers downstream of the pressure switch can be
closed to the point of reducing airflow below the minimum
required.

8.5.1.3 Air suction switches shall not be used to prove airflow
where dampers upstream of the pressure switch can be closed
to the point of reducing airflow below the minimum required.

8.5.1.4 Switches used to prove airflow on systems where the
air is contaminated with any substance that might condense or
otherwise create a deposit shall be selected and installed to
prevent interference with the performance of the switch.

8.5.2 Dampers capable of being adjusted to a position that
can result in an airflow below the minimum required shall be
equipped with one of the following features arranged to prevent
oven operation when airflow is below the minimum required:

(1) Mechanical stops
(2) Cut-away dampers
(3) Limit switches interlocked into the safety circuitry

8.6 Combustion Air Safety Devices.

8.6.1 Where air from the exhaust or recirculating fans is re-
quired for combustion of the fuel, airflow shall be proved
prior to an ignition attempt.

8.6.2 Reduction of airflow to a level below the minimum re-
quired level shall result in closure of the safety shutoff valves.

8.6.3 Where a combustion air blower is used, the minimum
combustion airflow or source pressure needed for burner op-
eration shall be proved prior to each attempt at ignition.

8.6.4 Motor starters on equipment required for combustion of
the fuel shall be interlocked into the combustion safety circuitry.

8.6.5* Combustion air minimum pressure or flow shall be in-
terlocked into combustion safety circuitry by any of the follow-
ing methods:
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(1) A low pressure switch that senses and monitors the com-
bustion air source pressure

(2) A differential pressure switch that senses the differen-
tial pressure across a fixed orifice in the combustion air
system

(3) An airflow switch

8.6.6* Where it is possible for combustion air pressure to exceed
the maximum safe operating pressure, a high pressure switch
interlocked into the combustion safety circuitry shall be used.

8.7 Safety Shutoff Valves (Fuel Gas or Oil).

8.7.1 General.

8.7.1.1 Safety shutoff valves shall be a key safety control to
protect against explosions and fires.

8.7.1.2* Each safety shutoff valve required in 8.7.2.1 and
8.7.3.1 shall automatically shut off the fuel to the burner sys-
tem after interruption of the holding medium (such as elec-
tric current or fluid pressure) by any one of the interlocking
safety devices, combustion safeguards, or operating controls,
unless otherwise permitted by 8.7.1.3.

8.7.1.3 In fuel gas systems or oil systems only, where multiple
burners or pilots operate as a burner system firing into a com-
mon heating chamber, the loss of flame signal at one or more
burners shall either comply with 8.7.1.2 or shall shut off those
burner(s) by closing a single safety shutoff valve, where the
following conditions are satisfied:

(1) Individual burner safety shutoff valve meets one of the
two following conditions:
(a) It is demonstrated, based on available airflow, that

failure of the valve to close will result in a fuel concen-
tration not greater than 25 percent of the LEL.

(b) The safety shutoff valve has proof of closure accept-
able to the authority having jurisdiction.

(2) The safety shutoff valve upstream of the individual burner
safety shutoff valves shall close when any of the following
conditions occurs:
(a) Upon activation of any operating control or inter-

locking safety device other than the combustion safe-
guard

(b) Where the individual burner valves do not have proof
of closure as described in 8.7.1.3(1)(b) and the num-
ber of failed burners is capable of exceeding 25 per-
cent of the LEL if single burner safety shutoff valves
fail in the open position

(c) Where individual burner valves have proof of closure
as described in 8.7.1.3(1)(b) and verification that the
individual burner safety shutoff valve has closed fol-
lowing loss of flame signal at the burner is not present

(d) Upon loss of flame signal at all burners in the burner
system or at a number of burners in the burner sys-
tem that will result in a fuel concentration greater
than 25 percent of the LEL

(e) When the heating chamber is proved at or above
1400°F (760°C) and both of the following conditions
exist:

i. Individual burners are shut off by closing a single
safety shutoff valve equipped with proof-of-
closure switch and proven closed.

ii. If a burner is shut off by closing one safety shut-
off valve and that safety shutoff valve is not
proven closed, a second safety shutoff valve up-
stream closes within 5 seconds.

8.7.1.4 Safety shutoff valves shall not be used as modulating
control valves unless they are designed as both safety shutoff
and modulation valves and tested for concurrent use.

8.7.1.5 The use of listed safety shutoff valves designed as both
a safety shutoff valve and a modulating valve, and tested for
concurrent use, shall be permitted.

8.7.1.6 Valve components shall be of a material selected for
compatibility with the fuel handled and for ambient conditions.

8.7.1.7 Safety shutoff valves in systems containing particulate
matter or highly corrosive fuel gas shall be operated at time inter-
vals in accordance with the manufacturer’s instructions in order
to maintain the safety shutoff valves in operating condition.

8.7.1.8 Valves shall not be subjected to supply pressures in
excess of the manufacturer’s ratings.

8.7.1.9* Valves shall be selected to withstand the maximum
anticipated back pressure of the system.

8.7.1.10* If the inlet pressure to a fuel pressure regulator ex-
ceeds the pressure rating of any downstream component,
overpressure protection shall be provided.

8.7.1.11 Local visual position indication shall be provided at
each safety shutoff valve to burners or pilots in excess of
150,000 Btu/hr (44 kW).

(A) The local visual position indication shall directly indicate
the physical position, closed and open, of the valve.

(B) Where lights are used for position indication, the ab-
sence of light shall not be used to indicate open or closed
position.

(C) Indirect indication of valve position, such as by monitor-
ing operator current voltage or pressure, shall not be permitted.

8.7.2* Fuel Gas Safety Shutoff Valves.

8.7.2.1 Each main and pilot fuel gas burner system shall be
separately equipped with either of the following:

(1) Two safety shutoff valves piped in series
(2) For radiant tube–fired burner systems only, a single safety

shutoff valve where either of the following conditions is
satisfied:
(a) The tubes are of metal construction and open at one

or both ends with heat recovery systems, if used, that
are of explosion-resistant construction.

(b) The entire radiant tube heating system, including any
associated heat recovery system, is of explosion-
resistant construction.

8.7.2.2* Where the main or pilot fuel gas burner system capac-
ity exceeds 400,000 Btu/hr (117 kW), at least one of the safety
shutoff valves between each burner and the fuel supply shall
be proved closed and interlocked with the preignition purge
interval.

(A) A proved closed condition shall be accomplished by ei-
ther of the following means:

(1) A proof-of-closure switch
(2) A valve proving system

(B) Auxiliary and closed position indicator switches shall not
satisfy the proved closed requirement of 8.7.2.2(A).
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8.7.2.3 Means for testing all fuel gas safety shutoff valves for
valve seat leakage shall be installed.

8.7.3 Oil Safety Shutoff Valves.

8.7.3.1 One oil safety shutoff valve shall be required, except
that two safety shutoff valves shall be required where any one
of the following conditions exists:

(1) The pressure is greater than 125 psi (862 kPa).
(2) The fuel oil pump operates without the main oil burner

firing, regardless of the pressure.
(3) The fuel oil pump operates during the fuel gas burner

operation of combination gas and oil burners.

8.7.3.2* Where two safety shutoff valves are required by 8.7.3.1
and where the burner system capacity exceeds 400,000 Btu/hr
(117 kW), at least one of the safety shutoff valves between each
burner and the fuel supply shall be proved closed and inter-
locked with the preignition purge interval.

8.8 Fuel Pressure Switches (Gas or Oil).

8.8.1 A low fuel pressure switch shall be provided and shall be
interlocked into the combustion safety circuitry.

8.8.2 A high fuel pressure switch shall be provided and shall
meet the following criteria:

(1) It shall be interlocked into the combustion safety cir-
cuitry.

(2) It shall be located downstream of the final pressure-
reducing regulator.

8.8.3 Pressure switch settings shall be made in accordance
with the operating limits of the burner system.

8.9 Combustion Safeguards (Flame Supervision).

8.9.1 Each burner flame shall have a combustion safeguard
that has a maximum flame failure response time of 4 seconds
or less, that performs a safe-start check, and that is interlocked
into the combustion safety circuitry in accordance with the
following:

(1) The flame supervision shall not be required in the com-
bustion safety circuitry of a furnace zone when that zone
temperature is greater than 1400°F (760°C), and the fol-
lowing criteria are met:
(a) When the zone temperature drops to less than

1400°F (760°C), the burner is interlocked to allow its
operation only if flame supervision has been re-
established.

(b) A 1400°F (760°C) bypass controller is used to meet
the requirement of 8.9.1(1)(a).

(2) Combustion safeguards on radiant tube–type heating sys-
tems are not required where a means of ignition is pro-
vided and the systems are arranged and designed such
that either of the following conditions is satisfied:
(a) The tubes are of metal construction and open at one

or both ends with heat recovery systems, if used, that
are of explosion-resistant construction.

(b) The entire radiant tube heating system, including any
associated heat recovery system, is of explosion-
resistant construction.

(3) Burners without flame supervision are interlocked to pre-
vent their operation when the zone temperature is less
than 1400°F (760°C) by using a 1400°F (760°C) bypass
controller.

8.9.2* Flame Supervision.

8.9.2.1 Each pilot and main burner flame shall be equipped
with flame supervision in one of the following ways:

(1) Main and pilot flames supervised with independent flame
sensors

(2) Main and interrupted pilot flames supervised with a single
flame sensor

(3)*Self-piloted burner supervised with a single flame sensor

8.9.2.2* Line burners, pipe burners, and radiant burners,
where installed adjacent to one another or connected with
flame-propagating devices, shall be considered to be a single
burner and shall have at least one flame safeguard installed to
sense burner flame at the end of the assembly farthest from
the source of ignition.

8.10 Fuel Oil Atomization (Other Than Mechanical Atomi-
zation).

8.10.1 The pressure of the atomizing medium shall be
proved and interlocked into the combustion safety circuitry.

8.10.2 The low pressure switch used to supervise the atomiz-
ing medium shall be located downstream from all valves and
other obstructions that can shut off flow or cause pressure
drop of atomization medium.

8.10.3 Where the atomizing medium requires modulation,
an additional low atomizing medium pressure switch, located
upstream of the modulating valve, shall be provided to meet
the requirements of 8.10.1.

8.11* Fuel Oil Temperature Limit Devices. Where equipment
is used to regulate fuel oil temperature, fuel oil temperature
limit devices shall be provided and interlocked into the com-
bustion safety circuitry if it is possible for the fuel oil tempera-
ture to rise above or fall below the temperature range re-
quired by the burners.

8.12 Multiple Fuel Systems.

8.12.1* Safety equipment in accordance with the require-
ments of this standard shall be provided for each fuel used.

8.12.2 Where dual-fuel burners, excluding combination
burners, are used, positive provision shall be made to prevent
the simultaneous introduction of both fuels.

8.13 Air–Fuel Gas Mixing Machines.

8.13.1 A safety shutoff valve shall be installed in the fuel gas
supply connection of any mixing machine.

8.13.2 The safety shutoff valve shall be arranged to shut off
the fuel gas supply automatically when the mixing machine is
not in operation or in the event of an air or fuel gas supply
failure.

8.14 Oxygen Safety Devices.

8.14.1 Two oxygen safety shutoff valves in series shall be pro-
vided in the oxygen supply line.

8.14.2 A filter or fine-mesh strainer shall precede the up-
stream safety shutoff valve.

8.14.3 A high oxygen flow or pressure limit shall be inter-
locked into the combustion safety circuitry, with the switch
located downstream of the final pressure regulator or auto-
matic flow control valve.
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8.14.4 A low oxygen flow or pressure limit shall be inter-
locked into the combustion safety circuitry.

8.14.5 The oxygen safety shutoff valves shall shut automati-
cally after interruption of the holding medium by any one of
the interlocking safety devices.

8.14.6 Safety shutoff valves shall not be used as modulating
control valves unless they are designed as both safety shutoff
and modulation valves and tested for concurrent use.

8.14.7 A means for making tightness checks of all oxygen
safety shutoff valves shall be provided.

8.14.8 Local visual position indication shall be provided for
each oxygen safety shutoff valve to burners or pilots in excess
of 150,000 Btu/hr (44 kW).

8.14.8.1 The position indication shall directly indicate the
physical position, closed and open, of the valve.

8.14.8.2 Where lights are used for position indication, the
absence of light shall not be used to indicate open or closed
position.

8.14.8.3 Indirect indication of valve position, such as by
monitoring operator current voltage or pressure, shall not be
permitted.

8.14.9 Oxygen-Enriched Burners.

8.14.9.1 Where oxygen is added to a combustion air line, an
interlock shall be provided to allow oxygen flow only when
airflow is proved continuously.

8.14.9.2 Airflow shall be proved in accordance with the re-
quirements of Section 8.5.

8.14.9.3 Upon loss of oxygen flow, the flow of fuel shall shut
off, except where there is no interruption in the flow of com-
bustion air and the control system is able to revert automati-
cally to a safe air–fuel ratio before a hazard due to a fuel-rich
flame is created.

8.14.10 Burner systems employing water or other liquid cool-
ants shall be equipped with a low coolant flow limit switch
located downstream of the burner and interlocked into the
combustion safety circuitry.

8.14.10.1 A time delay in the shutdown of the oxygen-
enriched burner system shall not be permitted except where
an alarm is activated and it can be demonstrated that such a
delay cannot create a hazard, and the system is approved.

8.14.10.2 Coolant piping systems shall be protected from
freezing.

8.14.10.3 Coolant piping systems shall be protected from
overpressurization.

8.15 Ignition of Main Burners — Fuel Gas or Oil. Where a
reduced firing rate is required for ignition of the burner, an
interlock shall be provided to prove the control valve has
moved to the design position prior to each attempt at ignition.

8.16* Excess Temperature Limit Controller.

8.16.1 An excess temperature limit controller shall be pro-
vided and interlocked into the combustion safety circuitry, un-
less permitted by 8.16.2.

8.16.2 An excess temperature limit shall not be required for
Class B, Class C, or Class D furnaces where it can be demon-

strated that the maximum temperature limit specified by the
furnace manufacturer cannot be exceeded.

8.16.3 Operation of the excess temperature limit controller
shall cut off the heating system before the oven’s maximum tem-
perature, as specified by the oven manufacturer, is exceeded.

8.16.4 Operation of the excess temperature limit controller
shall require manual reset before restart of the furnace or
affected furnace zone.

8.16.5 Open-circuit failure of the temperature-sensing com-
ponents of the excess temperature limit controller shall cause
the same response as an excess temperature condition.

8.16.6* Excess temperature controllers shall be equipped with
temperature indication.

8.16.7* The temperature-sensing element of the excess tem-
perature limit controller shall be selected for the temperature
and atmosphere to which they are exposed.

8.16.8* The temperature-sensing element of the excess tem-
perature limit controller shall be located where recom-
mended by the oven manufacturer or designer.

8.16.9* The excess temperature limit controller shall indicate
its set point in temperature units that is consistent with the
primary temperature-indicating controller.

8.16.10 The operating temperature controller and its
temperature-sensing element shall not be used as the excess
temperature limit controller.

8.17 1400°F (760°C) Bypass Controller.

8.17.1 Where flame supervision is switched out of the com-
bustion safety circuitry or unsupervised burners are brought
on-line, as permitted by 8.9.1(1) or (3), a 1400°F (760°C) by-
pass controller shall be used.

8.17.2 Open circuit failure of the temperature-sensing com-
ponents shall cause the same response as an operating tem-
perature less than 1400°F (760°C).

8.17.3* The 1400°F (760°C) bypass controller shall be
equipped with temperature indication.

8.17.4* The temperature-sensing components of the 1400°F
(760°C) bypass controller shall be rated for the temperature
and atmosphere to which they are exposed.

8.17.5 The temperature-sensing element of the 1400°F
(760°C) bypass controller shall be located so that unsuper-
vised burners will not be allowed to operate at temperatures
below 1400°F (760°C).

8.17.6 The 1400°F (760°C) bypass controller set point shall
not be set below 1400°F (760°C) and shall indicate its set point
in units of temperature (°F or °C) that are consistent with the
primary temperature-indicating controller.

8.17.7 Visual indication shall be provided to indicate when
the 1400°F (760°C) bypass controller is in the bypass mode.

8.17.8 The operating temperature controller and its
temperature-sensing element shall not be used as the 1400°F
(760°C) bypass controller.

8.18 Electrical Heating Systems.

8.18.1 Heating Equipment Controls.

8.18.1.1* Electric heating equipment shall be equipped with a
main disconnect device or with multiple devices to provide
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back-up circuit protection to equipment and to persons servic-
ing the equipment.

8.18.1.2 The disconnecting device(s) required by 8.18.1.1
shall be capable of interrupting maximum available fault cur-
rent as well as rated load current.

8.18.1.3 Shutdown of the heating power source shall not af-
fect the operation of equipment such as conveyors, ventilation
or recirculation fans, cooling components, and other auxiliary
equipment, unless specifically designed to do so.

8.18.1.4 Resistance heaters larger than 48 amperes shall not
be required to be subdivided into circuits of 48 amperes or
less.

8.18.1.5* The capacity of all electrical devices used to control
energy for the heating load shall be selected on the basis of
continuous duty load ratings where fully equipped for the lo-
cation and type of service proposed.

8.18.1.6 All controls using thermal protection or trip mecha-
nisms shall be located or protected to preclude faulty opera-
tion due to ambient temperatures.

8.18.2* Excess Temperature Limit Controller.

8.18.2.1 Excess temperature limit controllers shall be in-
stalled in accordance with one of the following:

(1) An excess temperature limit controller shall be installed
and interlocked into the safety circuitry.

(2) Class B, Class C, or Class D furnaces shall not be required
to have an excess temperature where it can be demon-
strated that the maximum temperature limit specified by
the furnace manufacturer cannot be exceeded.

8.18.2.2 Operation of the excess limit controller shall shut off
the heating system before the oven’s maximum temperature,
as specified by the oven manufacturer, is exceeded.

8.18.2.3 Operation of the excess temperature limit controller
shall require manual reset before restart of the furnace or
affected furnace zone.

8.18.2.4 Open circuit failure of the temperature-sensing
components of the excess temperature limit controller shall
cause the same response as an excess temperature condition.

8.18.2.5* Excess temperature controllers shall be equipped
with temperature indication.

8.18.2.6* The temperature-sensing components of the excess
temperature limit controller shall be rated for the tempera-
ture and atmosphere to which they are exposed.

8.18.2.7* The temperature-sensing element of the excess tem-
perature limit controller shall be located where recom-
mended by the oven manufacturer or designer.

8.18.2.8* The excess temperature limit controller shall indi-
cate its set point in temperature units that are consistent with
the primary temperature indicating controller.

8.18.2.9 The operating temperature controller and its
temperature-sensing element shall not be used as the excess
temperature limit controller.

8.19* Fluid-Heated Systems — Excess Temperature Limit
Controller.

8.19.1 Excess temperature limit controllers shall be installed
in accordance with one of the following:

(1) An excess temperature limit controller shall be installed
and interlocked into the safety circuitry.

(2) Class B, Class C, or Class D furnaces shall not be required
to have an excess temperature where it can be demon-
strated that the maximum temperature limit specified by
the furnace manufacturer cannot be exceeded.

8.19.2* Interrupting the supply of heat transfer fluid shall not
cause damage to the remainder of the heat transfer system.

8.19.3 Operation of the excess temperature limit controller
shall shut off the heating system before the oven’s maximum
temperature, as specified by the oven manufacturer, is exceeded.

8.19.4 Operation of the excess temperature limit controller
shall require manual reset before re-establishing the flow of
heat transfer fluid.

8.19.5 Open circuit failure of the temperature-sensing com-
ponents of the excess temperature limit controller shall cause
the same response as an excess temperature condition.

8.19.6* Excess temperature controllers shall be equipped with
temperature indication.

8.19.7* The temperature-sensing components of the excess
temperature limit controller shall be rated for the tempera-
ture and atmosphere to which they are exposed.

8.19.8* The temperature-sensing element of the excess tem-
perature limit controller shall be located where recom-
mended by the oven manufacturer or designer.

8.19.9* The excess temperature limit controller shall indicate
its set point in temperature units that are consistent with the
primary temperature indicating controller.

8.19.10 The operating temperature controller and its
temperature-sensing element shall not be used as the excess
temperature limit controller.

Chapter 9 Thermal Oxidizer

9.1 Scope. This chapter shall apply to all thermal oxidizers,
including the following:

(1) Afterburners
(2) Direct thermal oxidizers
(3) Direct catalytic oxidizers
(4) Fume incinerators
(5) Recuperative thermal oxidizers
(6) Recuperative catalytic oxidizers
(7) Regenerative thermal oxidizers
(8) Regenerative catalytic oxidizers
(9) Flameless thermal oxidizers

(10) Other devices that can restrict ventilation of ovens

9.2 General.

9.2.1* The design and construction of fume incinerators shall
comply with all requirements for Class A ovens in this stan-
dard, except for the requirements for explosion relief.

9.2.2 Precautions shall be taken to reduce fire hazards where
the relative location of equipment or the type of fumes gener-
ated are such that combustible liquids can condense or solids
can be deposited between the generating process and the af-
terburner.
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9.2.3* Thermal oxidizers shall not reduce the required safety
ventilation specified in this standard.

9.3* Direct-Fired Fume Incinerators.

9.3.1* The design and operation of combustion systems and
controls shall comply with all parts of this standard pertaining
to direct-fired ovens.

9.3.2* An excess temperature limit controller shall be in-
stalled to prevent the uncontrolled temperature rise in the
fume incinerator, and its operation shall cause the following:

(1) Interruption of fuel to the fume incinerator burner
(2) Interruption of the source of fumes to the incinerator

9.4 Direct Heat Recovery Systems.

9.4.1 Proved fresh air shall be introduced into the system to
provide the oxygen necessary for combustion of hydrocarbons
as well as primary burner fuel.

9.4.2 Fresh air shall be introduced through openings that
supply air directly to each zone circulating system.

9.4.3 Where direct heat recovery systems are employed and
portions of the incinerator exhaust gases are utilized as the
heat source for one or more of the zones of the fume-
generating oven, special precautions shall be taken to prevent
recycling unburned solvent vapors.

9.5* Catalytic Fume Incinerators.

9.5.1 The requirements in Section 9.3 for direct-fired fume
incinerators shall apply to catalytic fume incinerators.

9.5.2* An additional excess temperature limit controller shall
be located downstream from the discharge of the catalyst bed
for thermal protection of the catalyst elements, and its opera-
tion shall cause the following:

(1) Interruption of fuel to the burner
(2) Interruption of the source of fumes

9.5.3* Process exhaust ventilation shall be provided to main-
tain vapor concentrations that cannot generate temperatures
at which thermal degradation of the catalyst can occur.

9.5.4* A differential pressure (P) high limit switch, measuring
across the catalyst bed, shall be used to detect particulate con-
tamination, and its operation shall cause the following:

(1) Interruption of fuel to the fume incinerator burner
(2) Interruption of the source of fumes to the incinerator

9.5.5* Where catalysts are utilized with direct heat recovery, a
maintenance program shall be established, and frequent tests
of catalyst performance shall be conducted so that unburned
or partially burned vapors are not reintroduced into the pro-
cess oven.

Chapter 10 Class A Ovens and Furnaces

10.1 Safety Ventilation for Class A Ovens.

10.1.1 General Safety Ventilation Requirements.

10.1.1.1 Air circulation shall be used to minimize the volume
of flammable concentration regions that are present at the
point of evaporation within the oven.

10.1.1.2 Combustible solids or substrate material shall not
require safety ventilation unless flammable constituents are
evolved in the process of heating.

10.1.1.3 The determination of safety ventilation shall be
based on all of the following:

(1) Volume of products of combustion entering the oven
heating chamber

(2) Weight or volume of flammable or combustible constitu-
ents released during the heating process, based on maxi-
mum loading

(3) Solvent that requires the greatest amount of ventilation
air per gallon (liter) when a combination of solvents is
used

(4) Design of the oven heating and ventilation system with
regard to all of the following:
(a) Materials to be processed
(b) Temperature to which processed materials are raised
(c) Method of heating with regard to direct or indirect

venting of combustion products vs. alternate use of
steam or electrical energy

(d) General design of the oven with regard to continuous
or batch-type operation

(e) Type of fuel and chemicals to be used and any by-
products generated in the heating chamber

10.1.1.4 On completion of an oven installation, airflow tests
shall be conducted on the ventilation systems under the oven
operating conditions, with flow control devices at their mini-
mum setting.

10.1.1.5 The airflow tests required by 10.1.1.4 shall be re-
peated when the flammable or combustible vapor loadings are
increased or when modifications are made to the ventilation
system.

10.1.1.6 Safety ventilation shall be maintained until all flam-
mable vapors are removed or have been released from the
oven and other associated equipment.

10.1.1.7 Class A ovens shall be mechanically ventilated.

10.1.1.8* If reduction of safety ventilation by accumulation of
deposits is possible for the oven’s intended use, the fan design
shall be selected to prevent this accumulation.

10.1.1.9 Class A ovens shall be ventilated directly to outdoor
atmosphere or indirectly to outdoor atmosphere through a
fume incinerator in accordance with Chapter 9 or through
other approved volatile organic compound (VOC) or particu-
late pollution control devices.

10.1.1.10 Exhaust duct openings shall be located in the areas
of greatest concentration of vapors within the oven enclosure.

10.1.1.11* A single fan shall not be used for both recirculation
and exhaust.

10.1.1.12 Where used, multiple exhaust fans, manifolded to-
gether, shall be designed so that the operation of one or more
exhaust fans does not result in backflow to an idle oven or
reduced exhaust flow due to increased manifold pressure.

10.1.1.13 Ovens in which the temperature is controlled by vary-
ing airflow shall be designed so that the air required for safety
ventilation is maintained during all operating conditions.

10.1.1.14 A separate exhaust system shall be used for exhaust-
ing the products of combustion from indirect-fired heating
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systems or indirect-fired internal heating systems, unless oth-
erwise permitted by 10.1.1.15.

10.1.1.15 All indirect fired ovens shall be equipped with one
of the following:

(1) Separate exhaust systems for removing the products of
combustion and the process stream

(2) A single exhaust system for removing both the products of
combustion and the process stream, when the tempera-
ture of the products of combustion is reduced by the ad-
dition of fresh air to a point where it is insufficient to
cause ignition of any combustible fumes in the oven ex-
haust system and with approval from the AHJ

10.1.1.16* Air supplied into the oven shall be circulated to
produce a uniform distribution and movement in all parts of
the oven and through the work in process.

10.1.2 Interlocks.

10.1.2.1 Interlocks for exhaust and recirculation fans shall be
installed in accordance with Sections 8.5 and 8.6.

10.1.2.2 Electrical interlocks obtained through interconnec-
tion with a motor starter shall be provided for exhaust and
recirculation fans.

10.1.2.3 Conveyors or sources of flammable or combustible
material shall be interlocked to shut down upon the occur-
rence of excess temperature or if either the exhaust or recir-
culation system fails.

10.1.3 Heat Recovery and Pollution Control Devices.

10.1.3.1* If the installation of heat recovery devices and pollu-
tion control devices reduces the combustion airflow or ex-
haust flow below that required for purge or safety ventilation,
the purge flow rate or purge time shall be increased to com-
pensate for the reduction.

10.1.3.2 Heat recovery devices and pollution control devices
shall be designed and maintained to prevent reduction or loss
of safety ventilation due to such factors as the condensation of
flammable volatiles and foreign materials.

10.1.3.3 Heat recovery devices and pollution control devices
shall be designed to minimize fire hazards due to the presence
of combustible products or residue.

10.1.4 Fresh Air Supply and Exhaust.

10.1.4.1 Ovens in which flammable vapors are being pro-
duced or are combined with the products of combustion shall
be exhausted.

10.1.4.2 All ovens shall have the exhaust fan motor starter
and airflow switch interlocked to prevent operation of the
heating units unless the exhaust fans are running.

10.1.4.3 Devices that control the volume of fresh air admitted
to, and the vapors or gases exhausted from, the oven shall be
designed so that when at the minimum setting they exceed the
volume required for safety ventilation.

10.1.5 Corrections for Temperature and Altitude.

10.1.5.1* Temperature Correction Factor.

(A) Temperature correction factors for volume shall be ap-
plied because the volume of gas varies in direct proportion to
its absolute temperature.

(B) Volume correction factors shall be determined in accor-
dance with the following relationship or by using Table
10.1.5.1(B):

t°F + 460°F
70°F + 460°F

 = correction factor (U.S. customaryy units)  or

°C + 273°C
21°C + 273°C

 = correction factor (
t

SSI units)

where:
t = exhaust temperature

10.1.5.2* LEL Correction Factor.

(A) The LEL value for continuous process ovens shall be cor-
rected for the oven operating temperature in accordance with
the following formula or by using Table 10.1.5.2(A):

LEL  = LEL  [1  0.000436 F  77 F ]  or

LEL  = LEL

77 F

25

t

t

t° − ° − °( )

°° − ° − °C  [1  0.000784 C  25 C ]t( )

where:
t = oven temperature, °F or °C

(B) For batch process ovens, the temperature multiplier
specified in 10.1.7.4 shall be used.

Table 10.1.5.1(B) Temperature–Volume Conversion Table
(at Sea Level)

Temper-
ature

Factor

Temper-
ature

Factor

Temper-
ature

Factor°F °C °F °C °F °C

70 21 1 300 149 1.43 950 510 2.66
100 38 1.06 350 177 1.53 1000 538 2.75
110 43 1.075 400 204 1.62 1050 566 2.85
120 49 1.09 450 232 1.72 1100 593 2.94
130 54 1.11 500 260 1.81 1150 621 3.04
140 60 1.13 550 288 1.90 1200 649 3.13
150 66 1.15 600 316 2.00 1250 677 3.23
175 79 1.20 650 343 2.09 1300 704 3.32
200 93 1.24 700 371 2.19 1350 732 3.42
225 107 1.29 750 399 2.28 1400 760 3.51
250 121 1.34 850 454 2.47
275 135 1.38 900 482 2.57

Table 10.1.5.2(A) Oven Temperature Correction Factors

Oven Temperature LEL
Correction

Factor°F °C

77 25 1.00
212 100 0.94
300 149 0.90
400 204 0.86
500 260 0.81
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10.1.5.3 Altitude Correction Factor.

(A)* The altitude correction factors for volume in Table
10.1.5.3(A) shall be applied, unless otherwise permitted by
10.1.5.3(B).

(B) Correction factors shall not be required at altitudes lower
than 1000 ft (305 m) above sea level.

10.1.6* Continuous Process Oven.

10.1.6.1* Rate of Solvent Vapor Ventilation.

(A) The safety ventilation rate of continuous process ovens
shall be designed, maintained, and operated to do either of
the following:

(1) Prevent the vapor concentration in the oven exhaust from
exceeding 25 percent of the LEL

(2) Operate at a safety ventilation rate lower than that speci-
fied in 10.1.6.1(A)(1) where a continuous solvent vapor
concentration indicator and controller meeting the crite-
ria of 10.1.6.1(B) is provided in accordance with 10.2.8

(B) Where a continuous solvent vapor indicator and controller
is provided, it shall be arranged to do either of the following:

(1) Alarm and shut down the oven heating systems
(2) Operate additional exhaust fans at a predetermined va-

por concentration not exceeding 50 percent of the LEL

10.1.6.2 Method for Determining Solvent Safety Ventilation
Rate.

(A)* In continuous process ovens, the rate of safety ventilation
air shall be either calculated using 10.1.6.2(B) or 10.1.6.2(C)
or estimated using 10.1.6.2(D). The values determined shall
be corrected for the exhaust stream temperature and altitude
to determine the actual flow.

(B) Method A shall be calculated as follows:

(1) Determine the cubic feet of vapor per gallon of solvent
using the following equation:

ft  vapor
gal solvent

 = 
8.328
0.075

or

m  va

3

3

⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟

SpGr
VD

ppor
L solvent

 = 
0 998
1 200

.

.
⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟

SpGr
VD

where:
1 gal water = 8.328 lb at 70°F, or 1 L water = 0.998 kg

at 21°C
Dry air at 70°F = 0.075 lb/ft3 and 29.9 in. Hg, or

Dry air at 21°C = 1200 kg/m3 and 0.76 m Hg
SpGr = specific gravity of solvent (water = 1.0)

VD = vapor density of solvent vapor (air = 1.0)

(2) Determine the cubic feet of barely explosive mixture per
gallon of solvent using the following equation:

ft  barely explosive mixture
gal solvent

 = 
ft  mixture
gal s

3 3

oolvent

or

m  barely explosive vapor3

⎛

⎝
⎜

⎞

⎠
⎟
⎛

⎝
⎜

⎞

⎠
⎟

100 − LEL
LEL

T

T

LL solvent
=

 mixture
L solvent

 3m⎛

⎝
⎜

⎞

⎠
⎟
⎛

⎝
⎜

⎞

⎠
⎟

100 − LEL
LEL

T

T

where:
LELT = lower explosive limit expressed in percent by

volume in air, corrected for temperature

(3) Determine the cubic feet of diluted mixture at 25 percent
LEL per gallon of solvent evaporated in the process using
the following equation:

ft  diluted mixture   
gal solvent evaporated

 = 
ft3 3@ %25

4
LEL   mixture

gal solvent

or

m  diluted mixture   
L 

3

⎛

⎝
⎜

⎞

⎠
⎟

@ %25 LEL
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(C) Method B shall be calculated by determining the cubic
feet of vapor per gallon of solvent using the following equa-
tion:
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(D)* Method for Estimating Solvent Safety Ventilation Rate.
Continuous process ovens shall have a rate of safety ventilation
for volatile materials of 12,000 ft3 (340 m3) of fresh air re-
ferred to 70°F (21°C) (at sea level) per gallon (3.8 liter) of
solvent evaporated in the oven, where all the following con-
ditions are met:

(1) The elevation is below 1000 ft (305 m).
(2) The oven operating temperature is at or below 350°F

(177°C).
(3) The volume of air rendered barely flammable for the sol-

vent used is less than 2640 standard ft3/gal (19.75 stan-
dard m3/L).

(4) The rate of safety ventilation is corrected for the tempera-
ture of the exhaust stream exiting the oven.

10.1.6.3 Method for Calculating Ventilation Rate for Prod-
ucts of Combustion. The method for calculating ventilation
rate for products of combustion shall be as follows:

Table 10.1.5.3(A) Altitude Correction Factors

Altitude
Correction

Factorft m

0 0 1.00
1,000 305 1.04
2,000 610 1.08
3,000 915 1.12
4,000 1,220 1.16
5,000 1,524 1.20
6,000 1,829 1.25
7,000 2,134 1.30
8,000 2,438 1.35
9,000 2,743 1.40

10,000 3,048 1.45
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(1) The minimum oven exhaust volume for safety ventilation
in continuous process ovens, including powder coating
ovens, where a direct-fired combustion system (within or
remote from the oven chamber) is used shall include the
volume of combustion products from burners.

(2) The value used for the products of combustion shall be
183 scfm (5.18 standard m3/min) per 1,000,000 Btu/hr
(293.1 kW) burner rating.

(3) The products of combustion shall be adjusted for oven
operating temperature and altitude.

(4) The adjusted value shall be added to the value deter-
mined from 10.1.6.2.

10.1.6.4* Method for Calculating Ventilation Rate for Powder
Curing Ovens. The method for calculating ventilation rate for
powder curing ovens shall be as follows:

(1) The safety ventilation required for powder curing ovens
shall be calculated by assuming that 9 percent of the mass
of the powder is xylene and the remaining mass is inert.

(2) The safety ventilation shall then be determined for xylene
in accordance with 10.1.6.2 and 10.1.6.3.

10.1.7* Batch Process Ovens.

10.1.7.1* Published chemical properties shall be used where
chemical manufacturer’s data are not available.

10.1.7.2* Method for Estimating Rate of Ventilation. Batch
ovens shall have a minimum safety ventilation rate of that
given in either 10.1.7.2(A) or 10.1.7.2(B).

(A) The safety ventilation rate of batch ovens shall be de-
signed and maintained to provide 440 scfm of air per gal (3.29
standard m3/min of air per L) of flammable volatiles in each
batch.

(B) Where the solvent used has a quantity of air necessary to
render 1 gal (1 L) of solvent barely explosive exceeding
2640 ft3 (19.75 m3), safety ventilation shall be adjusted in pro-
portion to the ratio of the actual volume of air necessary to
render 1 gal (1 L) of these solvents barely explosive to 2640 ft3

(19.75 m3).

CAUTION: Caution shall be used where applying this
method to products of low mass that can heat up quickly (such
as paper or textiles) or materials coated with very highly vola-
tile solvents. Either condition can produce too high a peak
evaporation rate for this method to be used.

10.1.7.3 Method for Calculating Ventilation Rate. The mini-
mum safety ventilation rate shall be one of the following:

(1) 440 scfm of air per gal (3.29 standard m3/min of air per
L) of solvent

(2) Other than 440 scfm where ventilation is provided, with
exhaust fans and other devices to prevent average concen-
tration in the oven from exceeding 25 percent of the LEL

(3) A continuous vapor concentration high limit controller
meeting one of the following criteria is provided:
(a) The controller is arranged to alarm and shut down

the oven heating system.
(b) The controller is arranged to operate additional ex-

haust fans at a predetermined vapor concentration
not exceeding 50 percent of the LEL. The amount of
ventilation air in standard cubic feet (standard cubic
meters) that is rendered barely flammable by the va-
por generated in gallons per hour (liters per hour) of
solvent in use is determined, and the determined
value then is multiplied by an empirical factor of 10

and divided by 60 minutes/hour to obtain the safety
ventilation in standard cubic feet per minute (stan-
dard cubic meters per minute).

10.1.7.4* Correction Factors. Volumes of air specified or cal-
culated in accordance with 10.1.7.2 or 10.1.7.3 shall be cor-
rected for operating temperature in accordance with 10.1.5.1,
for altitude in accordance with 10.1.5.3, and for products of
combustion in accordance with 10.1.6.3.

(A) Batch ovens operating at temperatures from 250°F to
500°F (121°C to 260°C) shall have the volume increased by a
multiplier of 1.4.

(B) Batch ovens operating above 500°F (260°C) shall have
the volume of air increased by a multiplier determined by test.

10.1.7.5 Method for Calculating Ventilation Rate for Powder
Curing Ovens. The safety ventilation required for powder cur-
ing ovens shall be calculated by assuming that 9 percent of the
mass of the powder is xylene and the remaining mass is inert.

10.1.8 Continuous Vapor Concentration High Limits and
Controllers.

10.1.8.1 Where the safety ventilation rate in the oven has
been designed to provide vapor concentrations between
25 percent and 50 percent of the LEL, a continuous vapor
concentration high limit controller shall be provided.

10.1.8.2* The continuous vapor concentration high limit con-
troller shall be capable of detecting and responding to process
upset conditions to initiate reduction of the vapor concentra-
tion before the concentration exceeds 50 percent of the LEL.

10.1.8.3* Where an oven having multiple heating zones and at
least one heating zone operating at or above 25 percent of the
LEL, all other heating zones shall be equipped with either of
the following:

(1) A continuous vapor concentration high limit controller
(2) Without a continuous vapor concentration high limit con-

troller where it can be demonstrated that a heating zone
cannot exceed 25 percent of the LEL in the case of an
accidental increase in solvent input

10.1.8.4* Where a continuous vapor concentration controller
is used to modulate the flow of fresh air or exhaust from an
oven or zone, the following criteria shall apply:

(1) A secondary protection system shall be required to pre-
vent an analyzer failure from causing a hazardous condi-
tion.

(2) The secondary protection system shall have a separate
continuous vapor concentration high limit controller for
each zone.

(3) Limits on damper travel (set for 50 percent LEL for the
highest design solvent input) for each zone shall be per-
mitted in lieu of the requirement of 10.1.8.3(2).

10.1.8.5 The continuous vapor concentration controller and
the continuous vapor concentration high limit controller shall
be calibrated for the application and solvents used.

10.1.8.6 Where a variety of solvents are used, the solvent to
which the controller is least sensitive shall be the primary cali-
bration reference.

10.1.8.7 A record of primary and subsequent calibrations
shall be maintained and reviewed for drift in the controller
response.
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10.1.8.8 Alarms shall be provided to indicate any sample,
flow, circuit, or controller power failures.

(A) Activation of an alarm shall initiate action to reduce the
solvent concentration to a minimum.

(B) The activation of the malfunction alarm shall require
operator intervention in accordance with 10.1.8.10.

10.1.8.9* Activation of the continuous vapor concentration
high limit controller shall alarm and initiate the automatic
reduction of the solvent concentration to a minimum.

10.1.8.10 When the continuous vapor concentration high
limit controller alarm (required by 10.1.8.9) is activated, the
process shall be prevented from restarting until the vapor con-
centration is below the limit level and the operator has manu-
ally reset the system.

10.1.8.11 Continuous vapor alarms shall be calibrated and
maintained in accordance with the following:

(1) The sensor and the sample system shall be maintained at a
temperature that prevents condensation, and sampling
lines shall be clean and airtight.

(2) The system shall be secured against unauthorized ad-
justment.

(3) Maintenance shall be performed in accordance with
manufacturer’s instructions.

(4) Calibration shall be performed in accordance with manu-
facturer’s instructions and shall be performed at least
once per month.

10.2 Low-Oxygen Atmosphere Class A Ovens with Solvent
Recovery.

10.2.1 General.

10.2.1.1 Where low-oxygen atmosphere Class A ovens with
solvent recovery limiting oxygen concentration, oxygen con-
centration shall be maintained by the addition of inert gas.

10.2.1.2* The equipment, including fans and web seals, shall
be gas-tight in order to avoid admission of air.

10.2.2* An oxygen analyzer and controller shall be installed to
limit oxygen concentration to below the value where no mix-
ture is flammable (limiting oxidant concentration) by increas-
ing the flow of inert gas or reducing flammables into the oven.

10.2.2.1 During start-up and shutdown, sufficient inert gas
flow shall be provided to be outside the flammable region.

10.2.2.2* Solvent shall be recovered and sent to a solvent stor-
age system.

10.2.3 Oven Design. The oven shall be designed to accommo-
date the performance of the following procedures for system
operation:

(1) Operational procedures to avoid solvent flammable re-
gion at all times

(2) Starting and purging of the oven with inert gas to lower
the oxygen content to a predetermined level

(3) Heating of the recirculating oven atmosphere to the re-
quired process temperature

(4) Introduction of the workload into the oven enclosure
(5) Continuous operation
(6) Shutdown procedures to avoid the flammable region of

the solvent
(7) Emergency shutdown procedures

10.2.4 Oven Construction and Location. The following re-
quirements shall be met:

(1) Explosion relief shall not be required for low-oxygen at-
mosphere Class A ovens with solvent recovery.

(2) The oven enclosure and any ductwork to and from the
enclosure shall be gas-tight, and access doors shall meet
the following criteria:
(a) They shall be gasketed to minimize leakage.
(b) They shall be designed to prevent opening during

operation.
(3)*The oven and oven end openings shall be designed to mini-

mize the entrance of air and the exit of solvent vapors.
(4) The oven atmosphere circulation system shall be de-

signed to provide sufficient flow throughout the entire
oven and ductwork system to minimize condensation of
the flammable solvent.

10.2.5* Inert Gas Generation and Storage Systems. The oven
system shall have an inert gas supply for oxygen control and
purging.

10.2.5.1 Inert gas for reduction and control of oxygen within
the oven enclosure and associated equipment shall be nitro-
gen, carbon dioxide, or other inert gas.

10.2.5.2 Vessels, controls, and piping that maintain their in-
tegrity at the maximum/minimum design pressures and tem-
peratures shall be provided.

10.2.5.3 ASME tank relief devices shall be provided and
sized, constructed, and tested in accordance with ASME Boiler
and Pressure Vessel Code, Section VIII, Division 1.

10.2.5.4 Bulk storage systems shall be rated and installed to
ensure reliable and uninterrupted flow of inert gas to the user
equipment as necessary.

10.2.5.5 Where inert gases are used as safety purge media,
the following criteria shall be met:

(1) The minimum volume stored is sufficient to purge all con-
nected low-oxygen atmosphere ovens with a minimum of
five oven volumes (see 10.2.6.1), unless otherwise permit-
ted by 10.2.6.2.

(2) The recirculating fans are kept operating during the
purge.

10.2.5.6 The stored volume shall be permitted to be reduced,
provided that both of the following conditions are met:

(1) Mixing is adequate.
(2) The stored volume is sufficient to reduce the concentra-

tion in the oven to the LEL in air.

10.2.6 Vaporizers Used for Liquefied Purging Fluids.

10.2.6.1 Vaporizers utilized to convert cryogenic fluids to the
gas state shall be ambient air-heated units so that their flow is
unaffected by a loss of power, unless otherwise permitted by
10.2.6.2.

10.2.6.2 Where powered vaporizers are used, one of the fol-
lowing conditions shall be met:

(1) The vaporizer has a reserve heating capacity sufficient to
continue vaporizing at least five oven volumes at the re-
quired purge flow rate following power interruption.

(2) Reserve ambient vaporizers are piped to the source of
supply and meet the following criteria:
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(a) The vaporizers are not affected by a freeze-up or flow
stoppage of gas from the power vaporizer.

(b) The vaporizers are capable of evaporating at least five
oven volumes at the required purge flow rate.

(3) Purge gas is available from an alternate source that fulfills
the requirements of 10.2.5.4, 10.2.5.5, 10.2.6.3, and
10.2.6.6.

10.2.6.3 Vaporizers shall be rated by the industrial gas sup-
plier or the owner to vaporize at 150 percent of the highest
purge gas demand for all connected equipment.

10.2.6.4 Winter temperature extremes in the locale shall be
taken into consideration by the agency responsible for rating
the vaporizers specified in 10.2.6.3.

10.2.6.5 It shall be the user’s responsibility to inform the in-
dustrial gas supplier of additions to the plant that materially
increase the inert gas consumption rate, so that vaporizer and
storage capacity can be enlarged in advance of plant expansion.

10.2.6.6* The vaporizer shall be protected against flow de-
mands that exceed its rate of capacity when such demands can
cause closure of a low-temperature shutoff valve.

10.2.6.7 A temperature indicator shall be installed in the va-
porizer effluent piping.

10.2.6.8 An audible or visual low-temperature alarm shall be
provided to alert oven operators whenever the temperature is
in danger of reaching the set point of the low-temperature
flow shutoff valve so that they can begin corrective actions in
advance of the flow stoppage.

10.2.7 Inert Gas Flow Rates.

10.2.7.1* Inert gas shall be provided to dilute air infiltration to
prevent the creation of a flammable gas–air mixture within
the oven.

10.2.7.2 Means shall be provided for metering and control-
ling the flow rate of the inert gas.

10.2.7.3 The flow control shall be accessible and located in
an illuminated area or illuminated so that an operator can
monitor its operation.

10.2.7.4 Where an inert gas flow control unit is equipped
with an automatic emergency inert purge, a manually oper-
ated switch located on the face of the unit and a remote switch
that activates the purge shall be provided.

10.2.7.5 The pressure of the inert gas system shall be regu-
lated to prevent overpressurizing components in the system,
such as glass tube flowmeters.

10.2.8 Inert Gas Piping System.

10.2.8.1 The piping system for inert gas shall be sized to allow
the full flow of inert gas to all connected ovens at the maxi-
mum demand rates.

10.2.8.2 Solders that contain lead shall not be used to join
pipes.

10.2.8.3* Piping that contains cryogenic liquids, or that is in-
stalled downstream of a cryogenic gas vaporizer, shall be con-
structed of metals that retain strength at cryogenic temperatures.

10.2.8.4 Piping and piping components shall be in accor-
dance with ASME B31.3, Process Piping.

10.2.9 Safety Equipment and Application.

10.2.9.1* The oven shall be analyzed continuously and con-
trolled for oxygen content by modulating the addition of inert
gas.

(A) The sample point shall be in the condensing system for
each zone or multiple zones.

(B) The oven shall have a minimum of two analyzers to pro-
vide redundancy.

10.2.9.2 Provision shall be made for power outages by one of
the following:

(1) An emergency standby power generator is provided for
emergency shutdown during a power failure.

(2) Alternate safety shutdown procedures for power failure
are employed.

10.2.9.3* Provisions shall be made to restrict entry into the
oven where the atmosphere could be hazardous to human
health.

10.2.10 Inert Gas Introduction and Starting the Production
Line.

10.2.10.1 The following procedures shall be accomplished
for inert gas introduction and starting the production line:

(1) Verify that all personnel are out of the oven enclosure, all
guards are in place, and all doors are closed.

(2) Verify that the volume of inert gas is in storage and that
the inert gas supply and solvent recovery systems are op-
erational and ready to start production.

(3) The solvent recovery system interfaced with the oven is
operational and prepared to receive solvent-laden gas
prior to starting production.

(4) The recirculation fans are started in the oven enclosure
prior to introduction of inert gas to ensure that effective oxy-
gen purging occurs once inert gas enters the enclosure.

(5)*The oven enclosure is purged with inert gas until the en-
closure oxygen concentration is three percentage points
below the limiting oxidant concentration (LOC) that is
able to support combustion of the solvents used.

(6) The recirculating oven gas is heated to the required oper-
ating temperature.

10.2.11* Production Running.

10.2.11.1 The oven enclosure oxygen concentration shall be
maintained at least three percentage points below the LOC of
the solvent during normal operation.

10.2.11.2 If it is not possible to maintain the oxygen concen-
tration at least one percentage point below the LOC, the
emergency purge shall be activated and the solvent input shall
be stopped.

10.2.11.3 If the oven temperature is not above the solvent
dew point, the oven shall be purged and shut down, and cor-
rective action shall be taken.

10.2.12 Oven Shutdown and Entry. When an oven is shut
down, and it is necessary to enter, the following steps shall be
taken:

(1)*Flow to and from the solvent recovery system shall be con-
tinued, and the system shall be purged with inert gas until
the solvent vapor concentration in the oven enclosure is
no greater than the solvent concentration at the LOC.
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(2) Flow to and from the solvent recovery system shall be dis-
continued, and oven heaters shall be de-energized.

(3) Air shall be introduced into the oven enclosure until the
oxygen level reaches a minimum of 19.5 percent.

10.2.13 Emergency Procedures.

10.2.13.1 In the event of electrical power failure, the equip-
ment or procedures required by 10.2.13.2 shall be operated.

10.2.13.2 The oven shall shut down automatically when the
emergency purge cycle is initiated.

10.2.13.3 The oxygen analyzer that initiates the emergency
purge cycle shall be hard-wired to bypass all other process con-
trol instrumentation.

10.2.13.4 The oven enclosure shall have a vent line that does
the following:

(1) Opens automatically when the emergency purge cycle is
initiated in order to avoid pressurizing the oven enclosure

(2) Discharges to an approved location away from building
makeup air and ignition sources

10.2.14* Training and Maintenance. Operation and mainte-
nance of a low-oxygen oven and its associated recovery equip-
ment shall be performed by the user in accordance with the
manufacturer’s recommendations.

Chapter 11 Class B Ovens and Furnaces

11.1 General. The requirements of Chapters 1 through 8 and
Chapters 11 and 14 shall apply to Class B ovens and furnaces.

11.2* Ventilation of Class B Ovens and Furnaces. Where the
installation of heat recovery devices and pollution control de-
vices reduce the combustion airflow or exhaust flow below
that required for purge, the purge flow rate or purge time
shall be increased to compensate for the reduction.

11.3 Safety Devices for Arc Melting Furnaces.

11.3.1* General. Safety controls for arc melting furnaces shall
meet the following criteria:

(1) They shall be designed to prevent operating the furnace,
unless operating conditions that are within design param-
eters for the furnace have been established.

(2) They shall be designed to shut down the furnace if oper-
ating conditions outside of the design parameters occur.

(3) Their safety controls shall be accessible at all times.

11.3.2 Safety Devices.

11.3.2.1 The furnace main disconnect shall be either a circuit
breaker or fused switch equipped with all of the following
accessories:

(1) Overcurrent relays with inverse time and instantaneous
trips

(2) Overcurrent ground-fault relays with inverse time and in-
stantaneous relays

(3) Undervoltage trip relay
(4) Surge protection
(5) Local and remote close/trip switches interlocked by a

common key so that only one location is capable of being
operated at any time

11.3.2.2 A master lockout switch with a key shall be located at
the furnace operator’s panel.

(A) The switch shall be connected to a circuit breaker by
cables that are separated completely from any other wiring.

(B) The switch shall provide a positive lockout and isolation
of the circuit breaker, thereby preventing accidental closure
of the breaker by grounds in the closing circuit.

(C) The key shall be trapped when the switch is in the on
position and shall be free when in the off position.

(D) The key shall be kept under the supervision of the autho-
rized operator.

11.3.2.3 Interlocks. Interlocks shall be provided to ensure
that all of the following conditions are satisfied before the
main disconnect can be closed:

(1) Furnace transformer heat exchangers are operating.
(2) Oil is flowing to furnace heat exchangers (if fitted).
(3) Water is flowing to furnace transformer heat exchangers

(flow or pressure-proving switch).
(4) Transformer tap changer is on the tap position (if off-

load tap changer fitted).
(5) Furnace transformer oil temperature is within operating

limits.
(6) Furnace transformer winding temperature is within op-

erating limits.
(7) Gas detector is registering no gas in transformer tank.
(8) Furnace electrode drive control gear is on.
(9) All supply voltages are on and within operating limits.

(10) Furnace roof and electrode swing are within operating
limits.

(11) Furnace is within specified limits of forward and back-
ward tilt.

(12) Master lockout switch is on.
(13) Safety shutoff valves on oxygen and fuel lines supplying

burners are proved closed.

11.3.2.4 Interlocks for Main Furnace Structure.

(A) The main furnace structure shall be interlocked where
the arc furnace operation includes tilting of the furnace to
remove molten metal at the end of the furnace heat, and the
following criteria also shall be met:

(1) The furnace shall not be tilted during the melt operation,
and interlocks shall be provided to prevent furnace tilting
until furnace controls have been proved in the correct
position.

(2) Interlocks shall be fitted to prevent tilting of the furnace
unless both of the following conditions are satisfied:
(a) The roof is down.
(b) The limit switches are at forward and backward limits

of travel.

(B) Interlocks shall be fitted to prevent swinging of the roof and
electrodes unless the following three conditions are satisfied:

(1) The electrode arms are up and clear of shell.
(2) The furnace tilt platform is normal and locked (if fitted).
(3) The roof is raised.

11.3.2.5 A compressed air line supply for unclamping elec-
trodes shall be fitted with a solenoid valve interlocked with the
furnace circuit breaker to ensure that the electrodes cannot
be released unless the furnace power is off.

11.3.2.6* For burner ignition with the arc, oxy-fuel and oxygen-
enriched air burner controls shall be interlocked with the fur-
nace controls, and the following criteria also shall apply:
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(1) An isolated contact on the arc furnace controls shall be
provided for interconnecting the burner management
system to establish that enough current is flowing through
the secondary leg of the power transformer to maintain a
strong arc in the furnace.

(2) Operation of a burner shall not be required to be halted
in the event of a momentary interruption of the arc, or
after arc heating has been intentionally discontinued,
provided that the contents of the furnace are incandes-
cent or determined to be at a temperature in excess of
1400°F (760°C).

11.3.2.7 Oxy-fuel burners installed on arc-metal heating fur-
naces shall not be required to have both of the following:

(1) Burner flame pilots or igniters
(2) Combustion safeguards (flame supervision)

Chapter 12 Class C Ovens and Furnaces

12.1 Special Atmospheres.

12.1.1 General.

12.1.1.1 Section 12.1 shall apply to the equipment used to
generate or to store special atmospheres and to meter or con-
trol their flows to atmosphere furnaces.

(A) Section 12.1 shall also apply to generated and synthetic
special atmospheres.

(B) All the requirements in this standard for furnace heating
systems shall apply to generator heating systems, unless other-
wise specified in this section.

12.1.1.2 The selection and operation of the equipment used
to produce or store special atmospheres shall be the responsi-
bility of the user and shall be subject to the authority having
jurisdiction.

12.1.1.3* Unwanted, normal operating, and emergency re-
leases of fluids (gases or liquids) from special atmosphere gen-
erators, storage tanks, gas cylinders, and flow control units
shall be disposed of to an approved location.

12.1.1.4 Venting of unwanted flammable atmosphere gas
shall be done by controlled venting to an approved location
outside the building or by completely burning the atmosphere
gas and venting the products of combustion to an approved
location.

12.1.1.5 Nonflammable and nontoxic fluids shall be vented
to an approved location outside the building at a rate that
does not pose a hazard of asphyxiation.

12.1.1.6 Water-cooled atmosphere generators shall be pro-
vided with valves on the cooling water inlet.

(A) Piping shall be arranged to ensure that equipment jack-
ets are maintained full of water.

(B) Closed cooling water systems shall comply with 5.2.10.

(C) Open cooling water systems shall comply with 5.2.11.

12.1.2* Exothermic Generators.

12.1.2.1* Use of Copper. Copper and copper alloy compo-
nents or materials shall not be used in exothermic atmosphere
gas generators, cooling systems, heat exchangers, and distri-

bution systems where they will be exposed to the make-up,
reacting, or final product exothermic atmosphere gas.

12.1.2.1.1 Copper and copper alloy components or materials
shall not be used in exothermic atmosphere gas generators,
cooling systems, heat exchangers, and distribution systems
where they will be exposed to the make-up, reacting, or final
product exothermic atmosphere gas.

12.1.2.2 Protective Equipment.

(A) Protective equipment shall be selected and applied sepa-
rately for the fuel gas and air, and interlocks shall be provided.

(B) The protective devices shall shut down the system and
shall require manual resetting after any utility (fuel gas, air,
power) or mechanical failure.

(C) Observation ports, or other visual means, shall be pro-
vided to observe the operation of individual burners.

(D) The required protective equipment shall include the
following:

(1) Air supply or mechanical mixer shutoff in the event of loss
of fuel gas for any reason

(2) A device that shuts off the air from a remote supply in case
of power failure or abnormally low or abnormally high
fuel gas pressure at the generator

(3) Flow indicators, meters, or differential pressure devices
on the fuel gas and air supply piping, or a test burner with
flashback protection in the air–gas mixture line, to aid a
trained operator in checking the air–gas ratio

(4) Visual and audible alarm when the safety shutoff valve is
closed

12.1.3* Endothermic Generators — Protective Equipment.

12.1.3.1 Protective equipment shall be selected and installed
separately for the reaction gas and the fuel gas.

12.1.3.2 Where a common gas supply for both the reaction
and fuel gases is used, the same high gas pressure switch shall
be permitted to serve both.

12.1.3.3 The protective equipment shall shut down the sys-
tem, which shall require manual resetting after any utility
(fuel gas, fuel air, power) or mechanical failure.

12.1.3.4 Observation ports shall be provided to allow viewing
of burner operation under all firing conditions.

12.1.3.5* Protective equipment for the reaction section of en-
dothermic generators shall include the following:

(1) Safety shutoff valve(s) in the reaction gas supply piping
requiring manual operation for opening shall close un-
der any of the following conditions:
(a) Low reaction gas pressure
(b) High reaction gas pressure
(c) Loss of reaction air supply
(d) Low generator temperature
(e) Power failure

(2) A low pressure switch in the reaction gas supply piping
shall close the safety shutoff valve and shut off the reac-
tion air supply in case of abnormally low reaction gas
pressure at the mixer.

(3) Where the system is subject to abnormally high reaction
gas pressure, a high pressure switch shall be installed in
the reaction gas supply piping that operates as follows
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when the gas reaction pressure exceeds a predeter-
mined upper value:
(a) The device closes the safety shutoff valve.
(b) The device shuts off the reaction air supply.

(4) A low pressure switch in the reaction air supply piping
connected to an air blower or compressed air line shall
close the safety shutoff valve and shut off the reaction air
supply in case of abnormally low reaction air pressure.

(5) A device that shuts off reaction air in case of power fail-
ure or abnormally low or abnormally high reaction gas
pressure at the mixer shall be included.

(6) A means for making tightness checks of all reaction gas
safety shutoff valves shall be included.

(7) A valve shall be designated the main shutoff valve and
shall be located upstream of the safety shutoff valve and
shall be accessible for normal and emergency shutdown.

(8) A generator temperature control to prevent the flow of
reaction air and reaction gas unless the generator is at
the minimum generator temperature specified by the
generator manufacturer shall be included.

(9) Automatic fire check protection shall be included.
(10) A visual and audible alarm when the reaction gas safety

shutoff valve is closed shall be included.

12.1.3.6 Visual and audible alarms shall be provided to indi-
cate when the heating system is shut down.

12.1.3.7 Sections 8.4 and 8.9 shall not apply to the heating
systems of endothermic gas generators.

12.1.4* Ammonia Dissociators.

12.1.4.1 Construction.

(A) Ammonia dissociators shall be designed and constructed
to withstand the maximum attainable pressure.

(B) All equipment, components, valves, fittings, and other
related items shall be chemically compatible with ammonia.

(C) Use of brass or other copper alloy components in contact
with ammonia or dissociated ammonia shall be prohibited.

12.1.4.2 Protective Equipment.

(A)* Protective equipment for the dissociation vessel shall in-
clude the following:

(1) A relief valve in the high pressure ammonia supply line,
upstream of the pressure-reducing regulator, vented to an
approved location and meeting the following:
(a) Relief shall be set at 100 percent of the design pres-

sure of the ammonia supply manifold.
(b) The relief devices provided shall be sized, con-

structed, and tested in accordance with the ASME
Boiler and Pressure Vessel Code, Section VIII.

(2) A relief valve in the low pressure ammonia line, located
between the high pressure–reducing regulator and the
dissociation vessel, that is vented to an approved location,
and the following criteria shall apply:
(a) Relief shall be set at 100 percent of the design pres-

sure of the dissociation vessel.
(b) The relief devices provided shall be sized, con-

structed, and tested in accordance with the ASME
Boiler and Pressure Vessel Code, Section VIII, Division 1.

(3) A manual shutoff valve between the pressure-reducing
regulator and the dissociator that is accessible to the op-
erator for emergency and normal shutdown

(4) Generator temperature control to prevent flow of ammo-
nia unless the dissociation vessel is at operating tempera-
ture, with minimum dissociation vessel temperature
specified by the ammonia dissociator manufacturer

(5) A safety shutoff valve in the ammonia supply line to the
generator located downstream of the manual shutoff
valve and arranged to close automatically when abnormal
conditions of pressure and temperature are encountered

(6) A visual and audible alarm that is initiated when the am-
monia supply safety shutoff valve is closed

(B) Protective equipment for the dissociator heating system
shall conform to the requirements for endothermic genera-
tors as specified in 12.1.3.

12.1.5* Bulk Storage and Generated Supply Systems for Spe-
cial Atmospheres.

12.1.5.1 General.

(A) Piping and piping components shall be in accordance
with ASME B31.3, Process Piping.

(B) Locations for tanks and cylinders containing flammable or
toxic fluids shall comply with the applicable NFPA standards.

(C) Storage tanks and their associated piping and controls
shall comply with the following standards:

(1) Liquefied petroleum gas systems shall be in accordance
with NFPA 58, Liquefied Petroleum Gas Code.

(2) Fuel gas systems shall be in accordance with NFPA 54,
National Fuel Gas Code.

(3) Hydrogen storage systems shall be in accordance with
NFPA 55, Standard for the Storage, Use, and Handling of Com-
pressed Gases and Cryogenic Fluids in Portable and Stationary
Containers, Cylinders, and Tanks.

(4)*Flammable or combustible liquid systems shall be in ac-
cordance with NFPA 30, Flammable and Combustible Liquids
Code.

(D) Where inert purge gas is required by this standard, the
following shall apply:

(1) It shall be available at all times and be sufficient for five
volume changes of all connected atmosphere furnaces.

(2) If the inert gas has a flammable gas component, it shall be
analyzed on a continuous basis to verify that the oxygen
content is less than 1 percent and the combined combus-
tible gas concentration remains less than 25 percent of
the lower explosive limit (LEL).

(E) Bulk storage systems shall be rated and installed to pro-
vide the required flow of special atmospheres to the user
equipment if an interruption of the flow can create an explo-
sion hazard.

(F) Where inert gases are used as safety purge media, the
minimum volume stored shall be the amount required to
purge all connected special atmosphere furnaces with at least
five furnace volume changes wherever the flammable atmo-
spheres are being used.

12.1.5.2 Storage Systems for Special Atmospheres. Tanks con-
taining purge medium shall be provided with a low-level au-
dible and visual alarm that meets the following criteria:

(1) The alarm is situated in the area normally occupied by
furnace operators.

(2) The low-level alarm set point is established to provide
time for an orderly shutdown of the affected furnace(s).
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(3) The minimum contents of a tank containing a purge me-
dium at the low-level alarm set point is sufficient to purge
all connected atmosphere furnaces with at least five vol-
ume changes.

12.1.6* Special Processing Gas Atmosphere Gas Mixing Sys-
tems. Where gas mixing systems that incorporate a surge tank
mixing scheme that cycles between upper and lower set pres-
sure limits, the following shall apply:

(1)*Pipes feeding gas atmosphere mixing systems shall con-
tain manual isolation valves.

(2) The effluents from the relief devices used to protect a
gas atmosphere mixing system shall be piped to an ap-
proved location.

(3) Piping and components shall be in accordance with
ASME B31.3, Process Piping.

(4) The use of liquids shall not be permitted in gas atmo-
sphere mixing systems.

(5) Means shall be provided for metering and controlling
the flow rates of all gases.

(6) Flow control of the blended atmosphere gas shall be in
compliance with each furnace’s applicable special atmo-
sphere flow requirements and protective equipment.

(7) Atmosphere gas mixers that create nonflammable or in-
determinate gas mixtures shall be provided with the fol-
lowing:
(a) Gas analyzers or other equipment for continuously

monitoring and displaying the flammable gas com-
position

(b) Automatic controls to shut off the flammable gas
flow when the flammable component concentration
rises above the operating limit

(8) If the creation of a gas mixture with a flammable gas
content that is higher than intended results in the risk of
explosions where none existed, controls shall be pro-
vided to shut off the flammable gas flow automatically
when the flammable gas concentration rises above the
operating limit.

(9) When the flammable gas concentration in a mixed gas
exceeds the established high limit, an alarm shall be ac-
tuated to alert personnel in the area.

(10) Restart of flammable gas flow after a high concentration
limit interruption shall require manual intervention at
the site of the gas mixer.

(11) Safety shutoff valves used to admit combustible gases to
the gas mixer shall be normally closed and capable of
closing against maximum supply pressure.

(12) Atmosphere gas mixers installed outdoors shall be se-
lected for outdoor service or placed in a shelter that pro-
vides weather protection.

(13) Where a gas mixer is sited in a shelter, the temperature
within shall be maintained in accordance with the manu-
facturer’s recommendations.

12.1.7 Flow Control of Special Atmospheres.

12.1.7.1* Processes and equipment for controlling flows of
special atmospheres shall be designed, installed, and operated
to maintain a positive pressure within connected furnaces.

12.1.7.2 The flow rates used shall restore positive internal
pressure without infiltration of air during atmosphere con-
tractions when furnace chamber doors close or workloads are
quenched.

12.1.7.3* Where the atmosphere is flammable, its flow rate shall
be sufficient to provide stable burn-off flames at vent ports.

12.1.7.4 Means shall be provided for metering and control-
ling the flow rates of all fluids comprising the special atmo-
sphere for a furnace.

(A) Devices with visible indication of flow shall be used to
meter the flows of carrier gases, carrier gas component fluids,
inert purge gases, enrichment gases, or air.

(B) The installation of flow control equipment shall meet the
following criteria:

(1) It shall be installed either at the furnace, at the generator,
or in a separate flow control unit.

(2) It shall be accessible and located in an illuminated area so
that its operation can be monitored.

12.1.8 Synthetic Atmosphere Flow Control. Synthetic atmo-
sphere flow control units shall have the additional capabilities
specified in 12.1.8.1 through 12.1.8.11.

12.1.8.1 An atmosphere flow control unit equipped with an
inert purge mode shall have a manually operated switch on
the face of the unit that actuates the purge.

12.1.8.2 A safety interlock shall be provided for preventing
the initial introduction of flammable fluids into a furnace be-
fore the furnace temperature has risen to 1400°F (760°C).

12.1.8.3* A safety interlock shall be provided to interrupt the
flow of methanol (methyl alcohol) or other flammable liquid
atmospheres into a furnace when the temperature inside
drops below a minimum dissociation temperature required to
maintain a positive furnace pressure.

12.1.8.4 Automatically operated flow control valves shall halt
flows of combustible fluids in the event of a power failure.

12.1.8.5 Resumption of combustible fluid flow following a
power failure shall require manual intervention (reset) by an
operator after power is restored.

12.1.8.6 Where the flammable fluid flow is interrupted, one
of the following shall apply:

(1) The flow control unit shall automatically admit a flow of
inert gas that restores positive pressure and shall initiate
an audible and visual alarm, unless otherwise permitted
by 12.1.8.6(2).

(2) Manual inert gas purge shall be provided for furnaces
where operators are present and able to effect timely shut-
down procedures subject to the authority having
jurisdiction.

12.1.8.7 Means shall be provided to test for leak-free opera-
tion of safety shutoff valves for flammable or toxic fluids.

12.1.8.8 Safety relief valves to prevent overpressurizing of
glass tube flowmeters and all other system components shall
be in accordance with ASME B31.3, Process Piping.

12.1.8.9 The effluents from relief valves used to protect con-
trol unit components containing flammable or toxic fluids
shall be piped to an approved disposal location.

12.1.8.10 Alternate valves meeting the following criteria shall
be provided for manually shutting off the flow of flammable
fluids into a furnace:

(1) They shall be separate from the atmosphere control unit.
(2) They shall be accessible to operators.
(3) They shall be located remotely from the furnace and con-

trol unit.
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12.1.8.11* Pipes feeding atmosphere flow control units shall
contain isolation valves.

12.1.9 Piping Systems for Special Atmospheres.

12.1.9.1 Piping shall be sized for the full flow of special atmo-
spheres to all connected furnaces at maximum demand rates.

12.1.9.2 Pressure vessels and receivers shall be constructed of
materials compatible with the lowest possible temperature of
special processing atmospheres, or controls shall be provided
to stop the flow of gas when the minimum temperature is
reached.

(A) A low temperature shutoff device used as prescribed in
12.1.9.2 shall not be installed so that closure of the device
can interrupt the main flow of inert safety purge gas to
connected furnaces containing indeterminate special pro-
cessing atmospheres.

(B) If closure of a low temperature shutoff device creates any
other hazard, an alarm shall be provided to alert furnace op-
erators or other affected persons of this condition.

(C) The user shall consult with the industrial gas supplier to
select the low temperature shutoff device, its placement, and a
shutoff set point temperature.

12.1.9.3 Flammable liquid piping shall be supported and iso-
lated from vibration sources that could damage it, and allow-
ance for expansion and contraction due to temperature
changes shall be made.

12.1.9.4 Pipes conveying flammable liquids shall contain
pressure-relief valves that protect them from damage due to
expansion of such liquids when heated.

12.1.9.5 Discharge of flammable liquids from the relief valves
shall be piped to an approved location.

12.1.9.6 Means shall be provided for automatically releasing
accumulations of inert pressurizing gas from elevated sections
of piping that otherwise could inhibit or disrupt the flow of
the liquid.

12.1.9.7 Gas vented from the gas relief devices required by
12.1.9.10 shall be disposed of in an approved manner.

12.1.9.8 Use of aluminum or lead components, including sol-
ders that contain lead, or other incompatible materials in
tanks, piping, valves, fittings, filters, strainers, or controls that
might have contact with methanol liquid or vapor shall not be
permitted.

12.1.9.9 Solders that contain lead shall not be used to join
pipes containing flammable liquids.

12.1.9.10 Use of brass or other copper alloy components in
tanks, piping, filters, strainers, or controls that might have
contact with ammonia shall not be permitted.

12.2* Special Atmospheres and Furnaces as Classified in Sec-
tions 12.3 Through 12.6.

12.2.1 Indeterminate Atmospheres. Indeterminate atmo-
spheres shall be treated as flammable atmospheres with the
following considerations:

(1) Where one special atmosphere is replaced with another
special atmosphere (e.g., flammable replaced with non-
flammable) that can cause the atmosphere to become in-
determinate at some stage, burn-in or burn-out proce-
dures shall not be used.

(2) In the case of any indeterminate atmosphere, inert gas
purge procedures alone shall be used for introduction
and removal of special processing atmospheres.

12.2.2 Automatic Cycling. Automatic cycling of a furnace
(e.g., quenching, load transfer from a heated zone to a cold
vestibule) shall not be permitted where the special atmo-
sphere has become indeterminate during the replacement of
a flammable atmosphere with a nonflammable or an inert at-
mosphere (or vice versa) until the special atmosphere in all
furnace chambers has been verified as either flammable, non-
flammable, or inert.

12.2.3 Furnace Type. The type of furnace shall be determined
in accordance with Table 12.2.3.

12.3* Type I and Type II Furnaces.

12.3.1 Special Atmosphere Flow Requirements.

12.3.1.1 Atmosphere processes and the equipment for con-
trolling the flows of special atmospheres shall be installed and
operated to minimize the infiltration of air into a furnace,
which could result in the creation of flammable gas–air mix-
tures within the furnace.

12.3.1.2* The special atmosphere flow rate shall be specified
and shall maintain stable burning of the atmosphere as it exits
the furnace.

12.3.1.3 The inert gas shall be introduced to the furnaces
through one or more inlets as necessary to ensure that all
chambers are purged.

12.3.2 Atmosphere Introduction and Removal.

12.3.2.1 General. Flammable liquids shall be introduced only
in zones operating above 1400°F (760°C).

12.3.2.2 Introduction of Special Atmosphere Gas into a Type
I Furnace by Purge or Burn-In Procedure.

12.3.2.2.1 Purge with an Inert Gas.

(A) In addition to the requirements of 12.3.2.2.1, the furnace
manufacturer’s instructions shall be referenced for further
mechanical operations, and the following also shall apply:

(1) The supplier of the special atmosphere shall be consulted
for process and safety instructions.

(2) Where required, the procedures of 12.3.2.2.1 shall be
modified where improvements in the operation or safety
of the furnace are required.

(3) Modifications to 12.3.2.2.1 shall be approved.

(B)* The following purge procedure shall be performed be-
fore or during heating or after the furnace is at operating
temperature in the given sequence:

(1) The furnace shall not be automatically cycled during the
purging procedure.

(2) The purge gas supply shall be provided in accordance
with 12.1.5.1(D).

(3) All inner and outer furnace doors shall be closed.
(4) All valves such as flammable atmosphere gas valves and

flame curtain valves shall be closed.
(5) The furnace shall be heated to operating temperature.
(6) The inert gas purge system shall be actuated to purge the

furnace at a rate that maintains a positive pressure in all
chambers.

(7) Purging of the furnace atmosphere shall begin and shall
continue until the purge is completed per the timed-
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flow method of Section 12.7 or until two consecutive
analyses of all chambers indicate that the oxygen con-
tent is less than 1 percent.

(8) At least one heating chamber shall be operating in ex-
cess of 1400°F (760°C).

(9) Pilots at outer doors and effluent lines (special atmo-
sphere vents) shall be ignited.

(10) After the pressure and volume of the special atmosphere
gas have been determined to meet or exceed the mini-
mum requirements of the process, the atmosphere gas
shall be introduced.

(11) After the special atmosphere gas is flowing as specified in
12.3.2.2.1(B)(10), the inert gas purge shall be turned off
immediately.

(12) When flame appears at the vestibule effluent lines, the
atmosphere introduction shall be considered to be
complete.

(13) The flame curtain (if provided) shall be turned on, and
ignition shall be verified.

12.3.2.2.2 Burn-in Procedures for Type I Furnace Special
Atmosphere.

(A) Responsibility for use of burn-in and burn-out proce-
dures shall be that of the person or agency authorizing the
purchase of the equipment.

(B) In addition to the requirements of 12.3.2.2.2, the furnace
manufacturer’s instructions shall be referenced for further
mechanical operations, and the following also shall apply:

(1) The supplier of the special atmosphere shall be consulted
for process and safety instructions.

(2) The manufacturer or user shall be permitted to modify
the procedures of 12.3.2.2.2 if required to improve opera-
tional and emergency safety.

(3) Where required, the procedures of 12.3.2.2.2 shall be
modified where improvements in the operation or safety
of the furnace are required.

(4) Modifications to 12.3.2.2.2 shall be approved.

Table 12.2.3 Types of Furnaces

Furnace Type Feature
Operating

Temperature Example

Type I The chamber(s)
<1400°F are separated
by doors from those
operating > 1400°F

One or more zones
always > 1400°F

Pusher tray (cold
chambers at each end,
inner and outer doors
with and without IQ)

Type II Can be < 1400°F after
introduction of a cold
load

Batch IQ (1 or more
cold chambers, IQ)

Type III Both inlet and outlet
ends of furnace are
open and no external
doors or covers

At least one zone
>1400°F and have no
inner doors
separating zones >
and < 1400°F

Belt (both ends open)

Type IV Only one end of the
furnace is open and
there are no external
doors or covers

Belt (with IQ, entry
end open)

Type V Outer doors or covers
are provided

Box (exterior door)

Type VI > 1400°F before
introduction and
removal of special
atmosphere gas

Type VII Never > 1400°F

Type VIII A heating cover
furnace with an inner
cover

A heating cover and
inner cover are
separated from a base
that supports the work
being processed

Bell (with or without
retort)

Type IX A heating cover
furnace without an
inner cover or with a
nonsealed inner cover

Car
tip-up

For SI units, 1400°F =760°C.
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(C) The following burn-in procedure shall be performed in
the given sequence:

(1) The furnace shall not be automatically cycled during the
burn-in procedure.

(2) Verification of the supply of the special atmosphere gas
shall be made.

(3) At least one heating chamber shall be operating in ex-
cess of 1400°F (760°C).

(4) Pilots at outer doors and effluent lines (special atmo-
sphere vents) shall be ignited.

(5) The outer doors shall be opened.
(6) The inner doors shall be opened.
(7) The carrier gas(es) components of the special atmo-

sphere gas shall be introduced into the furnace heating
chamber, and ignition shall be verified by observation.

(8) Inner doors shall be closed, and the following criteria
shall be met:
(a) A source of ignition shall be required in the vesti-

bule to ignite flammable gas flowing from the heat-
ing chamber into the vestibule.

(b) When gas leaving the heating chamber is ignited,
the heating chamber shall be considered to have
been burned-in.

(9) The flame curtain (if provided) shall be turned on and
ignition shall be verified.

(10) The outer doors shall be closed.
(11) When flame appears at the vestibule effluent lines, the

vestibule shall be considered to have been burned-in.

12.3.2.3 Removal of Special Atmosphere Gas from Type I
Furnace by Purge or Burn-Out Procedure.

12.3.2.3.1 Purge with an Inert Gas.

(A) In addition to the requirements of 12.3.2.3.1, the furnace
manufacturer’s instructions shall be referenced for further
mechanical operations, and the following also shall apply:

(1) The supplier of the special atmosphere shall be consulted
for process and safety instructions.

(2) Where required, the procedures of 12.3.2.3.1 shall be
modified where improvements in the operation or safety
of the furnace are required.

(3) Modifications to 12.3.2.3.1 shall be approved.

(B) The following purge procedure shall be performed in the
given sequence:

(1) The furnace shall not be automatically cycled during the
purging procedures.

(2) The purge gas supply shall be provided in accordance
with 12.1.5.1(D).

(3) All inner and outer doors shall be closed.
(4) The inert gas purge system shall be actuated to purge the

furnace at a rate that maintains a positive pressure in all
chambers.

(5) All valves such as special atmosphere gas valves, process
gas valves, and flame curtain valves shall be closed imme-
diately.

(6) Purging of the furnace atmosphere shall begin and shall
continue until the purge is completed per the timed flow
method of Section 12.7 or until two consecutive analyses
of all chambers indicate that the atmosphere is below
50 percent of its LEL.

(7) All door and effluent vent pilots shall be turned off.
(8)*The inert gas supply to the furnace shall be turned off.

CAUTION: The furnace atmosphere is inert and CANNOT
sustain life. Persons shall not enter the furnace until it has been
ventilated and tested to ensure that safe entry conditions exist.

12.3.2.3.2 Burn-Out Procedures for Type I Furnace Special
Atmosphere.

(A) Responsibility for the use of burn-in and burn-out proce-
dures shall be that of the person or agency authorizing the
purchase of the equipment.

(B) In addition to the requirements of 12.3.2.3.2, the furnace
manufacturer’s instructions shall be referenced for further
mechanical operations, and the following also shall apply:

(1) The supplier of the special atmosphere shall be consulted
for process and safety instructions.

(2) Where required, the procedures of 12.3.2.3.2 shall be
modified where improvements in the operation or safety
of the furnace are required.

(3) Modifications to 12.3.2.3.2 shall be approved.

(C) The following burn-out procedure shall be performed in
the given sequence:

(1) The furnace shall not be automatically cycled during the
burn-out procedure.

(2) At least one heating chamber shall be operating in excess
of 1400°F (760°C).

(3) All outer doors shall be opened, and the flame curtain (if
provided) shall be shut off.

(4) All inner doors shall be opened to allow air to enter the
heating chamber and burn out the gas.

(5) All special atmosphere gas and process gas supply valves
shall be closed.

(6) After the furnace is burned out, the inner doors shall be
closed.

12.3.2.4 Introduction of Special Atmosphere Gas into Type II
Furnace by Purge or Burn-In Procedure.

12.3.2.4.1 Purge with an Inert Gas.

(A) In addition to the requirements of 12.3.2.4.1, the furnace
manufacturer’s instructions shall be referenced for further
mechanical operations, and the following also shall apply:

(1) The supplier of the special atmosphere shall be consulted
for process and safety instructions.

(2) Where required, the procedures of 12.3.2.4.1 shall be
modified where improvements in the operation or safety
of the furnace are required.

(3) Modifications to 12.3.2.4.1 shall be approved.

(B)* The following purge procedure shall be performed in
the given sequence before or during heating or after the fur-
nace is at operating temperature:

(1) The furnace shall not be automatically cycled during the
purging procedure.

(2) The purge gas supply shall be provided in accordance
with 12.1.5.1(D).

(3) All inner and outer doors shall be closed.
(4) All valves such as flammable atmosphere gas valves and

flame curtain valves shall be closed.
(5) The furnace shall be heated to operating temperature.
(6) The inert gas purge system shall be actuated to purge the

furnace at a rate that maintains a positive pressure in all
chambers.

(7) Purging of the furnace atmosphere shall begin. The in-
ert gas purge shall continue until the purge is completed
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