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

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

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

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

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of
NFPA Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for
compliance with this document. Any certification or other statement of compliance with the requirements
of this document shall not be attributable to the NFPA and is solely the responsibility of the certifier or
maker of the statement.
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ALERT: THIS STANDARD HAS BEEN MODIFIED BY A TIA OR ERRATA

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”)
should be aware that NFPA Standards may be amended from time to time through the issuance
of Tentative Interim Amendments or corrected by Errata. An official NFPA Standard at any
point in time consists of the current edition of the document together with any Tentative
Interim Amendment and any Errata then in effect.

In order to determine whether an NFPA Standard has been amended through the issuance
of Tentative Interim Amendments or corrected by Errata, visit the “Codes & Standards” section
on NFPA’s website. There, the document information pages located at the “List of NFPA Codes
& Standards” provide up-to-date, document-specific information including any issued Tentative
Interim Amendments and Errata.

To view the document information page for a specific NFPA Standard, go to
http://www.nfpa.org/docinfo to choose from the list of NFPA Standards or use the search
feature to select the NFPA Standard number (e.g., NFPA 101). The document information page
includes postings of all existing Tentative Interim Amendments and Errata. It also includes the
option to register for an “Alert” feature to receive an automatic email notification when new
updates and other information are posted regarding the document.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Standards

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

Interpretations of NFPA Standards

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

Patents

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

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

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

Law and Regulations

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

Copyrights

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

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

For Further Information

All questions or other communications relating to NFPA Standards and all requests for information on NFPA procedures
governing its codes and standards development process, including information on the procedures for requesting Formal
Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA standards during regular
revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA,

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

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

cost at www.nfpa.org/docinfo.
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Copyright © 2014 National Fire Protection Association®. All Rights Reserved.

NFPA® 85

Boiler and Combustion Systems Hazards Code

2015 Edition

This edition of NFPA 85, Boiler and Combustion Systems Hazards Code, was prepared by the Tech-
nical Committees on Fluidized Bed Boilers, Fundamentals of Combustion Systems Hazards, Heat
Recovery Steam Generators, Multiple Burner Boilers, Pulverized Fuel Systems, Single Burner
Boilers, and Stoker Operations and released by the Correlating Committee on Boiler Combustion
System Hazards. It was issued by the Standards Council on November 11, 2014, with an effective
date of December 1, 2014, and supersedes all previous editions.

ATentative Interim Amendment (TTA) to 8.9.2 was issued on November 11, 2014. Errata to
6.4.2.1.6 and A.6.4.2.1.6 were issued on July 13, 2016. For further information on tentative
interim amendments, see Section 5 of the Regulations Governing the Development of NFPA
Standards, available at: http://www.nfpa.org/regs

This edition of NFPA 85 was approved as an American National Standard on December 1,
2014.

Origin and Development of NFPA 85

NFPA 85 has a long history of documents that were combined to form the present-day
NFPA 85. (See Annex M, which is a flowchart depicting the complex development of
NFPA 85.) The first of these documents, in 1924, was NBFU 60, “Regulations of the National
Board of Fire Underwriters for the Installation of Pulverized Fuel Systems as Recommended
by the National Fire Protection Association,” which changed from an NBFU/NFPA document
to an NFPA code in 1946.

The 2001 edition of NFPA 85 was a compilation of the following six standards:

NFPA 8501, Standard for Single Burner Boiler Operation

NFPA 8502, Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner Boilers
NFPA 8503, Standard for Pulverized Fuel Systems

NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Operation

NFPA 8505, Standard for Stoker Operation

NFPA 8506, Standard on Heat Recovery Steam Generator Systems

In the 2001 edition, significant new material was added for multiple burner boilers, includ-
ing requirements for reburn systems. For heat recovery steam generators, the minimum
purge flow requirements prior to starting the combustion turbine were reduced.

The 2004 edition was reorganized to provide administrative requirements in Chapters 1, 2,
and 3 and common requirements in Chapter 4, Fundamentals of Boiler Combustion Systems.
Subsequent chapters covered the specific requirements for each of the boiler and combus-
tion systems covered by the document. The 2004 edition also provided new requirements that
addressed selective catalytic reduction (SCR) systems for multiple burner boilers.

In the 2007 edition, Annex M was added to assist users to better understand the complex
development of what is now known as NFPA 85. Chapter 4 in the 2007 edition also included
new requirements for flue gas path auxiliary systems and flame proving, along with support-
ing annex material.

The 2007 edition recognized the use of valve proving systems for single burner boilers in
Chapter 5. Furnace structural design requirements for multiple burner boilers were added to
Chapter 6 and account for the impact of booster fans. Implosion protection was clarified as
not being required on units that have no fan in the flue gas stream downstream of the boiler.
In conjunction with those changes, a definition of booster fan was added to Chapter 3. New
requirements for flue gas path auxiliary systems were added to Chapters 6 and 7 for multiple
burner boilers and fluidized-bed boilers, respectively. New requirements were added for
lance and burner safety shutoff valves on fluidized-bed boilers.
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The scope of Chapter 8 was expanded in the 2007 edition from heat recovery steam generators to include other
combustion turbine exhaust systems that present similar fire and explosion hazards, including those with no heat
recovery. The definition of combustion turbine exhaust systems was added to Chapter 3, and other changes were made
throughout the code as required for consistency. Additional combustion turbine interlocks were added to ensure fuel
gas in-leakage does not occur during the combustion turbine purge and that excessive fuel is not introduced during
combustion turbine light-off.

The 2011 edition incorporated a renumbering and reorganization of Chapter 4 to make it easier to use and cite. In
addition, Chapter 4 expanded requirements and annex guidance for burner management systems to describe the
types of signals and transmitters used to initiate safety alarms and interlocks and how those signals should be moni-
tored for reliability. Chapter 4 was updated with modified requirements for continuous trend display for single burner
boilers to require only those parameters critical to operation.

A definition of combustion turbine purge credit was added to Chapter 3, and requirements for the credit to Chapter 8,
in the 2011 edition. The combustion turbine purge credit enables designers and operators to establish and maintain a
“purged” condition for HRSGs for an extended period of time between restarts.

Guidance was also added to Annex A of the 2011 edition regarding flue gas analyzers in Chapters 5, 6, and 7
concerning the potential for certain types to provide a source of ignition during startup. In Chapter 6, which addresses
multiple burner boilers, the “all fan trip” purge requirements were revised for clarity and to improve the safety of that
procedure.

The 2015 edition incorporates new requirements in Chapter 4 for safely purging fuel gas piping systems, both into
and out of service. The coverage in NFPA 85 begins at the newly defined equipment isolation valve. All gas- and liquid
fuel-fired boilers are required to be installed with an identifiable equipment isolation valve that demarcates equip-
ment within the scope of NFPA 85 from piping and equipment within the scope of other codes and standards, such as
NFPA 54, National Fuel Gas Code, or ASME B31.1, Power Piping. The new purge requirements contain provisions address-
ing piping and equipment, both upstream and downstream of the equipment isolation valve.

Several provisions have been relocated from Chapter 6, Multiple Burner Boilers, to Chapter 4, General Require-
ments, so that they apply to all equipment under the scope of NFPA 85, including conducting a process hazard analysis
for unattended operation, restrictions on removing interlocks from service during startup or operation, and prevent-
ing the flow of flue gases from a common stack into an idle boiler or HRSG. A provision has been added to Chapter 5
to exempt some single burner boilers from the process hazard analysis.

The 2015 edition recognizes the use of safety-rated programmable logic controllers for use with single burner
boilers where they are certified as at least SIL 3 capable according to IEC 61508, Functional Safety of Electrical/Electronic
Programmable Electronic Safety-Related Systems.

Chapter 9, Pulverized Fuel Systems, has been completely rewritten in the 2015 edition to separate requirements for
direct-fired and indirect-fired systems to assist users in identifying and applying requirements for specific equipment.
The requirements for indirect-fired systems have been greatly expanded and clarified so that the chapter is easier to
apply to the unique hazards related to those types of systems. In addition, the “strength of equipment” requirements
have been modified to recognize that the 344 kPa (50 psi) pressure threshold is really a maximum allowable working
pressure (MAWP) and that this MAWP is associated with pulverized fuel having P,,,. of 10 bar-g (145 psig) or less, as

identified in NFPA 69, Standard on Explosion Prevention Systems. Chapter 9 has been updated to reflect the new terminol-
ogy and methodology.

Finally, the annex material has been reorganized in the 2015 edition so that all supplemental information on
stokers is contained in a single annex (Annex F) and all supplemental information on fluidized-bed boilers also is
contained in a single annex (Annex D).
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COMMITTEE PERSONNEL
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Correlating Committee on Boiler Combustion System Hazards

Michael C. Polagye, Chair
FM Global, MA [I]

Barry J. Basile, Babcock Power, Inc., MA [M]

Fred P. Buckingham, MPR Associates, Inc., TX [SE]
David Paul Cannon, Hurst Technologies, TX [SE]
Kevin Colloton, Rockwell Automation, WI [M]
David S. Eason, Detroit Edison Company, MI [U]
Joseph E. Fehr, Sega, Inc., KS [SE]

Ronald J. Fleming, ABB Incorporated, OH [M]
Gordon G. Gaetke, The Dow Chemical Company,
TX [U]

David W. King, American Electric Power Corporation,
OH [U]

Masaaki Kinoshita, Mitsubishi Heavy Industries Ltd.,
Japan [M]

David E. Dexter, The Dow Chemical Company, LA [U]
(Alt. to G. G. Gaetke)
Darrell E. Dorman, Babcock Power, Inc., MA [M]
(Alt. to B. J. Basile)
James E. Franks, XL Global Asset Protection Services,
TN [I]
(Alt. to P. J. Willse)

John C. deRuyter, The DuPont Company, Inc., DE [U]
Rep. TC on Stoker Operations
Dale E. Dressel, Solutia, a subsidiary of Eastman
Chemical Company, MO [U]
Rep. TC on Single Burner Boilers
Dale P. Evely, Southern Company Services, Inc., AL [U]
Rep. TC on Fundamentals of Combustion Systems
Hazards
Dwight G. Hyche, Swiss Re America Holding
Corporation, MS [I]
Rep. TC on Heat Recovery Steam Generators

Denise Beach, NFPA Staff Liaison

Alternates

Nonvoting

Gail J. Lance, Babcock & Wilcox Company, OH [M]
Dennis P. Mason, AEGIS Insurance Services, MI [I]
Jerry J. Moskal, ALSTOM Power Inc., CT [M]
Jimmie J. Schexnayder, Entergy Corporation, LA [U]
Celso G. Schmidt, UTC/Forney Corporation, TX [M]
Justin D. Voss, AES Corporation, MO [U]

Peter J. Willse, XL Global Asset Protection Services,
CT [1]

Henry K. Wong, URS Corporation E&C, NJ [SE]
Harold R. Yates, Boiler Systems Consulting, LLC,

MI [SE]

Allan J. Zadiraka, Akron, OH [SE]

Tetsuya “Terry” Fujino, Mitsubishi Power Systems
Americaq, CA [M]
(Alt. to M. Kinoshita)
John P. O’Rourke, ALSTOM Power Inc., CT [M]
(Alt. to J. J. Moskal)

Donald L. Lueckenotte, Burns & McDonnell Engineering
Company, MO [SE]

Rep. TC on Fluidized Bed Boilers
William A. (Andy) Smith, Global Risk Consultants
Corporation, GA [SE]

Rep. TC on Pulverized Fuel Systems
Michael A. Walz, Burns & McDonnell Engineering
Company, MO [SE]

Rep. TC on Multiple Burner Boilers

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

NOTE: Membership on a committee shall notin and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on the reduction of
combustion system hazards in single-burner boilers, multiple-burner boilers, and stoker-fired boilers with a
heat input rate of 12,500,000 Btu/hr and above. This includes all fuels. This Committee also is responsible
for documents on the reduction of hazards in pulverized fuel systems, fluidized-bed boilers, and heat recov-
ery steam generators and other combustion turbine exhaust systems at any heat input rate.

Technical Committee on Fluidized Bed Boilers

Donald L. Lueckenotte,

Chair

Burns & McDonnell Engineering Company, MO [SE]

P. K. Chelian, Foster Wheeler Power Group, Inc., NJ [M]
Joseph N. Darguzas, EnviroPower, LLC, IL [IM]

Carl A. Dunn, WorleyParsons, PA [SE]

Shelton Ehrlich, Palo Alto, CA [SE]

Robert M. Herdman, ABB Automation Inc., OH [M]
Marc L. Hunter, Synergy Systems Inc., IL [SE]
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Vic L. Jones, Merrick Industries Inc., FL. [M]

David L. Kraft, Babcock & Wilcox Company, OH [M]
Paul H. Miller, Southern Company Services, AL [U]
Dave Pickles, Nova Scotia Power Inc., Canada [U]
Thomas Wassel, Adolfson & Peterson, NC [U]
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Alternates
John Dehner, Merrick Industries Inc., FL [M] John P. O’Rourke, ALSTOM Power Inc., CT [M]
(Alt. to V. L. Jones) (Voting Alt. to ALSTOM rep.)
Kevin M. Estes, Foster Wheeler Power Group, Inc.,
FL [M]

(Alt. to P. K. Chelian)

Denise Beach, NFPA Staff Liaison

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

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

Committee Scope: This Committee shall have primary responsibility for documents on the operation and
reduction of combustion system hazards and the prevention of boiler furnace explosions of fluidized-bed
boilers. This includes all fuels at any heat input rate.

Technical Committee on Fundamentals of Combustion Systems Hazards

Dale P. Evely, Chair
Southern Company Services, Inc., AL [U]

Bryan R. Baesel, Eclipse/CEC Combustion Safety, Inc., Randy J. Kleen, General Electric Company, TX [M]
OH [SE] Gail J. Lance, Babcock & Wilcox Company, OH [M]
Barry J. Basile, Babcock Power, Inc., MA [M] Dennis P. Mason, AEGIS Insurance Services, MI [I]
Michael Cazabon, The Dow Corning Company, TX [U] Glenn A. Raney, Invensys Operations Management, TX
Robert Dobbins, Zurich North America, NC [I] [M]

John D. Eley, GN Electronics Inc., IL [M] Mark A. Ratcliffe, BP Americas Inc., TX [U]

Mark T. Fecke, Exponent, Inc., IL [SE]

Joseph E. Fehr, Sega, Inc., KS [SE]

James E. Franks, XL Global Asset Protection Services, TN
[1]

Roy Reeves, Emerson Process Management, PA [M]
Celso G. Schmidt, UTC/Forney Corporation, TX [M]
Bill L. Smith, Jr., Exothermic Engineering, LLC, MO

. . [SE]
.E)Sl(n[ll]s. Gilbert, Chubb Group of Insurance Companies, William A. (Andy) Smith, Global Risk Consultants
Jack R. Huett, AES Corporation/AES Global Insurance, Corpofa“on’ (.;A [SE]
VA [1] Franklin R. Switzer, Jr., S-afe, Inc., NY [SE]
Ted Jablkowski, Fives North American Combustion, Inc., Michael A. Walz, Burns & McDonnell Engineering
CT [M] Company, MO [SE]
John F. Kane, The DuPont Company, NC [U] Harold R. Yates, Boiler Systcms Consulting, LLC, MI
David W. King, American Electric Power Corporation, [SE]
OH [U] Allan J. Zadiraka, Akron, OH [SE]
Alternates

Joseph E. Bittinger, Jr., American Electric Power Richard T. Long, Exponent, Inc., MD [SE]
Corporation, OH [U] (Alt. to M. T. Fecke)

(Alt. to D. W. King) Daniel R. May, Burns & McDonnell Engineering
Darrell E. Dorman, Babcock Power, Inc., MA [M] Company, MO [SE]

(Alt. to B. ]J. Basile) (Alt. to M. A. Walz)
H. Mark Ezekiel, Southern Company Generation, AL [U] Gahan Mullen, BP Americas, Inc., TX [U]

(Alt. to D. P. Evely) (Alt. to M. A. Ratcliffe)
Richard A. Gallagher, Zurich Services Corporation, DE Norm Pond, Babcock & Wilcox Company, OH [M]
[1] (Alt. to G. J. Lance)

(Alt. to R. Dobbins) Harley M. Ross, General Electric Company, TX [M]
Steven V. Graf, Emerson Process Management, PA [M] (Alt. to R. J. Kleen)

(Alt. to R. Reeves) William M. Rucki, Fives North American Combustion,
Jack T. Lehman, Exothermic Engineering LLC, NE [SE] Inc., OH [M]

(Alt. to B. L. Smith, Jr.) (Alt. to T. Jablkowski)
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Nonvoting

Carlos Lasarte, Combustion, Energia & Ambiente, C.A,,
Venezuela [U]

Denise Beach, NFPA Staff Liaison

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

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

Committee Scope: This Committee shall have primary responsibility for documents or portions of docu-
ments on fundamentals, maintenance, inspection, training, and safety for the reduction of combustion
system hazards. Fundamentals shall specifically include definitions, furnace explosion/implosion preven-
tion, manufacture, design and engineering, installation, coordination of design, construction and opera-
tion, basic operating objectives, equipment requirements, and commissioning.

Technical Committee on Heat Recovery Steam Generators

Dwight G. Hyche, Chair
Swiss Re America Holding Corporation, MS [I]

Harold Honath, Secretary
Coen Company, Inc., CA [M]

Donald W. Bairley, Alstom Power Inc., CT [M]

Robert R. Balsbaugh, Burns & McDonnell Engineering
Company, MO [SE]

John Burney, Progress Energy, FL [U]

Miguel Cancelado, Siemens Energy, FL [M]

David Paul Cannon, Hurst Technologies, TX [SE]
Fedja Drndarevic, Technical Standards and Safety
Authority, Canada [E]

Dale P. Evely, Southern Company Services, Inc., AL

Randy J. Kleen, General Electric Company, TX [M]
Steven A. Meierotto, Nooter Eriksen, MO [M]

Windy M. Muehleisen, UTC/Forney Corporation,
TX [M]

Michael C. Polagye, FM Global, MA [I]

George N. Pyros, Mitsibushi Power Systems Americas,
FL [M]

Jimmie J. Schexnayder, Entergy Corporation, LA [U]
Joseph M. Vavrek, Sargent & Lundy, LLC, IL [SE]

U
([}o]rdon G. Gaetke, The Dow Chemical Company, James P. Walawender, Black & Veatch Corporation,
TX [U] KS [SE]

Steven V. Graf, Emerson Process Management, PA [M]
David J. Hinshaw, Dynegy, Inc., NY [U]

David W. King, American Electric Power Corporation,
OH [U]

David E. Dexter, The Dow Chemical Company, LA [U]
(Alt. to G. G. Gaetke)
Martin Fry, Coen Company, Inc., CA [M]
(Alt. to H. Honath)
Adam J. Kuentzler, Nooter Eriksen, MO [M]
(Alt. to S. A. Meierotto)
Christopher J. Lech, Alstom Power Inc., CT [M]
(Alt. to D. W. Bairley)
Harrison B. Manning, Southern Company Services, Inc.,
AL [U]
(Alt. to D. P. Evely)

Denise Beach, NFPA Staff Liaison

Alternates

Bruce J. Wertz, Power Plant Management Consulting
LLC, GA [SE]
Ilya Yarinovsky, Bechtel Corporation, MD [SE]

Roy Reeves, Emerson Process Management, PA [M]
(Alt. to S. V. Graf)

Ronald Rispoli, Entergy Corporation, AR [U]
(Alt. to J. J. Schexnayder)

Harley M. Ross, General Electric Company, TX [M]
(Alt. to R. J. Kleen)

Karen Whitehead, Black & Veatch Corporation, KS [SE]
(Alt. to J. P. Walawender)

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

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

Committee Scope: This Committee shall have primary responsibility for documents covering the operation
of heat recovery steam generators and other combustion turbine exhaust systems, and the related reduction
of combustion system hazards and prevention of explosions. This includes all fuels at any heat input rate.
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Technical Committee on Multiple Burner Boilers

Michael A. Walz,
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Barry J. Basile, Babcock Power, Inc., MA [M]
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(Alt. to D. W. King)
John C. deRuyter, The DuPont Company, Inc., DE [U]
(Alt. to J. J. Eibl)
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ADMINISTRATION 85-11

NFPA 85

Boiler and Combustion Systems Hazards
Code

2015 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Standards.” 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.

Areference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex K. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

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

Chapter 1 Administration

1.1* Scope. This code applies to the following:

(1) Single burner boilers, multiple burner boilers, stokers,
and atmospheric fluidized bed boilers with a fuel input
rating of 3.7 MWt (12.5 million Btu/hr) or greater

(2) Pulverized fuel systems at any heat input rate

(3) Fired or unfired steam generators used to recover heat
from combustion turbines [heat recovery steam genera-
tors (HRSGs) ] and other combustion turbine exhaust sys-
tems at any heat input rate

1.1.1 This code covers design, installation, operation, main-
tenance, and training.

1.1.2 This code covers strength of the structure, operation
and maintenance procedures, combustion and draft control
equipment, safety interlocks, alarms, trips, and other related
controls that are essential to safe equipment operation.

1.1.3 This code does not cover process heaters used in chemi-
cal and petroleum manufacture in which steam generation is
incidental to the operation of a processing system.

1.1.4 Chapter 5 covers single burner boilers that fire the fol-
lowing fuels:

(1) Fuel gas as defined in 3.3.64.

(2)*Other gas having a calorific value and characteristics simi-
lar to natural gas

(3) Fuel oil as defined in 3.3.63.3

Full document details: NFPA 85 2015

(4) Fuel gas and fuel oil that are fired simultaneously for fuel
transfer

(5) Fuel gas and fuel oil that are fired simultaneously and
continuously

1.1.5 Chapter 6 covers multiple burner boilers firing one or
more of the following:

(1) Fuel gas, as defined in 3.3.64

(2) Fuel oil, as defined in 3.3.63.3

(3) Pulverized coal, as defined in 3.3.63.2.1

(4) Simultaneous firing of more than one of the fuels stated
in 1.1.5(1) through 1.1.5(3)

1.1.6 Chapter 7 covers atmospheric fluidized bed boilers.

1.1.7# Chapter 8 covers HRSG systems and other combustion
turbine exhaust systems.

1.1.8 Chapter 9 covers pulverized fuel systems, beginning
with the raw fuel bunker, which is upstream of the pulverizer
and is the point at which primary air enters the pulverizing
system, and terminating at the point where pressure can be
relieved by fuel being burned or collected in a device that is
built in accordance with this code. The pulverized fuel system
shall include the primary air ducts, which are upstream of the
pulverizer, to a point where pressure can be relieved.

1.1.9 Chapter 10 covers boilers that use a stoker to fire the
following fuels:

(1) Coal

(2) Wood

(8) Refuse-derived fuel (RDF)
(4) Municipal solid waste (MSW)
(5) Other solid fuels

1.1.9.1 Where solid fuel is fired simultaneously with other
fuels (e.g., a solid fuel stoker fired in combination with fuel
gas, fuel oil, or pulverized auxiliary fuel), additional controls
and interlocks shall include those covered in Chapters 5, 6,
and 9.

Exception No. 1:  The purge requirements of Chapters 5 and 6 shall
not be required when the stoker is firing and the boiler is on-line. In
those cases, if no cooling air is being provided to the auxiliary burners,
a purge of their associated air supply ducts shall be provided.

Exception No. 2: Where fuel oil or fuel gas is fired in a supervised
manual system in accordance with Chapter 5, the excessive steam pres-
sure interlock shall not be required.

1.2 Purpose.

1.2.1* The purpose of this code is to contribute to operating
safety and to prevent uncontrolled fires, explosions, and im-
plosions in equipment described in Section 1.1.

1.2.2 This code establishes minimum requirements for de-
sign, installation, operation, training, and maintenance.

1.3 Application.

1.3.1 This code shall apply to new installations and to major
alterations or extensions that are contracted for subsequent to
the effective date of this code.

1.3.2 This code shall not be used as a design handbook.

1.3.2.1 A designer capable of applying more complete and
rigorous analysis to special or unusual problems shall have
latitude in the development of such designs.

1.3.2.2 In such cases, the designer shall be responsible for
demonstrating and documenting the validity of the proposed
design.
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1.3.3 Coordination of the design and operating procedures,
control systems, interlocks, and structural design of the boiler
furnace or HRSG system and any flue gas cleanup systems
downstream of the postcombustion gas passes shall be re-
quired. Such coordination shall include requirements for en-
suring a continuous flow path from the combustion air inlet
through the stack.

1.3.4 Inspections required by or conducted in accordance
with this code shall be the responsibility of the owner/
operator or designated representative.

1.4%* Retroactivity. The provisions in this code reflect a consen-
sus, at the time the code was issued, of what is necessary to
provide an acceptable degree of protection from the hazards
addressed in this code.

1.4.1 Unless otherwise specified, the provisions in this code
shall not apply to facilities, equipment, structures, or installa-
tions that existed or were approved for construction or instal-
lation prior to the effective date of the code. Where specified,
the provisions in this code 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 code
deemed appropriate.

1.4.3 The retroactive requirements of this code shall be per-
mitted 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 de-
gree of safety is provided.

1.5 Equivalency. Nothing in this code is intended to prevent
the use of systems, methods, or devices of equivalent or supe-
rior quality, strength, fire resistance, effectiveness, durability,
and safety over those prescribed by this code.

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 Enforcement. This code shall be administered and en-
forced by the authority having jurisdiction designated by the
governing authority. (See Annex G for sample wording for enabling
legislation.)

Chapter 2 Referenced Publications

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

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

NFPA 30, Flammable and Combustible Liquids Code, 2015 edi-
tion.

NFPA 31, Standard for the Installation of Oil-Burning Equip-
ment, 2011 edition.

NFPA 54, National Fuel Gas Code, 2015 edition.

NFPA 56, Standard for Fire and Explosion Prevention During Clean-
ing and Purging of Flammable Gas Piping Systems, 2014 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2013 edition.
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NFPA 69, Standard on Explosion Prevention Systems, 2014 edi-
tion.
NFPA 70®, National Electrical Code®, 2014 edition.

2.3 Other Publications.

2.3.1 ASCE Publications. American Society of Civil Engi-
neers, 1801 Alexander Bell Drive, Reston, VA 20191-4400.

ASCE 7, Minimum Design Loads for Buildings and Other Struc-
tures, 2010.

2.3.2 ASME Publications. American Society of Mechanical
Engineers, Two Park Avenue, New York, NY 10016-56990.

ASME B31.1, Power Piping, 2012.
ASME B31.3, Process Piping, 2012.

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

ASTM D388, Standard Classification of Coals by Rank, 2012.
ASTM D396, Standard Specification for Fuel Oils, 2012.

ASTM D409, Standard Test Method for Grindability of Coal by
the Hardgrove-Machine Method, 2012.

ASTM D1655, Standard Specification for Aviation Turbine Fuels,
2012.

ASTM D2880, Standard Specification for Gas Turbine Fuel Oils,
2003, reaffirmed 2010.

2.3.4 CGA Publications. Compressed Gas Association, 14501
George Carter Way, Suite 103, Chantilly, VA 20151-2923.

CGA G-2.1/ANSI K61.1, Safety Requirements for the Storage
and Handling of Anhydrous Ammonia, 1999

2.3.5 FCI Publications. Fluid Controls Institute, 1300 Sum-
ner Avenue, Cleveland, OH 44115.

ANSI/FCI 70-2, Control Valve Seat Leakage, 2006.

2.3.6 Government Publications. U.S. Government Printing
Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1926.32, “Gen-
eral Safety and Health Provisions.”

2.3.7 IEC Publications. International Electrotechnical Com-
mission, 3, rue de Varembé, P.O. Box 131, CH-1211, Geneva
20, Switzerland.

IEC 61508, Functional Safety of Electrical/Electronic Program-
mable Electronic Safety-Related Systems, 2010.

2.3.8 Military Specifications. Department of Defense Single
Stock Point, Document Automation and Production Service,
Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-T-5624, Turbine Fuel, Aviation, Grade JP4, JP5, and JP5/
JP8 ST, 1995.

2.3.9 Other Publications.

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

2.4 References for Extracts in Mandatory Sections.

NFPA 13D, Standard for the Installation of Sprinkler Systems in One-
and Two-Family Dwellings and Manufactured Homes, 2013 edition.

NFPA 40, Standard for the Storage and Handling of Cellulose
Nitrate Film, 2011 edition.
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NFPA 72%, National Fire Alarm and Signaling Code, 2013 edition.

NFPA 850, Recommended Practice for Fire Protection for Electric
Generating Plants and High Voltage Direct Current Converter Sta-
tions, 2015 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this code. 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 jurisdic-
tion.

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% Code. Astandard thatis an extensive compilation of pro-
visions covering broad subject matter or that is suitable for adop-
tion into law independently of other codes and standards.

3.2.4 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.

3.2.5%* 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.

3.2.6 Shall. Indicates a mandatory requirement.

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

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

3.3.1 Agglomerating. A characteristic of coal that causes cok-
ing on the fuel bed during volatilization.

3.3.2 Air.

3.3.2.1 Auxiliary Air. Air that is supplied from an auxiliary
source to maintain a minimum fuel mixture velocity in
burner piping.

3.3.2.2 Combustion Air. Air used to react with the fuel in
the combustion process. For duct burners, this generally is
combustion turbine exhaust.

3.3.2.3 Design Full Load Mass Airflow. The air flow re-
quired to achieve nameplate full load. For the purposes of
Chapter 6, it is the flow required to achieve nameplate full
load based on the original design fuel as defined by the
boiler equipment manufacturer.

3.3.2.4% Excess Air. Air supplied for combustion in excess
of theoretical air.

3.3.2.5 Overfire Air. Air supplied for combustion that is
admitted into the furnace at a point above the burners or
fuel bed.

3.3.2.6 Primary Air. Air supplied for combustion that is
admitted into the furnace through a burner premixed with
the fuel.

3.3.2.6.1 Primary Air (in a Bubbling Fluidized Bed). That
portion of total air used to transport or inject fuel or sor-
bent and to recycle material to the bed.

3.3.2.6.2 Primary Air (in a Circulating Fluidized Bed). That
portion of total air introduced at the base of the combustor
through the air distributor.

3.3.2.6.3 Primary Air (in a Pulverized Fuel System). In a pul-
verized fuel system, either air or a flue gas—air mixture; can
simultaneously also be pulverizer air and/or transport air.

3.3.2.7 Pulverizer Air. Air or inert gas that is introduced into
the pulverizer to dry the fuel, aid in pulverization and classifi-
cation, and convey the pulverized fuel from the pulverizer.

3.3.2.8 Seal Air. Air or inert gas supplied to any device at
sufficient pressure for the specific purpose of minimizing
contamination.

3.3.2.9 Secondary Air. Air for combustion supplied to the
burners or fuel bed in addition to the primary air.

3.3.2.9.1 Secondary Air (in a Bubbling Fluidized Bed). That
portion of the air introduced through the air distributor.

3.3.2.9.2 Secondary Air (in a Circulating Fluidized Bed). That
portion of the air entering the combustor at levels above
the air distributor.

3.3.2.9.3 Secondary Air (in a Single or Multiple Burner Boiler).
That portion of the air entering through the air registers.

3.3.2.10 Tempering Air. Cool air added to the hot primary
air or gas to modify its temperature.

3.3.2.11 Transport Air. Air or inert gas that is used to con-
vey pulverized fuel.

3.3.2.11.1 TransportAir (in a Fluidized Bed). The air used to
convey or inject solid fuel or sorbent or to recycle material.

3.3.2.12 Undergrate Air. Combustion air introduced below
the grate.
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3.3.3 Air Change. A quantity of air, provided through a fuel
burner, equal to the volume of furnace and boiler gas passes.

3.3.4 Air Register Aset of dampers for a burner, or air supply
system to a particular burner, used to distribute the combus-
tion air admitted to the combustion chamber. Frequently con-
trols the direction and velocity of the airstream for efficient
mixing with the incoming fuel.

3.3.5 Air-Rich. Indicating a ratio of air to fuel supplied to a
combustion chamber that provides more than the minimum
excess air needed for optimum combustion of the fuel.

3.3.6 Alarm. An audible or visible signal indicating an off-
standard or abnormal condition.

3.3.7 Alteration. A change or modification that results in a
deviation from the original design specifications or criteria.

3.3.8 Annunciator. A device indicating an off-standard or ab-
normal condition by both visual and audible signals.

3.3.9 Atmospheric Fluidized Bed Combustion. A fueldiring
technique using a fluidized bed operating at near-atmospheric
pressure on the fire side.

3.3.10 Atomizer. The device in a burner that breaks down
liquid fuel into a finely divided state.

3.3.10.1 Mechanical Atomizer. The device in a burner that
breaks down liquid fuel into a finely divided state without
using an atomizing medium.

3.3.11 Atomizing Medium. A supplementary fluid, such as
steam or air, that assists in breaking down liquid fuel into a
finely divided state.

3.3.12 Augmented Air Firing. Supplementary firing with the
addition of air at the duct burners to support and stabilize
combustion or to reduce emissions.

3.3.13* Autoignition Temperature (AIT). The minimum tem-
perature required to initiate or cause self-sustained combus-
tion of a solid, liquid, or gas independently of the heating or
heated element.

3.3.14 Bed Compartments. Segments of a fluidized bed,
which might be individually controlled with respect to com-
bustion airflow and fuel feed.

3.3.15 Bed Drain. An opening provided in the enclosure of a
fluidized bed for the removal of spent bed material and any
tramp material.

3.3.16 Bed Material. Granular particles that compose a fluid-
ized bed.

3.3.17 Bed Temperature. The average temperature of a fluid-
ized bed.

3.3.18 Bin. An enclosure to store pulverized fuel.

3.3.19 Bin System (Storage System). A system in which the
fuel is pulverized and stored in bins from which it is withdrawn
through feeders, as needed, for burning.

3.3.20 Boiler. A closed vessel in which water is heated, steam
is generated, steam is superheated, or any combination
thereof by the application of heat from combustible fuels in a
self-contained or attached furnace.

3.3.21 Boiler Enclosure. The physical boundary for the com-
bustion process and boiler pressure parts up to the initial tran-
sition to flues as defined by the boiler manufacturer.
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3.3.22 Bubbling Fluidized Bed (BFB). A fluidized bed in
which the fluidizing velocity is less than the terminal velocity
of individual bed particles and in which part of the fluidizing
gas passes through the bed as bubbles.

3.3.23 Bunker. An enclosure to store raw fuel.

3.3.24 Burner. A device or group of devices for the introduc-
tion of fuel and air into a combustion chamber at the velocity,
turbulence, and concentration required to maintain ignition
and combustion of fuel.

3.3.24.1*% Duct Burner. A burner, mounted in a duct or
discharging into a duct, used to heat the air, flue gas, or
combustion turbine exhaust gas in the duct.

3.3.24.2 Warm-Up Burner (in a Fluidized-Bed Boiler). A
burner having its own air supply used to warm up the bed
to the ignition temperature of the main fuel. The warm-up
burner also can be used for limited load carrying.

3.3.25% Burner Management System. The field devices, logic
system, and final control elements dedicated to combustion
safety and operator assistance in the starting and stopping of
fuel preparation and burning equipment and for preventing
misoperation of and damage to fuel preparation and burning
equipment.

3.3.25.1 Automatic Burner Management System — Nonrecy-
cling. A burner management system by which a furnace is
purged and a burner is started, ignited, and stopped auto-
matically but does not recycle automatically.

3.3.25.2 Automatic Burner Management System — Recycling. A
burner management system by which a furnace is purged
and a burner is started, ignited, and stopped automatically
and recycles on a preset pressure range.

3.3.25.3 Manual Supervised Burner Management System. A
burner management system by which a furnace is purged
and a burner is started, ignited, and stopped manually. In-
terlocks are included to ensure that the operation follows
established, proper procedures.

3.3.26 Bypass Stack. A stack applied in addition to and sepa-
rate from the normal HRSG exhaust stack that allows combus-
tion turbine exhaust gas to flow independently to the atmo-
sphere.

3.3.27 Char. The unburned combustibles in solid form com-
bined with a portion of the fuel ash and sorbent.

3.3.28 Circulating Fluidized Bed (CFB). A fluidized bed in
which the fluidizing velocities exceed the terminal velocity of
individual bed particles.

3.3.29 Classifier. A device to control pulverized fuel particle
size distribution.

3.3.30 Coal. See 3.3.63.2.

3.3.31 Combustion Chamber. The portion of the boiler or
HRSG enclosure into which the fuel is fed, ignited, and
burned.

3.3.32 Combustion Turbine. A turbine in which the rotating
element is actuated by the pressure of combustion gases on
curved vanes.

3.3.33* Combustion Turbine Exhaust Systems. A HRSG, a heat
exchanger, or an emissions control system, alone or in combi-
nation, and associated ductwork between the combustion tur-
bine exhaust and the stack inlet.
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3.3.34 Commercial Operation. The date that the full plant
capacity is formally added to the power grid.

3.3.35 Commissioning. The time period of plant testing and
operation between initial operation and commercial operation.

3.3.36 Competent Person. One who is capable of identifying
existing and predictable hazards in the surroundings or work-
ing conditions that are unsanitary, hazardous, or dangerous to
employees, and who has authorization to take prompt correc-
tive measures to eliminate them. [29 CFR:1926.32(f) ]

3.3.37 Confined Space. Any work location or enclosure in
which either of the following exists: (1) the dimensions are
such that a person who is 1.8 m (6 ft) tall cannot stand up in
the middle of the space or extend his or her arms in all direc-
tions without hitting the enclosure, or (2) access to or from
the enclosure is by manhole, hatch, port, or other relatively
small opening that limits ingress and egress to one person ata
time. Confined spaces include but are not limited to the fol-
lowing: pulverizers, ducts, heaters, windboxes, cyclones, coal
dust collectors, furnaces, bunkers, bins, and HRSGs.

3.3.38 Continuous Trend Display. A dedicated visual display
of an operating trend(s) by any instrument such as a cathode
ray tube (CRT), chart recorder, or other device to quantify
changes in the measured variable(s).

3.3.39 Control System.

3.3.39.1 Boiler Control System. The group of control sys-
tems that regulates the boiler process, including the com-
bustion control system but not the burner management
system.

3.3.39.2 Combustion Control System. The control system
that regulates the furnace fuel and air inputs to maintain
the air-fuel ratio within the limits that are required for con-
tinuous combustion and stable flame throughout the oper-
ating range of the boiler in accordance with demand.

3.3.39.2.1 Combustion Control System in a Fluidized Bed. In
a fluidized bed, the control system that regulates the fur-
nace fuel input, furnace air input, bed inventory, and other
bed heat transfer mechanisms to maintain the bed tem-
perature and the air-fuel ratio within the limits necessary
for continuous combustion and stable bed operation
throughout the operating range of the boiler in accor-
dance with demand.

3.3.39.3 HRSG Control System. The group of control sys-
tems that regulate the HRSG process, including combus-
tion control to maintain continuous combustion and stable
flame, but not the burner management system.

3.3.40 Crusher. A device for reducing the size of solid fuels.

3.3.41 Damper. A valve or plate for controlling draft or the
flow of gases, including air.

3.3.41.1 Shutoff Damper. A close-fitting damper to prevent
flow and minimize leakage of air or flue gas into any system
component.

3.3.42 Design Full Load Mass Airflow. See 3.3.2.3.

3.3.43 Direct-Fired System. A system in which the fuel is pul-
verized and delivered in suspension directly to the burner(s).

3.3.44 Directional Blocking. An interlock that, upon detection
of a significant error in furnace pressure or HRSG process vari-
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ables, acts to inhibit the movement of all appropriate final con-
trol elements in the direction that would increase the error.

3.3.45 Distributor. A device that splits a single stream of pul-
verized coal and primary air into two or more streams.

3.3.46 Drip Leg. A chamber of ample volume, with suitable
cleanout and drain connections, over which fuel gas is passed
so that liquids and solids are trapped.

3.3.47 Dust Collector. An auxiliary separator that is used to
separate the fuel dust from the air or inert gas prior to dis-
charge of the latter from the system.

3.3.48 Exhauster. See 3.3.52.2, Exhauster Fan.

3.3.49 Explosion Vent. A vent to relieve explosion pressures
resulting from ignition of a mixture of decomposition gases
and air. [40, 2011]

3.3.50 Explosive Mixture. A flammable or combustible mix-
ture in a confined space.

3.3.51 False Start. A condition where the combustion turbine
fails to complete its ignition sequence (failure to start) and
can result in unburned fuels entering the HRSG enclosure or
other combustion turbine exhaust systems.

3.3.52 Fan.

3.3.52.1 Booster Fan. Afan used to assist in the supply of air
to, or the removal of flue gas products from, the combustion
chamber or to supplement draft capability to achieve re-
quired flow through the combustion air or flue gas flow path.

3.3.52.2 Exhauster Fan. Afanlocated at the pulverizer out-
let used to draw the primary air through the pulverizer and
to deliver the primary air—fuel mixture to the burner(s) or
other apparatus.

3.3.52.3 Forced Draft (FD) Fan. A fan used to pressurize
and supply ambient air to the combustion chamber to sup-
port combustion. In a fluidized bed boiler, FD fans gener-
ally include both primary air and secondary air fans.

3.3.52.4 Induced Draft (ID) Fan. A fan downstream of the
combustion process used to remove the products of com-
bustion from the boiler, HRSG, or flue gas ductwork.

3.3.52.5 Primary Air Fan. A fan used to supply coal trans-
port air to the pulverizer or to the burner lines of a storage
system.

3.3.53 Fan Override Action. A control that, upon detection of
significant error in combustion chamber pressure, acts to re-
position the induced draft fan control device(s) in a direction
to reduce the error.

3.3.54 Feed-Forward Signal. A signal used to anticipate a
change in the measured variable.

3.3.55 Flame. A body or stream of gaseous material involved
in the combustion process and emitting radiant energy at spe-
cific wavelength bands determined by the combustion chem-
istry of the fuel. In most cases, some portion of the emitted
radiant energy is visible to the human eye. [72, 2013]

3.3.56 Flame Detector. A device that senses the presence or
absence of flame and provides a usable signal.

3.3.56.1 Self-Checking Flame Detector. Aflame detector that
automatically, and at regular intervals, tests the entire sens-
ing and signal processing system of the flame detector.
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3.3.57 Flame Envelope. The confines (not necessarily visible)
of an independent process that converts fuel and air into
products of combustion.

3.3.58 Flashback. A recession of flame to an unwanted posi-
tion (e.g., into a fuel transport pipe).

3.3.59 Fluidize. To maintain a bed of finely divided solid par-
ticles in a mobile suspension by blowing air or gas through the
bed at such a velocity that the particles separate and behave
much like a fluid.

3.3.60 Fluidized Bed. Abed of granular particles maintained
in a mobile suspension by the velocity of an upward flow of air
or gas.

3.3.61 Freeboard. In a fluidized bed boiler, the space or vol-
ume above the upper surface of the bubbling bed and below
the entrance to the convection pass.

3.3.62 Fresh Air Firing. The operation of a HRSG with air
instead of combustion turbine exhaust.

3.3.63 Fuel.

3.3.63.1 Auxiliary Fuel. In afluidized bed boiler, generally
a gaseous or liquid fuel used to warm the bed material suf-
ficiently to allow ignition of the main fuel upon injection
into the heated bed material.

3.3.63.2 Coal. A solid fuel classified as lignite, subbitumi-
nous, bituminous, or anthracite as defined by ASTM D388,
Standard Classification of Coals by Rank.

3.3.63.2.1 Pulverized Coal. Coal that is reduced to a size
such that at least 50 percent can pass through a 200-mesh
(74 microns) sieve.

3.3.63.3 Fuel Oil (Oil Fuel). Liquid fuels defined as Grades 2,
4,5, or 6 in ASTM D396, Standard Specification for Fuel Oils, or as
Grade 2GT in ASTM D2880, Standard Specification for Gas Tur-
bine Fuel Oils.

3.3.63.4 JP4. A light, volatile fuel with a boiling point be-
tween that of gasoline and of light distillate. Its properties are
defined in MIL-1-5624, Turbine Fuel, Aviation, Grade JP4, JP5,
and JP5/JP§ ST, and are similar to ASTM D1655, Standard
Specification for Aviation Turbine Fuels (Jet B), and ASTM D2880,
Standard Specification for Gas Turbine Fuel Oils.

3.3.63.5 Kerosene. Alight, highly refined fuel that is slightly
more volatile than No. 2 fuel oil. Its properties are defined in
ASTM D396, Standard Specification for Fuel Oils; ASTM D1655,
Standard Specification for Aviation Turbine Fuels; or ASTM D2880,
Standard Specification for Gas Turbine Fuel Oils.

3.3.63.6 LP-Gas. A material that is composed predomi-
nantly of any of the following hydrocarbons or mixtures
thereof: propane, propylene, n-butane, isobutane, and bu-
tylenes.

3.3.63.7 Main Fuel. In a fluidized bed boiler, gaseous, lig-
uid, or solid fuel introduced into the bed after the bed
temperature has reached a value sufficient to support its
combustion and that is used during the normal operation
of the boiler. Main fuels necessitate the use of the fluidized
hot bed as their ignition source.

3.3.63.8 Municipal Solid Waste (MSW). Solid waste materi-
als consisting of commonly occurring residential and light
commercial waste. [850, 2015]
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3.3.63.9 Natural Gas. A gaseous fuel occurring in nature
and consisting mostly of a mixture of organic compounds,
normally methane, ethane, propane, and butane. The calo-
rific value of natural gases varies between about 26.1 MJ/m?
and 55.9 MJ/ m?® (700 Btu/ft* and 1500 Btu/ft?), the majority
averaging 37.3 MJ/m® (1000 Btu/ft%).

3.3.63.10 Pulverized Fuel. Solid fuel that is reduced to a size
such that at least 50 percent will pass through a 200-mesh
(74 microns) sieve.

3.3.63.11 Refuse-Derived Fuel (RDF). A solid fuel prepared
from municipal solid waste. The waste material is usually re-
fined by shredding, air classification, magnetic separation, or
other means. The fuel can be packed, chopped, pelletized,
pulverized, or subject to other mechanical treatment.

3.3.64 Fuel Gas (Gas Fuel). Gaseous fuels defined as Natural
Gas (see 3.3.63.9) or LP-Gas (see 3.3.63.6).

3.3.65 Fuel-Rich. Indicating a ratio of air to fuel supplied to a
furnace that provides less than the minimum excess air
needed for optimum combustion of the fuel.

3.3.66 Fuel Trip. The automatic shutoff of a specific fuel as
the result of an interlock or operator action.

3.3.67 Furnace. The portion of the boiler enclosure within
which the combustion process takes place and wherein heat
transfer occurs predominantly by radiation.

3.3.68 Grate. The surface on which fuel is supported and
burned and through which air is passed for combustion.

3.3.69 Grindability. The characteristic of solid fuel that indi-
cates its relative ease of pulverization, as defined by ASTM D409,
Standard Test Method for Grindability of Coal by the Hardgrove-Machine
Method.

3.3.70 Hardwired. The method of interconnecting signals or
interlocks to a logic system or between logic systems using a
dedicated interconnection for each individual signal. When
the term hardwired is applied to the logic system itself, it refers
to the method of using individual devices and interconnecting
wiring to program and perform the logic functions without
the use of software-based logic solvers.

3.3.71 Header. A pipe or duct through which liquid or gas is
conveyed and supplied to or received from multiple branches.

3.3.72 Heat Recovery Steam Generator (HRSG). A heat ex-
changer that uses a series of heat transfer sections (e.g., super-
heater, evaporator, and economizer) positioned in the exhaust
gas flow of a combustion turbine to recover heat and supply a
rated steam flow at a required temperature and pressure.

3.3.72.1 HRSG Enclosure. All ductwork from the combus-
tion turbine exhaust through the steam generator to the
stack, including any bypass duct connection.

3.3.72.2 HRSG Purge. See 3.3.102.1, Combustion Turbine
Purge; 3.3.102.3, Duct Burner (HRSG) Purge; and 3.3.105,
Purge Rate.

3.3.72.3 HRSG System. The unit assembly from the combus-
tion turbine inlet to the flue gas outlet to the atmosphere.

3.3.73 Igniter. A permanently installed device that provides
proven ignition energy to light off the main burner.

3.3.73.1 Class 1 Igniter. An igniter that is applied to ignite
the fuel input through the burner and to support ignition
under any burner light-off or operating conditions. Its lo-
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cation and capacity are such that it will provide sufficient
ignition energy, generally in excess of 10 percent of full
load burner input, at its associated burner to raise any cred-
ible combination of burner inputs of both fuel and air
above the minimum ignition temperature.

3.3.73.2 Class 2 Igniter. An igniter that is applied to ignite
the fuel input through the burner under prescribed light-
off conditions. It is also used to support ignition under low
load or certain adverse operating conditions. The range of
capacity of such igniters is generally 4 percent to 10 per-
cent of full load burner fuel input.

3.3.73.3 Class 3 Igniter. Asmall igniter applied particularly
to fuel gas and fuel oil burners to ignite the fuel input to
the burner under prescribed light-off conditions. The ca-
pacity of such igniters generally does not exceed 4 percent
of the full load burner fuel input.

3.3.73.4 Class 3 Special Igniter. A special Class 3 high en-
ergy electrical igniter capable of directly igniting the main
burner fuel.

3.3.74 Inert Gas. Any gas that is nonflammable, chemically
inactive, noncontaminating for the use intended, and oxygen
deficient to the extent required.

3.3.75 Imitial Operation. The first coordinated operation of
the unit.

3.3.76 Interlock. A device, or an arrangement of devices, in
which the operation of one part or one mechanism of the
device or arrangement controls the operation of another part
of another mechanism.

3.3.77 JP4. See 3.3.63.4.
3.3.78 Kerosene. See 3.3.63.5.

3.3.79 Lance. A device without its own air supply that pro-
vides fuel input directly into a fluidized bed.

3.3.80 Light-Off Time Limit Timer. A device that is used on
supervised manual burner management systems and that limits
the allowable time between completion of purge and light-off.

3.3.81 Lock Hopper. A feeding device that incorporates a
double pressure seal, thus enabling solids to be fed into a sys-
tem with a higher pressure than the pressure existing in the
solid’s storage area. Also, a letdown device that incorporates a
double pressure seal, thus enabling solids to be withdrawn
from a system with a higher pressure than that existing down-
stream of the lock hopper.

3.3.82 Logic System. A system that provides outputs in a par-
ticular sequence in response to external inputs and internal
decision-making elements.

3.3.83 LP-Gas. See 3.3.63.6.

3.3.84* Master Fuel Trip. An event resulting in the rapid shut-
off of all fuel, including igniters; for HRSGs, an event resulting
in the rapid shutoff of all fuel to the duct burners, including
igniters.

3.3.85 Master Fuel Trip Relay. An electromechanical relay(s)
utilized to trip all required equipment simultaneously when a
master fuel trip is initiated.

3.3.86 Monitor. To sense and indicate a condition without
initiating automatic corrective action.

3.3.87 Natural Gas. See 3.3.63.9.
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3.3.88 Oil. See 3.3.63.3, Fuel Oil (Oil Fuel).

3.3.89 Open Flow Path. A continuous path for movement of
an airstream from the forced draft fan inlet to the stack; in a
HRSG or other combustion turbine exhaust system, a continu-
ous path for movement of an airstream through the HRSG
system or other combustion turbine exhaust systems.

3.3.90 Open Register Light-Off Procedure. A procedure for
purging and lighting off a boiler under specified, controlled
conditions.

3.3.91 Operating Range. The range between the maximum
fuel input and minimum fuel input within which the burner
flame can be maintained in a continuous and stable manner.

3.3.92 Overfire Air Port. An opening in a furnace wall to en-
able the introduction of an overfire airstream.

3.3.93 Partial Loss of Flame. Loss of flame at any of the sepa-
rate flame envelopes or burners while flame is maintained at
any of the other flame envelopes or burners.

3.3.94 Positive Means. The physical methods of satisfying a
requirement.

3.3.95 Postpurge. A purge performed after the burner(s) is
shut down.

3.3.96 Pressure/Air Lock. A device for transferring pulver-
ized fuel between zones of different pressure without permit-
ting appreciable flow of air or gas in either direction.

3.3.97 Primary Air Fan (Pulverizer Air Fan). See 3.3.52.5, Pri-
mary Air Fan.

3.3.98 Prove. To establish by measurement or test the exist-
ence of a specified condition such as flame, level, flow, pres-
sure, or position.

3.3.99 Pulverized Fuel. See 3.3.63.10.

3.3.100 Pulverized Fuel Pump. A device or system for trans-
porting fuel mechanically or pneumatically by utilizing mini-
mum airflow.

3.3.101 Pulverizer. A machine for reducing the particle size
of a solid fuel so that it burns in suspension.

3.3.102 Purge. A flow of air or an inert medium at a rate that
will effectively remove any gaseous or suspended combustibles
and replace them with the purging medium.

3.3.102.1 Combustion Turbine Purge. A flow of air at purge
rate through the combustion turbine and the appropriate
portion of the HRSG enclosure or other combustion tur-
bine exhaust systems for a number of volume changes suf-
ficient to effectively remove any gaseous or suspended com-
bustibles and replace them with the air.

3.3.102.2 Combustion Turbine Purge Credit. A condition es-
tablished by maintaining a set of parameters following a
combustion turbine normal shutdown.

3.3.102.3 Duct Burner (HRSG) Purge. A flow of combus-
tion turbine exhaust gas or air at purge rate through the
HRSG enclosure for a number of volume changes suffi-
cient to effectively remove any gaseous or suspended com-
bustibles and replace them with the purging medium.

3.3.103 Purge Into Service. To displace air in a fuel gas piping
system with inert gas and then displace the inert gas with fuel
gas.
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3.3.104 Purge Out of Service. To displace the fuel gas in a
fuel gas piping system by inert gas and then displace the inert
gas with air.

3.3.105 Purge Rate. A constant flow of purging medium at
velocity sufficient to achieve a purge.

3.3.106 Raw Fuel Feeder. A device for supplying a controlled
amount of raw fuel.

3.3.107 Reburn. The process of admitting fuel downstream
of the main burners to create a fuel-rich zone where chemical
reactions reduce NO, to molecular nitrogen.

3.3.108 Reburn Injector. A device that introduces fuel with-
out combustion air into a furnace for the purpose of reducing
NO,, emissions from the furnace.

3.3.109 Recycle. A single burner boiler start-up that is initi-
ated by steam pressure or water temperature following a nor-
mal shutdown.

3.3.110 Refuse-Derived Fuel (RDF). See 3.3.63.11.

3.3.111 Remote Operation. Control from a location removed
from the combustion area.

3.3.112 Repair. A process that returns the combustion system
or subsystem to its original design specifications or criteria.

3.3.113 Restart. A manually initiated start-up.

3.3.114 Scavenging. The procedure by which liquid fuel left
in a burner or igniter after a shutdown is cleared by admitting
steam or air through the burner passages, typically through a
dedicated scavenging medium valve.

3.3.115 Selective Catalytic Reduction (SCR). A method of re-
ducing NO, in flue gas.

3.3.116 Semifluidized. In a fluidized bed boiler, the state in
which a uniform flow of air that is less than that necessary to
fluidize the bed is admitted and is found to be sufficient to
adequately remove gaseous combustibles.

3.3.117 Service Connection. A point at which fuel, an atomiz-
ing medium, or power is connected to the firing equipment or
controlled devices.

3.3.118 Set Point. A predetermined value to which a device
or system is adjusted and at which it performs its intended
function.

3.3.119 Shutdown.

3.3.119.1 Combustion Turbine Normal Shutdown. The nor-
mal sequence of events that automatically provides success-
ful shutdown of the combustion turbine with no abnormal
conditions in the combustion system.

3.3.119.2 Normal Shutdown. Stopping burner operation
by shutting off all fuel and ignition energy to the combus-
tion equipment.

3.3.119.3 Safety Shutdown (Single Burner Boiler). Stopping
burner operation by shutting off all fuel and ignition en-
ergy to the furnace.

3.3.120 Soot Blower. A mechanical device for introducing
steam, air, or water to clean heat-absorbing surfaces.

3.3.121 Sorbent. In a fluidized bed boiler, a constituent that
reacts with and captures a pollutant or, more generally, a con-
stituent that reacts with and captures another constituent.
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3.3.122 Stable Bed. In a fluidized bed boiler, a bed of granu-
lar material that maintains sustained combustion at a desired
temperature.

3.3.123 Stable Flame. A flame envelope that retains its conti-
nuity throughout the maximum rate of change within the op-
erating range of the boiler, burner, or HRSG.

3.3.124 Supervise. To sense and indicate a condition requir-
ing attention and to automatically initiate corrective action.

3.3.125 Switch. Any set of contacts that interrupts or controls
current flow through an electrical circuit.

3.3.126* Test Block Capability. The point on the fan head
versus flow characteristic curve at which the fan is selected.

3.3.127 Transmitter. Any device that converts process mea-
surements from a sensor into a variable signal to be received
by a display, control, or protective device.

3.3.128 Trial for Ignition. The interval of time during light-
off in which a safety control circuit permits the fuel safety shut-
off valve(s) to be opened before the flame detection system is
required to supervise the flame.

3.3.129 Tuyeres. Forms of grates, located adjacent to a retort,
feeders, or grate seals through which air is introduced.

3.3.130 Unattended Operation. A means of operation where
the operator is not in view of operating instrumentation (local
or remote) nor in a position to operate control systems.

3.3.131 Unit. The combined spaces of the furnace and the
associated boiler passes, ducts, and fans that convey the gases
of combustion to the stack; for HRSGs, the combined spaces
of the combustion turbine, the HRSG, and the associated
ducts that convey the air and combustion gases from the air
intake to the stack; for other combustion turbine exhaust sys-
tems, the combined spaces of the combustion turbine, and the
associated ducts that convey the air and combustion gases
from the air intake to the stack.

3.3.132 Valve.

3.3.132.1 Barrier Valve. A valve, not necessarily dusttight,
used to inhibit hot gases from traveling back into any sys-
tem component open for inspection or maintenance.

3.3.132.2 Burner Shutoff Valve. In a pulverized fuel system,
a valve that is installed in the fuel line between the pulver-
izer and the burner.

3.3.132.3 Charging Valve. In a gaseous or liquid fuel sys-
tem, a small valve bypassing the main safety shutoff valve
used for purging and charging the fuel headers and piping
and for testing for leaks.

3.3.132.4 Check Valve. Avalve that allows flow in one direc-
tion only. [13D, 2013]

3.3.132.5 Dusttight Valve. In a pulverized fuel system, a
tight-seating valve installed in the fuel supply pipe to the
burner to allow or stop flow.

3.3.132.6 Equipment Isolation Valve. A manual valve that
separates the boiler, HRSG, or igniter fuel train from the
fuel supply piping system.

3.3.132.7 Flow Control Valve. Avalve capable of regulating
quantity of throughput to a controlled range.
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3.3.132.8 Safety Shutoff Valve (Safety Trip Valve). A fast-
closing valve that automatically shuts off the gaseous or lig-
uid fuel supply in response to a normal, emergency, or
safety shutdown signal.

3.3.132.9 Supervisory Shutoff Valve. In a gaseous or liquid
fuel system, a manually operated shutoff valve with a means
to provide a “valve closed” position signal.

3.3.132.10 Vent Valve. A valve used to allow venting of air
or gas from the system to the atmosphere.

3.3.133 Valve-Proving System. In a gaseous or liquid fuel sys-
tem, a system that proves the leak tightness of all safety shutoff
valves and prevents main burner or igniter light-off if the testis
not satisfied.

3.3.134 Volatile Matter. The portion of mass, except water va-
por, that is driven off in a gaseous form when solid fuels are
heated.

Chapter 4 Fundamentals

4.1* Manufacture, Design, and Engineering.

4.1.1 The owner or the owner’s representative shall, in coop-
eration with the manufacturer, ensure that the unit is not de-
ficient in apparatus that is necessary for operation with respect
to pressure parts, fuel-burning equipment, air and fuel meter-
ing, light-off, and maintenance of stable flame.

4.1.2 All fuel systems shall include provisions to prevent for-
eign substances from interfering with the fuel supply.

4.1.3* An evaluation shall be made to determine the optimum
integration of manual and automatic safety features.

4.1.4% Unattended and Off-Site Operation. Unattended op-
eration, no operator at the operating location(s), or operation
of the plant from an offssite operating location shall be ap-
proved and shall require a process hazard analysis (PHA) ex-
cept as allowed by Section 5.3.

4.1.5 The burner or fuel feed piping and equipment shall be
designed, constructed, and located to prevent the formation
of hazardous concentrations of combustibles under normal
operating conditions.

4.1.6* The installation of boilers or HRSGs, including the
burners or fuel feed piping and equipment, in accordance
with the requirements of this code shall not in and of itself
determine the electrical classification.

4.1.7 Burners and associated equipment shall be accessible
for maintenance.

4.2 Installation and Commissioning.

4.2.1 The boiler, heat recovery steam generator (HRSG),
combustion turbine exhaust system, or pulverized fuel system
shall not be released for operation before the installation and
checkout of the required safeguards and instrumentation sys-
tem have been successfully completed.

4.2.2 The party responsible for the erection and installation
of the equipment shall ensure that all pertinent apparatus is
installed and connected in accordance with the system design.

4.2.3 The owner or owner’s representative, the engineering
consultant, the equipment manufacturer, and the operating

Full document details: NFPA 85 2015

company shall prohibit operation until the safeguards have
been tested for correct operation as a system.

4.2.3.1 If temporary interlocks and instrumentation are nec-
essary to meet these requirements, any such temporary system
shall be reviewed by the purchaser, the engineering consult-
ant, the equipment manufacturer, and the operating com-
pany, and agreement shall be reached on the system’s ability
to protect equipment and personnel in advance of start-up.

4.2.3.2 All temporary modifications shall be documented,
and permanent resolutions shall be accomplished prior to
commercial operation.

4.2.4 The interlock system and protective devices shall be
tested jointly by the organization responsible for the system
design and by those who operate and maintain such a system
and devices.

4.2.5 After installation but before initial operation, coordi-
nated tests of all systems shall be accomplished.

4.2.6 Documentation of the plant equipment, the system,
and maintenance activities shall be updated to reflect changes
in the status of equipment and operating procedures.

4.2.7* Each time fuel gas is introduced to a fuel gas supply
piping system containing air or inert gas upstream of the
equipment isolation valve, the source of fuel gas in the piping
system upstream of the equipment isolation valve shall be con-
firmed to be in compliance with the applicable evacuation/
purging and charging requirements in NFPA 54 or NFPA 56.

4.2.8* When fuel gas is introduced into piping downstream of
the equipment isolation valve, the contents shall be displaced
in accordance with one of the following:

(1) Discharged through a permanently installed venting sys-
tem; or

(2) Discharged into the boiler or HRSG in accordance with
the normal startup sequence; or

(3) Purged into service in accordance with Chapter 7 of NFPA 56

4.3 Coordination of Design, Construction, and Operation.

4.3.1* During the planning and engineering phases of plant
construction, the design shall be coordinated with operating
personnel.

4.3.2*% The integration of the various components, including
boiler or HRSG, burner, fuel and air supply equipment, con-
trols, interlocks and safety devices, operator and maintenance
functions, and communication and training, shall be the re-
sponsibility of the owner and the operating company.

4.4* Maintenance, Inspection, Training, and Safety.

4.4.1 Maintenance and Equipment Inspection. See also An-
nex H.

4.4.1.1* A program shall be provided for inspection and main-
tenance of equipment at intervals consistent with the type of
equipment used, service requirements, and manufacturers’
recommendations.

4.4.1.2 As a minimum, the maintenance program shall in-
clude the following:

(1) Inspections to identify conditions that need corrective
action

(2) Planning for making repairs or modifications using quali-
fied personnel and tools and instruments designed for
the work

(3) Equipment history and record of dates of service, condi-
tions found, maintenance performed, and changes made
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(4) Written comprehensive maintenance procedures incor-
porating the manufacturer’s instructions to define the
tasks and skills required

(5) Nondestructive examination requirements; tasks needing
special tools; special environmental factors such as tem-
perature limitations, dusts, contaminated or oxygen-
deficient atmospheres, and limited access or confined
space restrictions

(6) Equipment condition assessment before and after main-
tenance

(7) Supply of spare parts to perform required maintenance

(8) Housekeeping essential for prevention of fires or explo-
sions that includes the following:

(a) Provisions for cleaning of horizontal ledges or sur-
faces of buildings and equipment to prevent the accu-
mulation of dust deposits greater than the minimum
required to create an explosion hazard

(b) Water washing or vacuum cleaning methods to re-
duce the possibility of creating dust clouds

(c) Prohibition of the use of compressed air for cleaning

4.4.1.3% Operation, set points, and adjustments shall be veri-
fied by testing at specified intervals, and the results shall be
documented.

4.4.1.4% Defects shall be reported and corrected, and the
changes or repairs documented.

4.4.1.5 System configuration, including logic, set points, and
sensing hardware, shall not be changed without detailed engi-
neering review and documentation.

4.4.1.6 System operation shall be tested and verified for com-
pliance with the design criteria whenever a controller is re-
placed, repaired, reprogrammed, or updated before return-
ing it to service.

4.4.1.7 When a unit that fires liquid fuel is out of service and
available for inspection, personnel shall check for any accu-
mulation of unburned fuel in the boiler or HRSG enclosure,
especially in the fin-tube area of a HRSG.

4.4.2 Purging Fuel Gas Piping Into and Out of Service.

4.4.2.1 Prior to the opening of fuel gas piping systems for
maintenance, the piping section shall be isolated from the
fuel gas supply, and the fuel gas piping system downstream of
the equipment isolation valve shall be purged out of service in
accordance with Chapter 8 of NFPA 56.

4.4.2.2 Following maintenance, fuel gas shall be introduced
into piping downstream of the equipment isolation valve in
accordance with 4.2.8.

4.4.3 Training.
4.4.3.1 Operator Training.

4.4.3.1.1* The owner or the owner’s representative shall be
responsible for establishing a formal training program that is
consistent with the type of equipment and hazards involved to
prepare personnel to operate equipment.

4.4.3.1.2 Operating procedures shall be established that

cover normal and emergency conditions.

4.4.3.1.2.1 Start-up, shutdown, and lockout procedures shall
all be covered in detail.

4.4.3.1.2.2 Where different modes of operation are possible,
procedures shall be prepared for each operating mode.
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4.4.3.1.2.3 Procedures also shall be prepared for switching
from one mode to another.

4.4.3.1.3 The owner or owner’s representative shall verify
that operators are trained and competent to operate the
equipment under all conditions prior to their operation of
such equipment.

4.4.3.1.4 The owner or owner’s representative shall be re-
sponsible for retraining operators, including reviewing their
competence, at intervals determined by the owner.

4.4.3.1.5 The training program and operating and mainte-
nance manuals shall be kept current with changes in equip-
ment and operating procedures and shall be available for ref-
erence and use at all times.

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

4.4.3.2 Maintenance Training.

4.4.3.2.1*% The owner or owner’s representative shall be respon-
sible for establishing a formal and ongoing program, consistent
with the equipment and hazards involved, for training mainte-
nance personnel to perform all required maintenance tasks.

4.4.3.2.2 Maintenance procedures and their associated train-
ing programs shall be established to cover routine and special
techniques.

4.4.3.2.3 Environmental factors such as temperature, dusts,
contaminated or oxygen-deficient atmospheres, internal pres-
sures, and limited access or confined space requirements shall
be included in the maintenance procedures.

4.4.3.2.4 Maintenance procedures shall be consistent with
safety requirements and the manufacturer’s recommenda-
tions and shall be kept current with changes in equipment and
personnel.

4.5 Basic Operating Requirements.

4.5.1 Operating procedures with a minimum number of
manual operations shall be established.

4.5.2 Standard operating procedures that result in well-
defined and controlled operations shall be established.

4.5.3 Interlocks shall be provided to ensure correct operating
sequences and to interrupt sequences when conditions are
not correct for continuation.

4.5.4% The design shall not require any deliberate defeating of
an interlock to start or operate equipment.

4.5.5 Interlock devices shall be permitted to be temporarily
removed from service in accordance with the following:

(1) Removal of the interlock shall be authorized by a compe-
tent person and documented in accordance with operat-
ing procedures.

(2) Alternate means shall be substituted to supervise this inter-
lock function in accordance with operating procedures.

4.5.6 Purge and start-up procedures with necessary interlocks
shall be established.

4.5.7 Written operating procedures and detailed checklists
for operator guidance shall be provided for achieving all auto-
matic and manual operating functions.
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4.6* Structural Design. The furnace shall be capable of with-
standing transient design pressures and normal operating
pressures without permanent deformation due to yield or
buckling of any support member. Transient pressures to be
considered shall include, but shall not necessarily be limited
to, misoperation of fans or dampers and a master fuel trip
while operating at maximum design load. (Refer to individual
chapters for additional guidance.)

4.7 Functional Requirements of Fuel-Burning System. See
also Annex I.

4.7.1 Function. The fuel-burning system shall function to con-
vert continuously any ignitible input into unreactive products
of combustion at the same rate that the fuel(s) and air reac-
tants enter the combustion chamber.

4.7.2 Compatibility. The fuel-burning system shall be sized to
meet the operating requirements of the unit, shall be compat-
ible with other component systems, and shall be capable of
being controlled for the full operating range of the unit.

4.7.3 System Requirements.

4.7.3.1* The fuel-burning system shall provide means for start-
up, operation, and shutdown of the combustion process, in-
cluding openings and configurations in the component as-
semblies to allow observation, measurement, and control of
the combustion process.

4.7.3.2 The fuel-burning system shall consist of the boiler or
HRSG enclosure and the following subsystems, as applicable:
air supplies, fuel supplies, main fuel burning, ignition, and
combustion products removal and re-injection. Each shall be
sized and interconnected to meet the requirements of 4.7.4
through 4.7.8.

4.7.4 Enclosures. The boiler enclosure or HRSG enclosure
shall meet the requirements of 4.7.4.1 through 4.7.4.3.

4.7.4.1 The enclosure shall be sized and arranged with re-
spect to the main fuel-burning subsystem so that stable flame
is maintained.

4.7.4.2 The enclosure shall be free from “dead pockets”
when prescribed purge procedures are followed.

4.7.4.3 Observation ports shall be provided to allow visual
inspection of the combustion chamber, igniter and burner
flames (including the ignition zone), overfire air ports, re-
burn injectors, and stoker grates.

4.7.5% Air Supply Subsystem. The air supply subsystem shall
meet the requirements of 4.7.5.1 through 4.7.5.3.

4.7.5.1 The air supply equipment shall be sized and arranged
to ensure a continuous airflow for all operating conditions on
the unit.

4.7.5.2 Drain and access openings shall be provided and shall
be accessible.

4.7.5.3 The air supply equipment shall be capable of continu-
ing the required airflow during anticipated combustion cham-
ber pressure pulsations.

4.7.6 Fuel Supply Subsystem. Fuel supplies and main fuel-
burning subsystems shall meet the applicable requirements in
Chapters 5 through 10 for specific systems.

4.7.7* Ignition Subsystem. The ignition subsystem shall meet
the requirements of 4.7.7.1 through 4.7.7.13.
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4.7.7.1 The ignition subsystem shall be sized and arranged to
ignite the main burner input within the limitation of the ig-
niter classification as follows:

(1) Itshall be verified through testing that the igniters furnished
meet the requirements of the class specified in the design.

(2) Igniters shall be designated as Class 1, Class 2, or Class 3 as
defined in 3.3.73.1, 3.3.73.2, and 3.3.73.3 and as verified
by test.

4.7.7.2 Class 1 igniters shall be permitted to be used as Class 2
or Class 3 igniters. Class 2 igniters shall be permitted to be
used as Class 3 igniters.

4.7.7.3 Where Class 2 igniters are used, the burner shall be
operated under controlled conditions to limit the potential
for abnormal operation, as well as to limit the charge of fuel in
the event that ignition does not occur during light-off.

4.7.7.4 Class 2 igniters shall not be used to ignite the main
fuel under uncontrolled or abnormal conditions.

4.7.7.5 Where Class 3 igniters are used, the igniter shall be
turned off as a part of the burner light-off procedure when the
time trial for ignition of the main burner has expired, to en-
sure that the main flame is not dependent on ignition support
from the igniter.

4.7.7.6 Class 2 igniters shall not be used to extend the turn-
down range but shall be permitted to be used to support igni-
tion under low-load or adverse operating conditions.

4.7.7.7 Class 3 igniters shall not be used to support ignition
or to extend the burner turndown range.

4.7.7.8 Except for periods when the main burner is being
scavenged, Class 3 special igniters shall not be used unless
supervision of the individual main burner flame is provided.

4.7.7.9* Where Class 1 and Class 2 igniters are used, the tests
described in 6.6.3.2.2, 6.7.3.2.2, and 6.8.3.2.2 shall also be per-
formed with the ignition subsystem in service to verify that the
igniters furnished meet the requirements of the class specified
in the design.

4.7.7.10 Tests shall be performed to determine transient lim-
its in the ignition air and fuel supplies or in the main air and
fuel supplies that do not extinguish the igniter flame or re-
duce the igniter’s ability to perform its intended function or
adversely affect other burners and igniters in operation.

4.7.7.11 Igniters shall be permanently installed under the fol-
lowing conditions:

(1) They shall be supervised to verify that the requirements of
4.7.7.1 and 4.7.7.2 are met.

(2) This supervision shall include igniter capacity and indi-
vidual igniter flame monitoring.

(3) The capacity shall be measured by igniter header pressure
as a minimum.

(4) On single burner boilers, igniters shall not require super-
vision of igniter capacity.

4.7.7.12 The ignition equipment shall be located in an environ-
ment free of excessive heat and accessible for maintenance.

4.7.7.13 All igniter safety shutoff valves shall be located to
minimize the volume of fuel that is downstream of the valve in
the individual igniter fuel lines or that could flow by gravity
into the combustion chamber after an emergency shutdown
or a burner shutdown.
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4.7.8 Combustion Products Removal Subsystem. The com-
bustion products removal subsystem shall meet the require-
ments of 4.7.8.1 through 4.7.8.5.

4.7.8.1 The flue gas ducts, fans, and stack shall be sized and
arranged to remove the products of combustion at the same
rate at which they are generated by the fuel-burning process
during operation of the unit.

4.7.8.2 Drain and access openings shall be provided and shall
be accessible.

4.7.8.3 The flue gas ducts shall be designed so that they do
not contribute to combustion chamber pulsations.

4.7.8.4 Components common to more than one boiler or
HRSG shall not limit the rate of removal of products of com-
bustion generated during the operation of all boilers or
HRSGs.

4.7.8.5 Boilers or HRSGs that share a common component
between the furnace outlet and the stack shall be in accor-
dance with the following:

(1) There shall be provisions to bypass the common compo-
nent for unit purge when the common component con-
tains a possible ignition source.

(2) A common component shall not interrupt the open-flow
air path of a boiler or HRSG during operation or purge.

(3)*A common component shall not permit the flow of com-
bustion products into an idle boiler or HRSG.

4.8 Multiple Boilers or HRSGs.

4.8.1 Where multiple boilers or HRSGs are supplied from the
same fuel supply source, an equipment isolation valve shall be
provided for each boiler and HRSG.

4.8.2 Dedicated safety shutoff valving, with related alarm, in-
terlock, and control instrumentation, shall be provided for
each boiler and HRSG.

4.9 Gaseous Vent System Requirements.

4.9.1* The discharge from atmospheric vents shall be located
away from occupied areas, sources of ignition, combustion air
intakes, building ventilation systems, or the windows of a
boiler or HRSG room or adjacent buildings and shall be ex-
tended above the boiler or HRSG and adjacent structures so
that gaseous discharge does not present a hazard.

Table 4.9.2 Vent Sizes

4.9.2 Ventline sizes and vent valve port diameters shall not be
less than the values shown in Table 4.9.2.

4.9.3 Manifolding of Vents.

4.9.3.1 Vents from systems operating at different pressure lev-
els shall not be manifolded together.

4.9.3.2 Vents from systems served from different pressure-
reducing stations shall not be manifolded together.

4.9.3.3 Vents from different boilers or HRSGs shall not be
manifolded together.

4.9.3.4 Vents from systems using different fuel sources shall
not be manifolded together.

4.9.3.5 Header vents shall be permitted to be manifolded
together only with other header vents and only when operated
and tripped in parallel.

4.9.3.6 Burner vents shall be permitted to be manifolded to-
gether only with other burner vents.

4.9.3.7 Igniter vents shall be permitted to be manifolded to-
gether only with other igniter vents.

4.9.3.8 Lance vents shall be permitted to be manifolded to-
gether only with other lance vents.

4.9.4 The cross-sectional area of the manifold line shall not
be less than the greater of the following:

(1) The cross-sectional area of the largest vent plus 50 per-
cent of the sum of the cross-sectional areas of the addi-
tional vent lines

(2) The sum of the cross-sectional areas of the two largest vent
lines

4.10 Fuel System Piping.

4.10.1 Fuel Gas Piping Systems. Fuel gas piping material
and system design shall be in accordance with NFPA 54 (for
fuel gas piping inside industrial and institutional build-
ings), ASME B31.1, Power Piping (for fuel gas piping in
power applications), or ASME B31.3, Process Piping (for fuel
gas piping in process applications).

4.10.1.1 Equipment Isolation Valves. An equipment isolation
valve shall be provided and shall be readily accessible at the
fuel gas supply piping system connection.

Fuel Line Size

Minimum Vent Line Size

DN (mm) NPS (in.) DN (mm) NPS (in.)
<40 <1% 20 EZ1
50 2 25 1
65 to 80 2% t0 3 32 14
90 3% 40 1%
100 to 125 4tob 50 2
150 6 65 2%
175 7 80 3
200 8 90 3%
>200 >8 Vent internal cross-sectional area >15%

of the fuel line internal cross-sectional

area
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4.10.1.1.1 Equipment isolation valves shall meet the follow-
ing requirements:

(1) They shall have permanently affixed visual indication of
the valve position.

(2) They shall be able to be operated from full open to full
close and return without the use of tools.

4.10.2 Fuel Oil Piping Systems. Fuel oil piping materials and
system design shall be in accordance with NFPA 31 (for fuel
oil piping inside industrial or institutional buildings),
ASME B31.1, Power Piping (for fuel oil piping in power ap-
plications), or ASME B31.3, Process Piping (for fuel oil pip-
ing in process applications).

4.10.3* Flue Gas Path Auxiliary Systems — Fuel , Oxidizer,
and Combustible Reagent Piping.

4.10.3.1* The requirements in 4.10.3 shall apply to flue gas
path auxiliary systems that inject fuel, oxidizer, or combustible
reagent into the boiler enclosure or flue gas path when in
operation.

4.10.3.2 Positive means to prevent leakage of fuel, oxidizer,
or combustible reagent into an idle furnace or flue gas path
shall be provided.

4.10.3.3 For gaseous fuels or gaseous combustible reagents,
provisions shall include a double block and vent valve arrange-
ment on the fuel or gaseous combustible reagent supply, sepa-
rate from any other double block and vent valve arrangements
for other systems.

4.10.3.4 For oxidizers, provisions shall include a block valve
on the oxidizer supply, separate from any other block valves
for other systems.

4.10.3.5 For gaseous fuels or gaseous combustible reagents, a
double block and vent valve arrangement shall be provided in
the fuel or gaseous combustible reagent line associated with
each flue gas path injection system.

4.10.3.6 For gaseous fuels or gaseous combustible reagents,
each flue gas path injection system that can be operated inde-
pendent of other flue gas path injection systems shall have its
own double block and vent valve arrangement.

4.10.3.7 For liquid or blown-in powder fuels or combustible
reagents, provisions shall include a block valve on the fuel or
combustible reagent supply, separate from any other block
valves for other systems.

4.11* Burner Management System Logic.
4.11.1 Interlock System.

4.11.1.1 The basic requirement of an interlock system for a
boiler or combustion system shall accomplish the following:

(1) Protect personnel from injury

(2) Protect equipment from damage

(3) Protect operation by limiting actions to a prescribed operat-
ing sequence or by initiating trip devices when approaching
an out-of-range or unstable operating condition

4.11.1.2* Additional automatic trips shall be permitted.

4.11.1.3 Fuel-specific interlocks shall be provided for each
design basis fuel.

4.11.1.4* Operating personnel shall be made aware of the
limitations of the interlock system.
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4.11.2* As a minimum, the requirements of 4.11.3 through
4.11.11 shall be included in the design to ensure that a logic
system for burner management meets the intent of those re-
quirements.

4.11.3 The logic system for burner management shall be de-
signed specifically so that a single failure in that system does
not prevent an appropriate shutdown.

4.11.4 The burner management system interlock and alarm
functions shall be initiated by one or more of the following:

(1) One switch or transmitter dedicated to the burner man-
agement system

(2) Voting logic derived from two or more switches or
transmitters

4.11.4.1 When multiple transmitters are used in the burner
management system, such signals shall be permitted to be
shared with other control systems for control purposes.

4.11.4.2* When signals from multiple switches or transmitters
are provided to initiate interlock or alarm functions, those
signals shall be monitored in comparison to each other by
divergence or other fault diagnostic alarms.

4.11.4.3 When signals from multiple switches or transmitters
are provided to initiate interlock or alarm functions, the pro-
vided signals shall be generated by individual sensing devices
connected to separate process taps.

4.11.5*% Alarms shall be generated to indicate equipment mal-
function, hazardous conditions, and misoperation.

4.11.6 The burner management system designer shall evalu-
ate the failure modes of components, and as a minimum the
following failures shall be evaluated and addressed:

(1) Interruptions, excursions, dips, recoveries, transients,
and partial losses of power
(2) Memory corruption and losses
(3) Information transfer corruption and losses
(4) Inputs and outputs (fail-on, fail-off)
(5) Signals that are unreadable or not being read
(6) Failure to address errors
(7) Processor faults
(8) Relay coil failure
(9) Relay contact failure (fail-on, fail-off)
(10) Timer failure

4.11.7* The design of the logic system for burner manage-
ment shall include and accommodate the following require-
ments:

(1) Diagnostics shall be included in the design to monitor
processor logic function.

(2) Logic system failure shall not preclude proper operator
intervention.

(3) Logic shall be protected from unauthorized changes.

(4) Logic shall not be changed while the associated equip-
ment is in operation.

(b) System response time (through-put) shall be short to
prevent negative effects on the application.

(6) Protection from the effects of noise shall prevent false
operation.

(7) No single component failure within the logic system
shall prevent a mandatory master fuel trip.

(8) The operator shall be provided with a dedicated manual
switch(es) that shall actuate the master fuel trip relay
independently and directly.
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(9) At least one manual switch referenced in 4.11.7(8) shall
be identified and located remotely where it can be
reached in case of emergency.

(10)*The logic system shall be monitored for failure.

(11) Failure of the logic system shall require a fuel trip for all
equipment supervised by the failed logic system.

(12) Logic shall be maintained either in nonvolatile storage
or in other memory that retains information on the loss
of system power.

4.11.8* Requirement for Independence.

4.11.8.1 The burner management system shall be provided
with independent logic, independent logic solving hardware,
independent input/output systems, and independent power
supplies and shall be a device functionally and physically sepa-
rate from other logic systems.

4.11.8.2 The burner management safety functions shall in-
clude but shall not be limited to purge interlocks and timing,
mandatory safety shutdowns, trial timing for ignition, and
flame monitoring.

4.11.8.3 The logic system shall be limited to one boiler or
HRSG.

4.11.8.4 The same hardware type used for burner manage-
ment systems shall be permitted to be used for other logic
systems.

4.11.8.5 Network communications between the burner man-
agement system and other systems shall be permitted. The
network communicating with other systems shall not be the
same network that the burner management system uses to
communicate with its input/output hardware.

4.11.8.6* Signals and the manually operated devices specified
in 4.11.7(8) that initiate mandatory master fuel trips shall be
hardwired.

4.11.9 Momentary Closing of Fuel Valves.

4.11.9.1 Logic sequences or devices intended to cause a safety
shutdown, once initiated, shall cause a burner or master fuel
trip, as applicable, and shall require operator action prior to
resuming operation of the affected burner(s).

4.11.9.2 No logic sequence or device shall be permitted that
allows momentary closing and subsequent inadvertent re-
opening of the main or ignition fuel valves.

4.11.10 Circuit Devices. No momentary contact or automatic
resetting device, control, or switch that can cause chattering
or cycling of the safety shutoff valves shall be installed in the
wiring between the load side (terminal) of the primary or pro-
gramming control and the main or ignition fuel valves.

4.11.11 Documentation. Documentation shall be provided to
the owner and the operator indicating that all safety devices
and logic meet the requirements of the application.

4.12 Flame Monitoring and Tripping Systems.

4.12.1 Functional Requirements. The basic requirements of
any flame monitoring and tripping system shall be as follows:

(1) Combustion instability situations shall be brought to the
attention of the operator for remedial action.

(2) An emergency shutdown of the involved equipment shall
be automatically initiated upon detection of serious com-
bustion problems that will lead to the accumulation of
unburned fuel.
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4.12.2 System Objectives.

4.12.2.1 System objectives shall be developed that include those
requirements that are specifically related to the combustion con-
ditions typical for particular combustion chamber configura-
tions, burner or firing systems, and fuel characteristics.

4.12.2.2 Such objectives shall be consistent with the indi-
vidual manufacturer’s design philosophy.

4.12.3 Flame Detection.
4.12.3.1 Flame Detector Sighting.

4.12.3.1.1 Flame detector sighting shall be a factor in the
initial design.

4.12.3.1.2 Field tests shall be required to establish optimum
sighting angles of burners or nozzles and to check the effective
angular range of flame detectors in relation to burners or
nozzles.

4.12.3.2 Clean Air Supply. Clean air, where necessary, shall be
supplied to minimize problems with dirty detector lenses.

4.12.3.3 Self-Checking of Flame Detectors. Where flame-
sensing detectors can fail in the flame-proven mode, self-
checking features shall be provided to ensure that the failure of
any single component cannot result in a false indication of flame.

4.12.3.4* Reduced Emissions Control Effects.

4.12.3.4.1 Flame detector selection, sighting, and location
shall be re-evaluated in accordance with 4.12.2 following
implementation of methods or installation of equipment to
reduce the emission of air pollutants.

4.12.3.4.2 When changes made to reduce the emission of air
pollutants affect flame characteristics, main burners shall be
tested for the limits of stable flame.

4.12.3.5 Flame Proving.

4.12.3.5.1 A flame detector shall not use any mechanical,
electrical, or electronic means to force the flame detector into
a “flame not detected” mode as part of the igniter and/or
burner starting sequence.

4.12.3.5.2 Aflame detector shall prove ignition of the associ-
ated fuel by proving both igniter “flame not detected” and
burner “flame not detected” prior to introduction of the fuel
to the igniter or burner and proving “flame detected” after
introduction of that fuel to that igniter or burner.

4.12.3.5.3 An igniter flame detector shall not be required to
prove “flame not detected” if the associated burner is proven
in service and the associated igniter is out of service.

4.12.3.5.4 A burner flame detector shall not be required to
prove “flame not detected” if an associated Class 1 igniter is
proven in service.

4.12.3.5.5 The igniter flame detector(s) and/or the burner
flame detector(s) shall not be required to prove “flame not
detected” after the boiler load has been elevated to the point
that it is no longer possible to achieve individual flame dis-
crimination.

4.12.3.5.6 The boiler load specified in 4.12.3.5.5 shall be
proven by test to be the load level at which individual igniters
and/or burner flame discrimination is no longer possible, but
in no case shall the boiler load be less than that for which tests
show that complete combustion will occur.
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4.12.3.5.7 The response time from flame failure to the initia-
tion of the trip signal to the fuel safety shutoff devices shall not
exceed 4 seconds, including any time delay associated with the
flame detector.

4.13* Combustion Control System.
4.13.1 Functional Requirements.

4.13.1.1 The combustion control system shall regulate the
inputs into the combustion chamber to ensure continuous
combustion and stable flame under all operating conditions.

4.13.1.2 Draft control, where applicable, shall be coordi-
nated with the combustion control system.

4.13.1.3* On multiple burner boilers, equipment shall be pro-
vided and procedures shall be established to maintain the air-
fuel ratio within design limits at each burner.

4.13.1.3.1 The equipment and procedures shall not be re-
quired to be a part of the combustion control system.

4.13.1.4 Boiler or HRSG control systems shall be permitted to
be combined for more than one boiler or HRSG where the con-
trol system is separated from the burner management system.

4.13.2 System Requirements.

4.13.2.1* Except as noted in 4.13.2.2, under no circumstances
shall airflow demand be less than the minimum purge rate
established by the designer.

4.13.2.2 For single burner boilers, airflow demand shall not
be reduced below the low limit of the fuel-burning system as
determined by the burner manufacturer and verified by oper-
ating test.

4.13.2.3 The fuel demand shall not increase the fuel input(s)
above the available airflow.

4.13.2.4 Airflow demand shall not reduce airflow below that
required by the actual fuel input(s).

4.13.2.5 The fuel demand shall not exceed the capability of
the operating draft fans.

4.13.2.6 If the loss or shutdown of a draft fan causes the fuel
demand to be greater than the capacity of the fans in service,
the fuel(s) shall be rapidly reduced to a value that can be
accommodated.

4.13.2.7 Measurements.

4.13.2.7.1 Measurements used in the combustion control sys-
tem shall be accurate and reproducible to maintain stable firing
conditions.

4.13.2.7.2 Pressure, temperature, density, and/or viscosity
corrections shall be employed, as applicable, to meet the re-
quirement of 4.13.2.7.1.

4.13.2.8 Where multiple fuels are fired, the fuel inputs shall
be totalized on the basis of their relative heat values.

4.13.2.9 The total heat input to a given burner or combus-
tion zone shall not exceed the maximum limits specified by
the boiler or HRSG manufacturer.

4.13.2.10* Means shall be provided to enable the operator to
adjust the air-fuel ratio for all boilers consistent with the fu-
el(s) being fired.
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4.13.2.11 The equipment selection and the design of the
combustion control system shall facilitate the on-line calibration,
testing, and maintenance requirements described in 4.4.1.

4.13.2.12 The rate of increase of reburn fuel injection shall
not exceed the response capability of the main combustion
control system.

4.13.3 Additional Requirements.

4.13.3.1 Any logic commands from the burner manage-
ment system shall take precedence over the combustion
control system.

4.13.3.2 Where applicable, automatic control of airflow shall
not be permitted unless the draft control is maintained in au-
tomatic control.

4.13.3.3* Automatic Control.

4.13.3.3.1 Exceptas noted in 4.13.3.3.2, automatic control of
the fuel input(s) shall not be permitted unless the airflow is
maintained in automatic control.

4.13.3.3.2 For HRSGs designed and operated in accordance
with Chapter 8, automatic control of fuel inputs shall be per-
mitted without automatic control of airflow.

4.13.3.4 The combustion control system shall neither auto-
matically increase nor automatically decrease a fuel input be-
yond the fuel-burning system’s operating range as determined
by the manufacturer and verified by operating test.

4.13.3.5 The combustion control system shall not reduce the
fuel feed to a pulverizer below the minimum feed rate estab-
lished by the pulverizer manufacturer for the manufacturer’s
specified design fuel.

4.13.3.5.1 For fuels with ignition characteristics different
from those of the manufacturer’s design fuel, the combustion
control system shall not reduce the fuel feed rate below the
value that ensures stable and self-sustaining combustion at the
burners served by the pulverizer.

4.13.3.5.2 The minimum feed rate for fuels not conforming
to the fuel specifications used by the manufacturer in the de-
sign of the pulverizer system shall be determined by opera-
tional tests.

4.14 Power Supplies. Precautions shall be taken to ensure the
availability of a failure-free power supply (electric or pneu-
matic) to all control and safety devices.

4.15% Operating Information.

4.15.1 Except as noted in 4.15.1.1 and 4.15.1.2, continuous
trend display of steam flow rate, feedwater flow rate, total fuel
flow rate, and total airflow rate as a percentage of the maxi-
mum unit load, drum level, final steam temperature, main
steam pressure, and furnace or combustion chamber draft
shall be simultaneously available at the operating location.

4.15.1.1%* For single burner boilers, continuous trend display of
operating parameters critical to operation shall be provided.

4.15.1.2 For HRSGs, continuous trend display requirements
are specified in 8.7.2.3.

4.15.2 Alarms and indicators shall be grouped operationally
and shall be visible to the operator to allow access to opera-
tional devices.
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4.15.3 All emergency alarm indicators, push buttons, and se-
lector switches shall be visible to the operator, labeled clearly,
and protected to avoid inadvertent actuation.

4.15.4 All control functions shall be grouped for accessibility
and in proximity to their associated alarm and indication de-
vices.

4.15.5% Where video display units (VDUs) are used, data shall
be displayed on monitor screens in a logical, operational
grouping to minimize the number of keystroke operations
needed to respond to system upsets.

4.15.6 Where VDUs are used, alarm functions shall be priori-
tized to appear on the monitor screen upon being sensed,
regardless of any information already displayed.

4.15.7 Alarm systems shall be designed so that the operator
receives audible and visual indication of the out-of-limits con-
ditions.

4.15.8 The audible alarm shall be permitted to be silenced by
the operator after actuation, but the visual indication shall
continue until the condition is within specified limits and has
been reset.

4.15.9 Defeating of the alarm shall be authorized by a com-
petent person and documented in accordance with operating
procedures.

4.15.10 When it is necessary to manually defeat an alarm,
defeating the alarm shall be performed by authorized person-
nel, and the alarm shall be tagged as inoperative.

4.16* Selective Catalytic Reduction.

4.16.1 Where selective catalytic reduction (SCR) systems are
selected for NO, emission control, they shall be integrated
into the design of the boiler system, HRSG, or combustion
turbine exhaust system to operate in the flue gas temperature
range required.

4.16.2 Areas in which either anhydrous or aqueous ammonia
is stored or piped shall be ventilated to preclude toxic or flam-
mable concentrations.

4.16.3 Areas in which anhydrous ammonia is stored or piped
shall meet the requirements of CGA G-2.1/ANSI K61.1, Safety
Requirements for the Storage and Handling of Anhydrous Ammonia.

Chapter 5 Single Burner Boilers

5.1 Application.

5.1.1 This chapter shall be used in conjunction with Chapters 1
through 4 and requires the coordination of operation proce-
dures, control systems, interlocks, and structural design.

5.1.2 Where conflicts exist, the requirements of Chapter 5
shall apply.

5.1.3 All safety shutoff valves, safety interlock devices, valve-
proving systems, and flame detection systems shall be listed or
approved. A safety shutoff valve proof of closure switch shall be
an original design component of the valve or actuator assem-
bly and shall activate only after the valve is fully closed.

5.2 Purpose. The purpose of this chapter shall be to establish
minimum requirements for the design, installation, opera-
tion, and maintenance of single burner boilers, their fuel-
burning systems, and related systems to contribute to opera-
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tion within design limits and, in particular, to the prevention
of furnace explosions.

5.3 Unattended Operation. The process hazard analysis re-
quired by 4.1.4 shall not apply to automatic recycling and au-
tomatic nonrecycling single burner boilers designed for unat-
tended operation unless required by the authority having
Jjurisdiction.

5.4 Equipment Requirements.
5.4.1% Fuel Supply — Oil.

5.4.1.1 Fuel shall be stored, prepared, and delivered to the
oil service connection under anticipated operating conditions
in accordance with the applicable portions of NFPA 31.

5.4.1.2 Operation of the burner shall not be attempted until
a continuous fuel supply is ensured.

5.4.1.3 Fuel shall be delivered continuously to the combus-
tion chamber in a finely atomized form that can be ignited
readily and consumed.

5.4.1.4 All equipment that is associated with pumping, heat-
ing, and straining the fuel from storage to the service connec-
tion shall be designed, sized, and interconnected so as to pro-
vide a fuel supply that meets the boiler design requirements
over a full range of conditions.

5.4.1.5 Relief valves shall be installed after the pump to pre-
vent overpressure in the system.

5.4.1.6 Fuel being burned shall be delivered to the burner at
the temperature and pressure specified by the burner manu-
facturer.

5.4.1.7 Where the fuel must be heated, the interlocks and
instruments shall reflect the correct values of the variable be-
ing measured, particularly in dead-end lines, where heavy oil
will tend to solidify.

5.4.1.8 Oil Supply.

5.4.1.8.1 The operation of a burner system that has the capabil-
ity to burn heated and unheated oils shall include a procedure to
ensure that the specified grade of oil, compatible with the se-
lected mode of operation, is being supplied to the burner.

5.4.1.8.2 Precautions shall include the intended routing of
recirculated oil.

5.4.1.9 Two safety shutoff valves in series, each with a proof of
closure switch, shall be provided in the oil line to the main
burner.

5.4.1.10 Where pressure can develop in excess of the valve or
piping rated pressure(s), the piping design shall include a means
to prevent or relieve excess pressure between the valves.

5.4.1.11 Oil piping materials and system design shall be in
accordance with NFPA 31 (for oil piping inside industrial or
institutional buildings), ASME B31.1, Power Piping (for oil pip-
ing in power applications), or ASME B31.3, Process Piping (for
oil piping in process applications).

5.4.2% Fuel Supply — Gas.

5.4.2.1 The gas supply at the gas service connection shall be
controlled at the pressure for which the fuel-burning system
had been designed.

5.4.2.2 Gas piping shall be sized to maintain the required
pressure for maximum burner flow.
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5.4.2.3%* Two safety shutoff valves in series, each with a proof of
closure switch, shall be provided in the fuel gas line to the
main burner, and an automatic vent valve shall be provided
between the two valves.

5.4.2.3.1 When a listed automatic valve-proving system is
used with two safety shutoff valves in series, each with a proof
of closure switch, the automatic vent valve shall be permitted
to be omitted.

5.4.2.3.2%* Where automatic valve-proving systems are in-
stalled, valve proving shall be performed either after every
burner shutdown or prior to every burner light-off.

5.4.2.4 Foreign matter such as welding beads, chips, scale,
dust, and debris shall be removed from the gas piping.

5.4.2.5 A drip leg shall be provided in the gas piping. (See
A5.4.23and A.5.4.4.1.)

5.4.2.6 Gas piping material and system design shall be in ac-
cordance with NFPA 54 (for gas piping inside industrial and
institutional buildings), ASME B31.1, Power Piping (for gas pip-
ing in power applications), or ASME B31.3, Process Piping (for
gas piping in process applications).

5.4.2.7 Valve Leakage Test.

5.4.2.7.1 Permanent means shall be provided for making
manual valve leakage tests of the main burner gas safety shut-
off valves.

5.4.2.7.2 Manual valve leakage tests of the main safety shutoff
valves shall be conducted at least annually.

5.4.2.7.3 The use of an automatic valve-proving system shall
not eliminate the annual leak test required in 5.4.2.7.2.

5.4.3 Alternate Fuel Firing.

5.4.3.1 Manual Fuel Selection. Where oil and gas are to be
burned alternately, a manual fuel selector switch shall be pro-
vided to permit operation of the necessary interlocks, fuel
safety shutoff valves, and controls for the fuel to be fired.

5.4.3.2 Automatic Fuel Selection.

5.4.3.2.1 Where oil and gas are to be burned alternately, an
automatic change from one fuel to the other shall be accom-
plished only after a shutdown.

5.4.3.2.2 Provisions for manual changeover of the system
shall be provided in accordance with 5.4.3.1 and Section 5.8.

5.4.3.2.3 For simultaneous firing of oil and gas fuels, Section 5.7
shall apply.

5.4.4 Fuel-Burning Equipment.
5.4.4.1% Ignition.

5.4.4.1.1 The main burner shall be equipped with a perma-
nently installed igniter.

5.4.4.1.1.1 Class 1 Igniter.

(A) Where a Class 1 igniter is used, the main burner flame
shall be proven by a flame detector.

(B) Either the main flame or the igniter flame shall be
proven.

5.4.4.1.1.2 Class 2 Igniter.

(A) Where a Class 2 igniter is used, it shall not be used to
ignite main fuel under uncontrolled or abnormal conditions.
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(B) The burner shall be operated under controlled condi-
tions to limit the potential for abnormal operation as well as to
limit the charge of fuel to the furnace in the event that igni-
tion does not occur during light-off.

(C) If the Class 2 igniter is not shut down once the main
flame sequence is successfully completed, then the main
burner flame shall be proven by a flame scanner indepen-
dently of the igniter.

5.4.4.1.1.3 Class 3 Igniter.

(A)* Where a Class 3 igniter is used, the igniter shall be shut
down as part of the burner light-off procedure when the time
trial for ignition of the main burner has expired.

(B) The use of such igniters to support ignition or to extend
the burner control range shall be prohibited.

(C) The main flame shall be proven by a flame scanner.

5.4.4.1.1.4 Class 3 Special Igniter. Where a Class 3 special ig-
niter is used, the main burner flame shall be proven by a flame
scanner.

5.4.4.1.2 The igniter flame or arc shall impinge on the main
burner airfuel mixture and shall supply ignition energy to
provide immediate ignition of all fuel discharge from the
main burner under light-off conditions.

5.4.4.1.3* Igniter Safety Shutoff Valves. Two safety shutoff
valves in series shall be provided in the fuel gas line to the
igniter, and an automatic vent valve shall be provided between
the two valves.

5.4.4.1.3.1 When a listed automatic valve-proving system is
used with two safety shutoff valves in series, the automatic vent
valve shall be permitted to be omitted.

5.4.4.1.3.2*% Where an automatic valve-proving system is in-
stalled, valve-proving shall be performed either after every
burner shutdown or prior to every burner light-off.

5.4.4.1.4 The igniter shall be designed for periodic removal,
cleaning, and maintenance.

5.4.4.2 Main Burner.

5.4.4.2.1 The main burner shall direct the fuel and air into
the furnace so as to provide a stable flame and efficient com-
bustion over its entire operating range.

5.4.4.2.2 The limits of stable flame for the burner shall be
determined by tests.

5.4.4.2.2.1 These tests shall be performed without the igniter
in service and shall include the intended range and grade of
fuel(s).

5.4.4.2.2.2% The tests shall verify that transients that are gen-
erated in the fuel and air systems do not adversely affect
burner operation.

5.4.4.2.3 Each manual adjustment feature on the burner
shall be provided with means for securing it in its intended
position.

5.4.4.2.4 The atomizing equipment for oil burners shall be
designed for periodic removal, cleaning, and maintenance.

5.4.4.2.5 Any procedure for clearing the atomizer and piping
into the furnace prior to shutdown shall be accomplished
while the fan is operating and the igniter is re-established or
the main flame is proven continuously during this operation.
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5.4.4.2.6 Clearing of the oil passages of the atomizer into the
furnace immediately after a shutdown shall be prohibited.

5.4.4.3 Atomizing Medium for Oil Burners.

5.4.4.3.1 Where the fuel is to be atomized with the assistance of
another medium, this atomizing medium shall be supplied free
of contaminants that could cause an interruption of service.

5.4.4.3.2 The atomizing medium shall be provided at the
pressure and temperature specified by the burner manufac-
turer.

5.4.4.3.3 Provisions shall be made to ensure that fuel cannot
enter the atomizing medium line during or after operation.

5.4.4.4 Combustion Air Supply.

5.4.4.4.1 The combustion air supply equipment shall be ca-
pable of supplying combustion air for the optimum air-fuel
ratio over the entire operating range of the burner.

5.4.4.4.2 Provisions shall be made for periodic cleaning of
the combustion air supply equipment.

5.4.4.4.3 The requirements for the availability of combustion
air shall be determined from NFPA 31 and NFPA 54.

5.4.4.4.3.1 Louvers and grilles shall be fixed in the open po-
sition or interlocked with the equipment so that they are
opened automatically or manually during equipment opera-
tion. The interlock shall be placed on the driven member.

5.4.4.4.3.2 Fans supplying air to the boiler room for combus-
tion shall be interlocked with the burner so that airflow is
proven during equipment operation.

5.4.4.5 Furnace. The furnace shall be designed to promote
main burner stability while minimizing zones that cannot be

purged.
5.4.4.6 Combustion Products Removal.

5.4.4.6.1% The outlet draft equipment shall be capable of remov-
ing combustion products without adversely affecting stable flame
conditions.

5.4.4.6.2 Where two or more boilers are connected to a com-
mon stack, each connection shall be equipped with a damper
system.

5.4.4.6.2.1 All boiler outlet dampers shall be equipped with
accessible operating and locking devices.

5.4.4.6.2.2 This equipment shall be compatible with the com-
bustion control system of the boiler.

5.4.4.6.2.3 Interlocks shall be provided to prevent firing
against a closed damper.

5.4.4.6.2.4 To prevent the interlock from being rendered
nonfunctional if the linkage becomes disconnected, one of
the following means shall be provided:

(1) Placing the interlock on the driven member
(2) Utilizing a furnace pressure switch
(8) Other approved means

5.4.4.6.2.5 Dampers shall not be required on the outlet of
boilers of a type in which maintenance operations are per-
formed from outside the boiler.

5.4.4.6.3% Permanently installed flue gas analyzers shall not
present an ignition source hazard to the flue gas stream being
sampled.
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5.4.5*% Combustion Control System.

5.4.5.1 The combustion control system shall be installed in
accordance with the requirements of 4.13.1.

5.4.5.2 The combustion control system shall maintain air-fuel
mixtures at pre-established ratios throughout the operating
range of the burner and during changes in the firing rate.

5.4.5.3* The system shall provide limits on fuel and air to pre-
vent furnace input from being reduced below the point of
stable burner operation.

5.4.5.4 The minimum and maximum points of stable burner
operation shall be defined by the burner manufacturer and
verified by operational tests.

5.4.6 Interlock System.

5.4.6.1 In addition to the requirements in Section 4.11, the
boiler control system for single burner boilers shall be permit-
ted to be combined with the burner management system un-
der one of the following conditions:

(1)*If the fuel-air ratio is controlled externally from the boiler
control system; or

(2) If the combined boiler control and burner management
system is specifically listed or labeled for the application;
or

(3)*A single safety-rated programmable logic system shall be
permitted to be used to implement both burner manage-
ment system safety and process logic where both of the
following conditions are met:

(a) The processor and input/output (I/O) modules are
approved or certified by a notified body according to
IEC 61508, Functional Safety of Electrical/Electronic/
Programmable Electronic Safety-Related Systems, to be at
least SIL 3 capable; and

(b) The burner management system logic is isolated
from other logic and boiler controls, and the related
data of the burner management system program, in-
cluding I/0O data, are protected from being uninten-
tionally affected by data of other user programs.

5.4.6.2 The system shall be equipped with a method of deter-
mining the operating state of each interlock without disassem-
bling any of the interlock devices.

5.4.6.3 Each interlock shall be provided with a method of
establishing the set point.

5.4.6.4 Interlock devices shall be designed for anticipated
environmental conditions, such as temperature, humidity, vi-
bration, and corrosive agents.

5.4.6.5 Bypass.

5.4.6.5.1 The design shall not require any deliberate defeat-
ing of an interlock to start or operate equipment.

5.4.6.5.2 Interlocks shall be permitted to be bypassed as al-
lowed by 5.5.3.2.1(4), and 5.5.3.3.1(4).

5.4.6.5.3 Interlock devices shall be permitted to be tempo-
rarily removed from service for maintenance or testing in ac-
cordance with the following:

(1) Removal of the interlock shall be authorized by a compe-
tent person and documented in accordance with operat-
ing procedures.

(2) Alternate means shall be substituted to supervise this inter-
lock function in accordance with operating procedures.
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5.4.6.5.4 The interlocks on the low water cutouts shall be
permitted to be bypassed during normal operation for blow-
down purposes only.

5.4.6.5.4.1 The bypass of 5.4.6.5.4 shall be of a type that is
temporarily held during blowdown.

5.4.6.6* Each safety control ac circuit shall be two wires, one
side grounded, and shall be protected with a suitable fuse or
circuit breaker in the hot side only.

5.4.6.7 Safety Control dc Circuits.

5.4.6.7.1 Safety control dc circuits shall be arranged as called
for in 5.4.6.6 where grounding is possible.

5.4.6.7.2 Where grounding is not possible and the circuit
voltage exceeds 50 volts, the circuit shall have switching con-
tacts in one side of the line and shall be provided with ground-
fault circuit interrupters.

5.4.7 Flame Safety Shutdown System.

5.4.7.1 The response time from flame failure to de-energization
of the safety shutoff valves shall not exceed 4 seconds.

5.4.7.2 The response time from de-energization of the safety
shutoff valves to full closure shall not exceed 1 second.

5.4.7.3 Where flame-sensing detectors can fail in the flame-
proven mode, self-checking features shall be provided unless
the burner is operated for periods less than 24 hours and the
burner management system includes a safe-start component
checking feature.

5.4.7.4 Asafestart component checking feature shall include
a circuit incorporated in the burner management system that
prevents light-off if the flame-sensing relay is in the flame-
present position due to component failure or due to the pres-
ence of actual or simulated flame.

5.4.8 Electrical Equipment.

5.4.8.1% All electrical equipment and wiring shall conform to
NFPA 70.

5.4.8.2 Special fuels or applications could require compo-
nents for hazardous location and shall be reviewed during the
design of the system.

5.4.9% Gas and Oil Firing: Special Problems. Systems installed
or designed to reduce NO, emissions shall be evaluated to
ensure that the performance of flame safety and combustion
control systems are not impaired.

5.5 Starting of a Cold Boiler.
5.5.1 General.

5.5.1.1 Starting of a cold boiler shall be accomplished in con-
formance with the manufacturer’s recommendations.

5.5.1.2 In no case shall a boiler that has been taken out of ser-
vice for maintenance, repair, or extended shutdown be started
from a cold condition without a trained operator present.

5.5.1.3 Start-Up Procedures.

5.5.1.3.1 Applicable start-up procedures for the provided
boiler shall be followed.

5.5.1.3.2 The firing rate shall be limited in accordance with
the boiler manufacturer’s instructions.

5.5.2 Gas-Fired Boilers. The procedures of Section 5.6 shall
be followed for starting a cold gas-fired boiler.
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5.5.3 Oil-Fired Burners. When steam is not available for heat-
ing oil, as an atomizing medium, or for driving auxiliary equip-
ment, one of the starting methods described in 5.5.3.1,5.5.3.2,
or 5.5.3.3 shall be used.

5.5.3.1 Auxiliary Air Atomizing of Oil. When auxiliary air at-
omizing of oil is used for a cold start-up, all the equipment,
facilities, and procedures listed in 5.5.3.1.1, 5.5.3.1.2, and
5.5.3.1.3 shall be required.

5.5.3.1.1 Required Equipment. The following equipment
shall be required:

(1) Forced draft (FD) fan

(2) Approved auxiliary oil heater for start-up fuel flow with a
capacity not less than that required for minimum fire with
stable flame (only for fuel oils that require heating)

(3) Check valves in steam and air lines to the atomizer

5.5.3.1.2% Required Facility. An alternate atomizing air supply
shall be required.

5.5.3.1.3 Starting Procedure. The following procedural steps
shall be followed:

(1) Circulate and heat oil, using auxiliary heater and recircu-
lating system, to satisfy all interlocks, where included.

(2) Follow the prefiring and light-off cycles as described in
Section 5.6, using air as the atomizing medium.

(3) Set combustion control at the light-off firing rate.

(4) When steam pressure has reached the point required for
heating and atomizing the oil, shut down in accordance
with the normal shutdown procedure described in Sec-
tion 5.6.

(5) Close the atomizing air supply and open the atomizing
steam supply, making certain that dry steam is available.

(6) Change over from auxiliary oil heater to steam oil heater.

(7) Continue the boiler start-up sequence.

5.5.3.2 Auxiliary Mechanical Atomizing of Heavy Oil. When
auxiliary mechanical atomizing of heavy oil is used for a cold
start-up, all the equipment, facilities, and procedures in
5.5.3.2.1 and 5.5.3.2.2 shall be required.

5.5.3.2.1 Required Equipment. The following equipment and
facilities shall be required:

(1) FD fan.

(2) Approved auxiliary oil heater for start-up fuel flow with a
capacity not less than that required for minimum fire with
stable flame.

(3) Mechanical atomizer.

(4) Means to bypass atomizing medium interlocks. The by-
passed interlocks shall be made evident to the operator by
means of warning devices.

5.5.3.2.2 Starting Procedure. The following procedural steps
shall be followed:

(1) Circulate and heat oil using auxiliary heater and recircu-
lating systems to satisfy oil interlocks, where included.

(2) Bypass atomizing medium interlocks. [See 5.5.3.2.1(4) .]

(8) Insert mechanical atomizer.

(4) Follow the prefiring and light-off cycles as described in
Section 5.6.

(5) Set combustion control at the light-off firing rate.

(6) When steam pressure has reached the point required for
heating and atomizing the oil, shut down in accordance
with the normal shutdown procedure as described in
Section 5.6.
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(7) Remove the mechanical atomizer.
(8) Insert the steam atomizer.
(9) Make the atomizing medium interlocks operable and place
into service.
(10) Change over from auxiliary oil heater to steam oil heater.
(11) Continue the boiler start-up sequence.

5.5.3.3 Auxiliary Mechanical Atomizing of Light (Unheated)
Oil. When auxiliary mechanical atomizing of light (unheated)
oil is used for a cold start-up, all the equipment, facilities, and
procedures in 5.5.3.3.1 through 5.5.3.3.3 shall be required.

5.5.3.3.1 Required Equipment. The following equipment shall
be required:

(1) FD fan.

(2) Mechanical atomizer.

(3) Check valves in the heavy and light oil lines.

(4) Means to bypass atomizing medium interlocks. The by-
passed interlocks shall be made evident to the operator by
means of warning devices.

5.5.3.3.2 Required Facility. Alight oil supply shall be required.

5.5.3.3.3 Starting Procedure. The following procedural steps
shall be followed:

(1) Shut off heavy oil to the system.

(2) Insert the mechanical atomizer.

(3) Bypass heavy oil and atomizing medium interlocks. [See
5.5.3.3.1(4).]

(4) Open the light oil supply into the system.

(5) Follow prefiring and light-off cycles described in Sec-
tion 5.6.

(6) Set combustion control at the light-off rate.

(7) When steam pressure has reached the point required for
heating and atomizing the heavy oil, shut down in accor-
dance with the normal shutdown procedure as described
in Section 5.6.

(8) Shut off the light oil supply to the system.

(9) Remove the mechanical atomizer.

(10) Insert the steam atomizer.

(11) Make the heavy oil and atomizing medium interlocks
operable by removing bypasses.

(12) Open the heavy oil supply to the system.

(13) Continue the boiler start-up sequence.

5.6 Operating Systems.

5.6.1% General. This section shall be used to define require-
ments for automatic recycling and automatic nonrecycling op-
erating systems.

5.6.1.1 Manual systems shall not be installed for new installa-
tions or major alterations.

5.6.1.2 Different arrangements shall be permitted if they
provide protection and meet the intent of this code. (See
Figure A.5.4.1, Figure A.5.4.2.3, and Figure A.5.4.4.1 for typical

arrangements. )
5.6.2 Automatic (Recycling) Systems for Watertube Boilers.

5.6.2.1 An automatic (i.e., recycling) unit shall not be started
from a cold condition unless a trained operator is present.

5.6.2.2 Underlying all the requirements of 5.6.2 shall be the
premise that the unit is hot and that steam pressure and oper-
ating water level shall have been established.

5.6.2.3 The fuel to be fired shall have been manually selected.
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5.6.2.4 The alternate fuel system shall be placed in a nonfir-
ing condition, and the manual burner valve (s) shall be closed.

5.6.2.5 An igniter as specified in 5.4.4.1.1 shall be provided.

5.6.2.6 An automatic (i.e., recycling) unit shall recycle on
high steam pressure, high water temperature, or low water
level (not determined by the auxiliary low water cutout) and
perform four major functions as given in 5.6.2.6.1 through
5.6.2.6.4.4.

5.6.2.6.1 Prefiring Cycle. The prefiring cycle shall accomplish
the following steps in the listed order, except that the order of
steps (5), (6), and (7) in the sequence shall be permitted to
vary:
(1) Prove the main fuel safety shutoff valves are closed.
(2) Prove no flame is present at the burner.
(3) Start the fan.
(4) Satisfy the fan interlock.
(5) Where an atomizing medium is used and if not already
on, admit medium to main burner.
(6) Where an atomizing medium is used, satisfy the atomiz-
ing medium interlocks.
(7) Satisfy fuel interlocks.
(8) Prove the purge airflow by satisfying one of the following
items:
(a) Air pressure and “open damper” interlocks for all
dampers in the flow path
(b) Airflow interlock
(9) Purge airflow must reach no less than 70 percent of the
airflow required at maximum continuous capacity of the
unit.

(10) The purge must be for at least eight air changes. Airflow
during the period of opening the damper and returning
it to light-off position is permitted to be included in com-
puting the time for eight air changes.

(11) Set controls to light-off position.

(12) Prove the dampers and fuel control valve are in light-off
position.

(13) If a flue gas recirculation system is supplied, then it shall
be purged per the manufacturer’s instructions.

5.6.2.6.2 Light-Off Cycle.

5.6.2.6.2.1 Class 3 Igniter. The light-off cycle for a burner with a
Class 3 igniter shall accomplish the following in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.

(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves; for a Class 3 special igniter, proof
of igniter operation is not required.

(a) If proven, admit fuel to main burner. For an oil
burner other than a return flow type, simultaneously
shut off oil-recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils
or 15 seconds for Nos. 5 and 6 oils, shut off igniter.

(4) Prove main flame (see 5.4.4.1.1.3 and 5.4.4.1.1.4) and pro-
ceed as follows:

(a) If proven, release to modulating control where pro-
vided.
(b) If not proven, establish safety shutdown.

5.6.2.6.2.2 Class 2 Igniter. The light-off cycle for a burner with a
Class 2 igniter shall accomplish the following in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.
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(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves and proceed as follows:

(a) If proven, admit fuel to the main burner. For an oil
burner other than a return flow type, simultaneously
shut off the recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils
or 15 seconds for Nos. 5 and 6 oils, prove the main flame (see
5.4.4.1.1.2) and proceed as follows:

(a) If proven, release to combustion control for modula-
tion, where provided.

(b) If not proven, establish safety shutdown.

5.6.2.6.2.3 Class 1 Igniter. The light-off cycle for a burner with
a Class 1 igniter shall accomplish the following in the listed
order:

(1)*Energize the ignition transformer and igniter fuel valves.

(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves and proceed as follows:

(a) If proven, admit fuel to the main burner. For an oil
burner other than a return flow type, simultaneously
shut off recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils
or 15 seconds for Nos. 5 and 6 oils, prove the main flame (see
5.4.4.1.1.1) and proceed as follows:

(a) If proven, release to combustion control for modula-
tion, where provided.

(b) If not proven, establish safety shutdown.

5.6.2.6.3 Modulation. Modulation, where provided, shall be
accomplished by a combustion control system.

5.6.2.6.4 Shutdown.

5.6.2.6.4.1 Normal Shutdown. For automatic (i.e., recycling)
boilers, high steam pressure, high water temperature, or low
water level (not determined by the auxiliary low water cutout)
shall accomplish a normal shutdown, and the burner shall be
allowed to recycle when steam pressure, water temperature, or
water level has returned to within the preset operating range.

5.6.2.6.4.2 Normal Shutdown Cycle. The normal shutdown
cycle shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.
(2) For oil, proceed as follows:

(a) If a Class 1 igniter is used, use the manufacturer’s
instructions to purge the main burner oil gun prior to
continuing the normal shutdown.

(b) Where used, open the recirculating valve.

(c) Shut off atomizing medium, if required by operating
procedures.

(3) Shut off the fuel supply to the igniter if in operation.

(4) Perform a postpurge of the furnace and boiler gas passes;
the duration of the postpurge must be no less than 15 sec-
onds at an airflow rate not exceeding that at which the
unit was shut down.

(5) Shut down the fan, if required by operating procedures.

5.6.2.6.4.3* Safety Shutdown. Any of the conditions in
5.6.2.6.4.3(A) or 5.6.2.6.4.3(B) shall accomplish a safety shut-
down, and the burner shall not be allowed to recycle until a
trained operator determines the cause of the shutdown and
takes the necessary corrective action to ensure that conditions
are within specified operating limits prior to restarting.
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(A) Oil conditions shall include the following:

(1) Low fuel pressure

(2) Low temperature of heated oils

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water
cutout

(8) Loss of atomizing medium, where used, as interlocked
by flow or two pressure switches (one located at the ser-
vice connection and the other at the burner, either one
of which shall initiate a safety shutdown on low pressure)

(9) Excessive steam pressure or water temperature

(10) High temperature of heated oil

(B) Gas conditions shall include the following:

(1) High gas pressure

(2) Low gas pressure

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water
cutout

(8) Excessive steam pressure or water temperature

5.6.2.6.4.4 Safety Shutdown Cycle. The safety shutdown cycle
shall accomplish the following in the listed order and shall
activate an alarm:

(1) Shut off the fuel supply to the main burner.

(2) Shut off the fuel supply and interrupt spark to the igniter
if in operation.

(3) For oil, proceed as follows:
(a) Where used, open the recirculating valve.
(b) Where used, shut off the atomizing medium, if re-

quired by operating procedures.

(4) Where the inerting system is used, energize it simulta-
neously with 5.6.2.6.4.4(1).

(5) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(6) After postpurge, shut down the fan, if desired.

(7) Require manual reset.

5.6.3 Automatic (Nonrecycling) Systems for Watertube Boilers.

5.6.3.1 The provisions of 5.6.2.1, 5.6.2.3, 5.6.2.5, and 5.6.2.6
shall apply.

5.6.3.2 The provisions of 5.6.2.6.4.1 shall not apply.

5.6.3.3 When high steam pressure, high water temperature,
or low water level establishes a normal shutdown, the burner
shall not be allowed to recycle.

5.6.3.4 A trained operator shall initiate the restart.
5.6.4 Automatic (Recycling) Systems for Firetube Boilers.

5.6.4.1 Underlying all the requirements of 5.6.4 shall be the
premise that the equipment is in accordance with Section 5.4,
that the boiler has been placed in service in accordance with
Section 5.6, and that the operating water level has been estab-
lished.

Documents

. )
2015 Edition nrex
Document%h

aring Hub


http://www.avadocuments.com/doc/nfpa-85-2015
http://www.avadocuments.com/doc/nfpa-85-2015

85-32 BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

5.6.4.2 An automatic (i.e., recycling) unit shall recycle on
high steam pressure, high water temperature, or low water
level (not determined by the auxiliary low water cutout) and
perform four major functions as given in 5.6.4.2.1 through
5.6.4.2.4.4(B).

5.6.4.2.1 Prefiring Cycle. The prefiring cycle shall accomplish
the following steps in the listed order, except that the order of
steps 5.6.4.2.1(5), 5.6.4.2.1(6), and 5.6.4.2.1(7) in the se-
quence shall be permitted to vary:

(1) Prove the fuel safety shutoff valves are closed.

(2) Prove no flame is present at burner.

(3) Start the fan.

(4) Satisfy the fan interlock.

(5) Where an atomizing medium is used and if not already
on, admit the medium to the main burner.

(6) Where an atomizing medium is used, satisfy the atomiz-
ing medium interlocks.

(7) Satisfy the fuel interlocks.

(8) Prove purge airflow by satisfying one of the following
two items:

(a) Air pressure and “open damper” interlocks for all
dampers in the flow path

(b) Airflow interlock

(9) Purge airflow must reach no less than 70 percent of the
airflow required at maximum continuous capacity of the
unit.

(10) The purge of the furnace and boiler gas passes must be
for at least four air changes and under the following con-
ditions:

(a) During the purge, the air damper must be driven to
the full open position.

(b) Airflow during the time to open the damper and
return it to light-off position is permitted to be in-
cluded in computing the time for four air changes.

(11) Prove the control system is in light-off position.

(12) Ifa flue gas recirculation system is supplied, then it shall
be purged per the manufacturer’s instructions.

5.6.4.2.2 Light-Off Cycle. The light-off cycle shall accomplish
the following in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.
(2) Prove the igniter flame within 10 seconds of the energiza-
tion of the igniter fuel valves and proceed as follows (for a
Class 3 special igniter, proof of igniter operation is not
required):
(a) If proven, admit fuel to main burner.
(b) If not proven, establish safety shutdown.
(3) After a maximum of 10 seconds for gas and Nos. 2 and 4
oils or 15 seconds for Nos. 5 and 6 oils, shut off the igniter.
(4) Prove the main flame and proceed as follows:
(a) If proven, release to modulating control where pro-
vided.
(b) If not proven, establish safety shutdown.

5.6.4.2.3 Modulation. Modulation, where provided, shall be
accomplished by a combustion control system.

5.6.4.2.4 Shutdown.

5.6.4.2.4.1 Normal Shutdown Cycle. The normal shutdown
cycle shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.
(2) For oil, proceed as follows:
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(a) Where used, open the recirculating valve.

(b) Where the manufacturer’s instructions permit, purg-
ing the main burner oil gun in conjunction with the
operation of its igniter is permitted.

(c) Where used, shut off the atomizing medium, if re-
quired by operating procedures.

(3) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(4) After postpurge, shut down the fan, if required by operat-
ing procedures.

5.6.4.2.4.2 Normal Shutdown. High steam pressure, high wa-
ter temperature, or low water (not determined by the auxiliary
low water cutoff) shall accomplish a normal shutdown, and
the burner shall be allowed to recycle when steam pressure,
water temperature, or water level has returned to within the
preset operating range.

5.6.4.2.4.3 Safety Shutdown Cycle. The safety shutdown cycle
shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.
(2) Shut off the fuel supply and interrupt the spark to the
igniter, if in operation.
(3) For oil, proceed as follows:
(a) Where used, open the recirculating valve.
(b) Where used, shut off the atomizing medium, if re-
quired by operating procedures.

(4) Where the inerting system is used, energize it simulta-
neously with 5.6.4.2.4.3(1).

(5) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(6) After postpurge, shut down the fan, if required by operat-
ing procedures.

(7) Require manual reset.

5.6.4.2.4.4*% Safety Shutdown. Any of the conditions in
5.6.4.2.4.4(A) or 5.6.4.2.4.4(B) shall accomplish a safety shut-
down, and the burner shall not be allowed to recycle until a
trained operator determines the cause of the shutdown and
takes the necessary corrective action to ensure that conditions
are within specified operating limits prior to restarting.

(A) Oil conditions shall include the following:

(1) Low oil pressure
(2) Low temperature of heated oils
(3) Loss of combustion air supply
(4) Loss of or failure to establish flame
(5) Loss of control system actuating energy
(6) Low water level as determined by the auxiliary low water
cutout
(7) Loss of atomizing medium where used
(8) Excessive steam pressure or water temperature
(9) Power failure
(10) High temperature of heated oil

(B) Gas conditions shall include the following:

(1) High gas pressure

(2) Low gas pressure

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy
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(6) Low water level as determined by the auxiliary low water
cutout

(7) Excessive steam pressure or water temperature

(8) Power failure

5.6.5 Automatic (Nonrecycling) Systems for Firetube Boilers.

5.6.5.1 The provisions of 5.6.4.1 and 5.6.4.2 shall apply, except
that 5.6.4.2.4.2 shall not apply.

5.6.5.2 When high steam pressure, high water temperature,
or low water level establishes a normal shutdown, the burner
shall not be allowed to recycle.

5.6.5.3 A trained operator shall initiate the restart.

5.6.6 Manual Supervised Burner Management Systems for
Oil-Fired Watertube Boilers.

5.6.6.1 For oilfired watertube boilers, the steps listed in
Table 5.6.6.1(a) through Table 5.6.6.1(d) shall be taken by a
trained operator when starting a manual supervised unit, and
the indicated interlocks shall be satisfied at each step.

5.6.6.1.1 Fuel pressure and temperature, atomizing medium,
control system energy, power, and water level shall have been
established.

5.6.6.1.2 When interlocks have been satisfied, this fact shall
be indicated to the operator.

5.6.6.2 The fuel to be fired shall be selected.

5.6.6.2.1 The alternate fuel system shall be placed in a non-
firing condition.

5.6.6.2.2 The supervisory or safety shutoff valve(s) shall be
closed.

5.6.6.3 An igniter as specified in 5.4.4.1.1 shall be provided.

5.6.6.4* Any of the following conditions shall accomplish a
safety shutdown, and the burner shall not be restarted until a
trained operator goes out to the boiler, determines the cause
of the shutdown, and takes the necessary corrective action to
ensure that conditions are within specified operating limits
prior to restarting:

(1) Low pressure in the fuel supply

(2) Loss of combustion air supply

(8) Loss or failure to establish flame

(4) Loss of control system actuating energy

(5) Power failure

(6) Low water level as determined by the auxiliary low water
cutout

(7) Loss of atomizing medium

(8) Excessive steam pressure or water temperature

5.6.6.5 Where oil heating is provided, either of the following
conditions shall cause alarms to sound:

(1) Low oil temperature
(2) High oil temperature

5.6.7 Manual Supervised Burner Management Systems for
Gas-Fired Watertube Boilers.

5.6.7.1 For gasfired watertube boilers, the steps listed in
Table 5.6.7.1(a) through Table 5.6.7.1(d) shall be taken by a
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trained operator when starting a manual supervised unit, and
the indicated interlocks shall be satisfied at each step.

5.6.7.1.1 Control system energy, power, and water level shall
have been established.

5.6.7.1.2 When interlocks have been satisfied, this fact shall
be indicated to the operator.

5.6.7.2 The fuel to be fired shall be selected.

5.6.7.2.1 The alternate fuel system shall be placed in a non-
firing condition.

5.6.7.2.2 The supervisory or safety shutoff valve(s) shall be
closed.

5.6.7.3 An igniter as specified in 5.4.4.1.1 shall be provided.

5.6.7.4 Any of the following conditions shall accomplish a
safety shutdown, and the burner shall not be restarted until a
trained operator goes out to the boiler, determines the cause
of the shutdown, and takes the necessary corrective action to
ensure that conditions are within specified operating limits
prior to restarting:

(1) High gas pressure

(2) Low gas pressure

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control systems actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water
cutout

(8) Excessive steam pressure or water temperature

5.6.8 Soot Blowing. Where soot blowers are used, the follow-
ing shall apply:

(1) Soot blowing at nonoptimum airfuel ratios has been
known to lead to explosive formations of air-soot clouds
within the boiler and shall be avoided.

(2) Soot blowers shall be operated only while burners are fir-
ing at rates such that the burner flame cannot be extin-
guished.

(3) Boilers that are equipped with automatic soot-blowing
equipment shall have their controls interlocked to pre-
vent operation when the burner is shut down or in the
prefiring or light-off cycles.

5.7 Simultaneous Firing of Oil and Gas Fuels.

5.7.1* General. The equipment and procedures required in
5.7.1.1 through 5.7.1.3 shall be used to avoid a hazardous fur-
nace condition when firing oil and gas simultaneously in a
single burner boiler on a continuous basis.

5.7.1.1 Class 1 or Class 2 igniters shall be used during the
light-off of the second fuel as required by the manufacturer or
as established by test.

5.7.1.2 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.6 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.7.1.3 The initial prefiring cycle, light-off cycle, and normal
shutdown cycles for the initial fuel to be fired and for single fuel
operation shall be completed in accordance with Section 5.6.

Documents

. )
2015 Edition nrex
Document%h

aring Hub


http://www.avadocuments.com/doc/nfpa-85-2015
http://www.avadocuments.com/doc/nfpa-85-2015

85-34 BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

Table 5.6.6.1(a) Oil-Fired Watertube Boilers: Prefiring Cycle

Operator Actions”

Interlock Functions

(1) Check that fuel safety or supervisory
shutoff valve is closed.

(1) Fuel safety or supervisory shutoff valve is
closed.

(2) Start fan.

(2) Fan is on.

(3) Where used, open atomizing medium
valve.

(3) Atomizing medium supply is available.

(4) Open damper(s) to purge position.

(4) (a) Air pressure and open damper(s) or (b)
airflow. [See 5.6.2.6.1(9) and 5.6.2.6.1(10).]

(5) Start purge timer.

(5) Purge is complete.

(6) Place damper and fuel control valve in
light-off position.

(6) Damper and fuel control valve are in light-off
position. If light-off airflow is less than purge
airflow rate, start light-off time limit timer.

(7) None.

(7) Spark, igniter, and main safety shutoff valves
are ready for operation.

“In listed order.

Table 5.6.6.1(b) Oil-Fired Watertube Boilers: Light-Off Cycle

Operator Actions”

Interlock Functions

(1) Energize ignition transformer and
igniter safety shutoff valves.

(1) Prove igniter flame within 10 seconds of
energization of igniter fuel valves. (For Class 3
special igniter, proof of igniter operation is not

required.)
(2) Open fuel safety shutoff valve to main (2) None.
burner.
(8) Close recirculating valve, where used. (3) None.

(4) Open manual fuel shutoff valve.

(4) Prove main flame within 10 seconds for Nos. 2
and 4 oils or 15 seconds for Nos. 5 and 6 oils.
Close igniter safety shutoff valve (s).

(5) Bring unit to present operating pressure | (5) None.
at rate specified by manufacturer,
maintaining air-fuel ratios as established
by tests.

(6) On reaching preset pressure range, (6) None.

change to automatic combustion
control.

“In listed order.
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Table 5.6.6.1(c) Oil-Fired Watertube Boilers: Normal Shutdown Cycle

Operator Actions” Interlock Functions

(1) Shut off fuel supply to main burner. (1) Fuel safety shutoff valve(s) to main burner
is closed.

(2) Open fuel recirculating valve, where used. | (2) None.

(3) Shut off atomizing medium, where used. (3) None.

(4) Remove fuel atomizer. (4) None.

(5) Perform postpurge of furnace and boiler gas | (5) None.
passes. Duration of postpurge must be no
less than 15 seconds at airflow rate not
exceeding that at which unit was shut down.

(6) After postpurge, fan can be permitted to be | (6) None.
shut down.

"In listed order.

Table 5.6.6.1(d) Oil-Fired Watertube Boilers: Safety Shutdown Cycle

Operator Actions” Interlock Functions

(1) None. (1) Shut off fuel supply to main burner; shut
off fuel supply and interrupt spark to
igniter, if in operation.

(2) Perform postpurge of furnace and boiler gas | (2) None.
passes. Duration of postpurge must be no
less than 15 seconds at airflow rate not
exceeding that at which unit was shut down.

(8) After postpurge, fan can be permitted to be | (3) None.
shut down.

“In listed order.

Table 5.6.7.1(a) Gas-Fired Watertube Boilers: Prefiring Cycle

Operator Actions” Interlock Functions
(1) Check that gas safety shutoff valves are (1) Gas safety shutoff valves are closed.
closed.
(2) Start fan. (2) Fan motor is on.
(3) Open damper(s) to purge position. (3) (a) Air pressure and open damper(s) or (b)
airflow. [See 5.6.2.6.1(9) and 5.6.2.6.1(10).]
(4) Start purge timer. (4) Purge is complete.
(5) Place damper and gas control valve in (5) Damper and fuel control valve are in
light-off position. light-off position. If light-off airflow is less
than purge airflow rate, start light-off time
limit timer.
(6) None. (6) Spark and igniter and main safety shutoff
valves are ready for operation.

“In listed order.
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Table 5.6.7.1(b) Gas-Fired Watertube Boilers: Light-Off Cycle

Operator Actions”

Interlock Functions

(1) Energize ignition transformer and igniter
safety shutoff valve (s).

(1) Prove igniter flame within 10 seconds of
the energization of igniter fuel valves. (For
Class 3 special igniter, proof of igniter
operation is not required.)

(2) Open gas safety shutoff valves to main

(2) Prove main flame is within 10 seconds.

burner. Close igniter safety shutoff valve (s).
(3) Bring unit to preset operating pressure at | (3) None.

rate specified by manufacturer,

maintaining air-fuel ratios as established

by tests.
(4) On reaching preset range, change to (4) None.

automatic combustion control.

“In listed order.

Table 5.6.7.1(c) Gas-Fired Watertube Boilers: Normal Shutdown Cycle

Operator Actions”

Interlock Functions

(1) Shut off gas supply to main burner and to
igniter, if in operation, and interrupt
spark.

(1) None.

(2) Perform postpurge of furnace and boiler
gas passes. Duration of postpurge must be
no less than 15 seconds at airflow rate not
exceeding that at which unit was shut
down.

(2) None.

(3) After postpurge, fan can be permitted to
be shut down.

(3) None.

“In listed order.

Table 5.6.7.1(d) Gas-Fired Watertube Boilers: Safety Shutdown Cycle

Operator Actions”

Interlock Functions

(1) None.

(1) Shut off gas supply to main burner, shut
off fuel supply, and interrupt spark to
igniter, if in operation. Where used,
simultaneously energize inerting system.

(2) Perform postpurge of furnace and boiler
gas passes. Duration of postpurge must be
no less than 15 seconds at an airflow rate
not exceeding that at which unit was shut
down.

(2) None.

(8) After postpurge, fan can be permitted to
be shut down.

(3) None.

“In listed order.
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5.7.2 Equipment Requirements. The following equipment
shall be provided for continuous firing of both oil and gas:

(1) Aburner that is capable of burning either oil or gas fuel
individually or both fuels simultaneously

(2) A combustion control system that is capable of perform-
ing the following functions:

(a) Metering and totaling the inputs from both gas and
oil fuels alone or in any combination

(b) Proportioning the total fuel input of each fuel indi-
vidually or in any combination to total airflow in or-
der to maintain the air-fuel ratio within design limits

(c) Limiting fuel demand to be less than measured air-
flow and limiting air demand to be greater than mea-
sured fuel flow

(d) For items 5.7.2(2) (a) through 5.7.2(2) (c), a control
system that is designed to accommodate a fixed
amount of secondary fuel without metering and total-
ing all fuels shall be permitted, provided the system
maintains air-fuel ratios within design limits through-
out the entire operating range of the burner

(e) Limiting total fuel input to the maximum capacity of
the boiler

(f) Controlling and maintaining a minimum airflow rate
that takes into account simultaneous fuel inputs

(g) Controlling and maintaining minimum input rates of
each fuel

(h) Requiring a stable return to design air-fuel ratio after
the trip or shutdown of either fuel

(3) Asafety interlock system with the following capabilities:

(a) Meets the requirements of 5.4.6 for each fuel being
fired

(b) Requires, on an interlock action specific to only one
of the fuels being fired, that this particular fuel auto-
matically shut down with operation continuing on
the unaffected fuel in a stable manner; shutdown of
both fuels permitted

(c) Requires that both the first and second fuels be intro-
duced with their flow control valves in light-off posi-
tions

(d) Provides for the introduction of the second fuel with-
out requiring a boiler purge

(e) Requires a manual reset following any interlock shut-
down

(f) Prohibits the simultaneous light-off of both fuels

(g) Requires flame detector(s) in accordance with 5.4.4
to supervise any of the following conditions:

i. Igniter flame as permitted by igniter class
ii. Gas firing
iii. Oil firing
iv. Combined gas and oil firing

=

(h) Burner flame detectors permitted to supervise mul-
tiple fuels

5.7.3 Simultaneous Firing of Oil and Gas Fuels (Automated
Second Fuel Start). This subsection shall define the require-
ments and procedures for an automated light-off and subse-
quent operation on a continuous basis of a second fuel.

5.7.3.1 Equipment Requirements. Equipment requirements
shall be in accordance with 5.7.2 and 5.7.3.2.

5.7.3.2 A fuel transfer mode with the following functions
shall be provided:

(1) A gasfiring mode in which oil cannot be fired
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(2) An oilfiring mode in which gas cannot be fired

(3) A gas-oilfiring mode that permits simultaneous firing of
both fuels

(4) The capability to signal the combustion control system to
bias up the airflow, to position the control valve for the
second fuel to light-off, and to open the safety shutoff
valve (s) of the fuel being introduced

(5) The capability to bias up the airflow by a preset value in
response to a fuel transfer signal while the airflow remains
in automatic mode

5.7.3.3 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the light-off cycle for the oil shall
accomplish the following in the listed order:

(1) Place fuel gas flow and airflow control loops in automatic
mode.

(2) Satisfy oil fuel system interlocks.

(3) Install oil atomizer.

(4) Open atomizing medium shutoff valve.

(5) Select dual fuel firing.

(6) Set oil control valve in light-off position.

(7) Prove fuel oil control valve in light-off position.

(8) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(9) Establish ignition energy in accordance with manufactur-
er’s instructions. Where an igniter is required, see 5.6.2.6.2,
5.6.2.6.2.2, or 5.6.2.6.2.3 for operating requirements.

(10) Open oil safety shutoff valves and establish oil flow
through the burner.

(11) Gradually remove airflow bias.

(12) Verify stable flame and that the air-fuel ratio is within
design limits.

(13) Place the combustion control system into the required
mode for controlling input rate of each fuel.

(14) Shut down igniter as required.

5.7.3.4 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the light-off cycle for the gas shall
accomplish the following in the listed order:

(1) Place fuel oil flow and airflow control loops in automatic
mode.

(2) Satisfy gas fuel system interlocks.

(3) Select dual fuel firing.

(4) Set gas control valve in light-off position.

(5) Prove fuel gas control valve in light-off position.

(6) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel gas in light-off.

(7) Establish ignition energy in accordance with manufactur-
er’s instructions. Where an igniter is required, see 5.6.2.6.2,
5.6.2.6.2.2, or 5.6.2.6.2.3 for operating requirements.

(8) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(9) Gradually remove airflow bias.

(10) Verify stable flame and that the air-fuel ratio is within
design limits.

(11) Place the combustion control system into the required
mode for controlling input rate of each fuel.

(12) Shut down igniter as required.

5.7.4 Simultaneous Firing of Oil and Gas Fuels (Manual
Second-Fuel Start). This subsection shall define the require-
ments and procedures required for the manual light-off and
subsequent operation on a continuous basis of a second fuel.
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5.7.4.1 Equipment Requirements. Equipment requirements
shall be in accordance with 5.7.2 and 5.7.4.2.

5.7.4.2 The combustion control system shall have the capabil-
ity to manually bias up the airflow while the airflow remains in
automatic mode.

5.7.4.2.1 Either the oxygen trim or airflow control station
shall be permitted to be used.

5.7.4.3 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the light-off cycle for the oil shall
accomplish the following in the order listed:

(1) Verify that fuel gas flow and airflow control loops are in
automatic mode.

(2) Satisfy oil fuel system interlocks.

(3) Install oil atomizer.

(4) Open atomizing medium shutoff valve.

(5) Place oil control valve in light-off position.

(6) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(7) Establish ignition energy in accordance with manufactur-
er’sinstructions. Where an igniter is required, see 5.6.2.6.2,
5.6.2.6.2.2, or 5.6.2.6.2.3 for operating requirements.

(8) Open oil safety shutoff valves and establish oil flow through
the burner.

(9) Gradually remove airflow bias.

(10) Verify stable flame and that the air-fuel ratio is within
design limits.

(11) Place the combustion control system into the required
mode for controlling the input rate of each fuel.

(12) Shut down igniter as required.

5.7.4.4 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the procedure shall be in the follow-
ing order:

(1) Verify that fuel oil flow and airflow control are in the
automatic mode.

(2) Satisfy gas fuel system interlocks.

(3) Place the gas control valve in light-off position.

(4) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(5) Establish ignition energy in accordance with manufactur-
er’sinstructions. Where an igniter is required, see 5.6.2.6.2,
5.6.2.6.2.2, or 5.6.2.6.2.3 for operating requirements.

(6) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(7) Gradually remove airflow bias.

(8) Verify stable flame and that the air-fuel ratio is within
design limits.

(9) Place the combustion control system into the required
mode for controlling input rate of each fuel.

(10) Shut down igniter as required.

5.7.5 Shutdown Cycle.

5.7.5.1 Normal Oil Shutdown Cycle. The normal shutdown
procedure for oil while continuing to fire gas shall be in the
following order:

(1) Reduce the oil flow to the light-off rate.

(2) Shut off the oil supply to the burner and open the oil
recirculating valve, where used.

(8) Verify stable flame and adjust air-fuel ratio in preparation
for purging the oil atomizer.
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(4) Purge oil passages of the oil atomizer.

(5) Shut off the atomizing medium, if required.

(6) Remove the oil atomizer from the burner, if required.

(7) Verify stable flame and that the air-fuel ratio of the gas fire
is within design limits.

5.7.5.2 Normal Gas Shutdown Cycle. The normal shutdown
procedure for gas while continuing to fire oil shall be in the
following order:

(1) Reduce the gas flow to the light-off rate.

(2) Shut off the gas supply to the burner.

(3) Verity stable flame and that the air-fuel ratio of the oil fire
is within design limits.

5.7.5.3* Oil Safety Shutdowns.

5.7.5.3.1 Any of the following operating conditions shall ac-
complish a safety shutdown of the oil supply to the burner
(i.e., fuel trip):

(1) Low fuel pressure

(2) Low temperature of heated oils

(3) Loss of atomizing medium, where used, as interlocked by
flow or two pressure switches, one located at the service
connection and the other at the burner, either one of
which shall initiate a safety shutdown on low pressure

(4) High temperature of heated oil

5.7.5.3.2 A complete boiler safety shutdown shall occur if oil
is the only fuel being fired.

5.7.5.4 Gas Safety Shutdowns.

5.7.5.4.1 Either of the following conditions shall accomplish a
safety shutdown of the gas supply to the burner (i.e., fuel trip):

(1) High gas pressure
(2) Low gas pressure

5.7.5.4.2 A complete boiler safety shutdown shall occur if gas
is the only fuel being fired.

5.7.5.5 Boiler Safety Shutdowns. Any of the following condi-
tions shall accomplish a complete safety shutdown of the boiler:

(1) Loss of combustion air supply

(2) Loss of or failure to establish flame

(3) Loss of control system actuating energy

(4) Power failure

(5) Excessive steam pressure or water temperature

(6) Low water level as determined by the auxiliary low water
cutout

(7) The occurrence of either an oil or a gas fuel trip when
only that fuel is being fired

5.8 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only.

5.8.1%¥ General. The equipment and procedures of 5.8.1.1
through 5.8.1.4 shall be used to avoid a hazardous furnace
condition when operation of the boiler is transferred from
fuel oil to fuel gas or from fuel gas to fuel oil without requiring
a shutdown of the boiler.

5.8.1.1 Simultaneous Firing for Fuel Transfer on a Continu-
ous Basis. When the combustion control system and the
burner management system are both designed for fuel trans-
fer and simultaneous firing of oil and gas fuels on a continu-
ous basis, the requirements of Section 5.7 shall apply.

5.8.1.2 Class 1 or Class 2 igniters shall be used during the fuel
transfer as required by the manufacturer or established by test.
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5.8.1.3 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.6 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.8.1.4 The initial prefiring cycle, light-off cycle, and normal
shutdown cycles for the initial fuel to be fired and for single fuel
operation shall be completed in accordance with Section 5.6.

5.8.2 Required Equipment. The following equipment shall be
required:

(1) A burner that is capable of firing the two fuels simulta-
neously during the transfer period

(2) A combustion control system that is capable of perform-
ing the following functions:

(a) Proportioning fuel flow for each fuel individually

(b) Limiting total fuel input to the maximum capacity of
the boiler

(c) Controlling a minimum airflow rate

(d) Controlling minimum input rates of each fuel

(e) Providing a stable return to design air-fuel ratio after
the trip or shutdown of either fuel

(3) Afuel transfer mode that includes the following:

(a) A gasfiring mode in which oil cannot be fired

(b) An oil-firing mode in which gas cannot be fired

(c) Agas-oiliring mode that permits simultaneous firing of
both fuels, provided all interlocks for both fuels are sat-
isfied, including light-off position for both fuel valves

(d) A control device, transfer timer, and an alarm for
5.8.2(3) (c), to limit continuous operation in this mode

(4) Asafety interlock system with the following capabilities:

(a) Meets the requirements of 5.4.6 for each fuel being
fired

(b) Provides an independent interlock to each fuel being
fired that automatically shuts down the affected fuel
with operation continuing on the unaffected fuel in a
stable manner; shutdown of both fuels is permitted

(¢) Provides that both the first and second fuels be intro-
duced with their flow control valves in light-off positions

(d) Provides an interlock action that will trip either fuel
should its respective flow control valve leave a prede-
termined setting during fuel transfer

(e) Provides for the introduction of the second fuel with-
out requiring a boiler purge

(f) Requires a manual reset following any interlock shut-
down

(g) Prohibits the simultaneous light-off of both fuels

(h) Provides detector(s) to supervise any of the following
conditions:

i. Igniter flame as permitted by igniter class

i. Gas firing

i. Oil firing

v. Combined gas and oil firing

=

i

—-

(i) Burner flame detectors shall be permitted to super-
vise multiple fuels.

5.8.3 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only (Automated Transfer). This subsection shall define the
requirements and procedures to be used for an automated
transfer of operation from one fuel to a second fuel without
requiring a shutdown of the burner.

5.8.3.1 Required Equipment. Equipment requirements shall
be in accordance with 5.8.2 and 5.8.3.1.1 through 5.8.5.1.3.
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5.8.3.1.1 The combustion control system shall have the capa-
bility to automatically increase the airflow by a preset value in
response to a fuel transfer signal.

5.8.3.1.2 The airflow shall be held in a fixed position for the
transfer period.

5.8.3.1.3 The fuel transfer mode shall have the capability to
signal the combustion control system to increase airflow and
open the safety shutoff valve (s) of the fuel being introduced.

5.8.3.2 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the transfer cycle from gas to oil
shall be in the following order:

(1) Satisfy oil fuel system interlocks.

(2) Install an oil atomizer.

(3) Open the atomizing medium shutoff valve.

(4) Select dual fuel firing.

(5) Set the gas-firing rate to light-off flow.

(6) Set the oil control valve in the light-off position.

(7) Prove fuel gas and fuel oil control valves are in light-off
position.

(8) Gradually increase airflow by a preset amount corre-
sponding to fuel input of fuel oil in light-off.

(9) Establish ignition energy in accordance with the manu-
facturer’s instructions. Where an igniter is required, see
5.6.2.6.2.2 or 5.6.2.6.2.3 for operating requirements.

(10) Open the oil safety shutoff valves and establish oil flow to
the burner.

(11) Verify stable flame and that the air-fuel ratio is within
design limits.

(12) Select the oil firing mode, which automatically trips the
gas safety shutoff valves.

(13) Gradually remove airflow increase.

(14) Return the combustion control system and burner firing
rate to automatic operation.

(15) Shut down igniter as required.

5.8.3.3 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the transfer cycle from oil to gas
shall be in the following order:

(1) Establish the gas fuel system to satisfy interlocks.

(2) Select the dual fuel firing mode.

(3) Set the oilfiring rate to light-off flow.

(4) Set the gas control valve to the light-off position.

(5) Prove fuel gas and fuel oil control valves are in light-off
position.

(6) Increase airflow by a preset amount corresponding to
fuel input of fuel gas in light-off.

(7) Establish ignition energy in accordance with the manu-
facturer’s instructions. Where an igniter is required, see
5.6.2.6.2.2 or 5.6.2.6.2.3 for operating requirements.

(8) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(9) Verify stable flame and that the air-fuel ratio is within
design limits.

(10) Select the gas-firing mode, which automatically trips the
oil safety shutoff valves.

(11) Gradually remove airflow increase.

(12) Return the combustion control system and burner-firing
rate to automatic operation.

(13) Purge the oil gun into furnace, if required.

(14) Close atomizing medium shutoff valve, if required.

(15) Remove oil atomizer, if required.

(16) Shut down igniter as required.
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5.8.4 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only (Manual Transfer). This subsection shall define the re-
quirements and procedures to be used for a manual transfer
of operation from one fuel to a second fuel without requiring
a shutdown of the burner.

5.8.4.1 Required Equipment. Equipment requirements shall
be in accordance with 5.8.2 and 5.8.4.1.1 through 5.8.4.1.3.

5.8.4.1.1 The combustion control system shall have the capa-
bility to manually adjust the airflow.

5.8.4.1.2 Manual shutoff valves shall be provided at the
burner, downstream of the safety shutoff valves for each fuel.

5.8.4.1.3 A pressure gauge shall be provided in each fuel line
downstream of the manual shutoff valve.

5.8.4.2 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the procedure to transfer from gas
to oil shall be as follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instruc-
tions as required.

(2) Confirm that the manual oil valve at the burner is closed.

(3) Satisfy oil fuel system interlocks.

(4) Install an oil atomizer.

(5) Open the atomizing medium shutoff valve.

(6) Place the combustion control system in manual mode.

(7) Reduce the gas-iring rate to light-off flow.

(8) Place the oil control valve in the light-off position.

(9) Place the fuel transfer in o0il/gas mode, with the follow-
ing results:

(a) When the oil safety interlocks are satisfied, the oil
safety shutoff valves open.

(b) Fuel oil pressure now will be upstream of the
manual oil valve at the burner.

(10) Slowly close the manual gas shutoff valve while observing
the gas pressure downstream of the valve until the gas pres-
sure starts to drop. At this point, the gas flow rate is con-
trolled by the manual valve instead of by the control valve.

(11) Slowly close the manual gas valve while simultaneously
opening the manual oil valve to light the oil flame from
the gas flame and proceed as follows:

(a) Continue to increase the oil-firing rate while cutting
back on the gasfiring rate to maintain a constant
heatinput of the combined fuels to the burner, until
the manual gas valve is closed and the manual oil
valve is fully open.

(b) Excess air must be maintained at all times by con-
tinuously observing the burner flame or by observ-
ing the air-fuel ratio, oxygen indicator, or opacity
indicator, if provided.

(c) During this period, airflow must be maintained at a
constant rate with only the manual fuel valves
operated.

(12) Place the fuel transfer mode in the oil position.

(13) Return the combustion control system and burner-firing
rate to automatic operation.

(14) Shut down igniter as required.

5.8.4.3 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the procedure to transfer from oil to
gas shall be as follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instructions.
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(2) Confirm that the manual gas valve at the burner is
closed.

(8) Satisfy gas fuel system interlocks.

(4) Place the combustion control system in manual mode.

(5) Reduce the oil-firing rate to light-off flow.

(6) Place the gas control valve in the light-off position.

(7) Place fuel transfer in the gas/oil mode, with the follow-
ing results:

(a) When the gas safety interlocks are satisfied, the gas
safety shutoff valves open.

(b) Gas pressure now will be upstream of manual gas
valve at the burner.

(8) Slowly close the manual oil valve while observing the oil
pressure downstream of the valve until the oil pressure
starts to drop. At this point, the oil flow is controlled by
the manual valve instead of by the control valve.

(9) Slowly close the manual oil valve while simultaneously
opening the manual gas valve to light the gas flame from
the oil flame, then proceed as follows:

(a) Continue to increase the gas-firing rate while cut-
ting back on the oilfiring rate to maintain a con-
stant heat input of the combined fuels to the burner
until the manual oil valve is closed and the manual
gas valve is fully open.

(b) Excess air must be maintained at all times by con-
tinuously observing the burner flame or by observ-
ing the airfuel ratio, oxygen indicator, or opacity
indicator, if provided.

(c) During this period, airflow must be maintained at a
constant rate with only the manual fuel valves
operated.

(10) Place the fuel transfer mode in the gas position. The oil
safety shutoff valves close.

(11) Return the combustion control system and burner-firing
rate to automatic operation.

(12) Purge the oil gun into the furnace, if required.

(13) Shut off the atomizing medium, if required.

(14) Remove the oil atomizer from burner, if required.

(15) Shut down the igniter as required.

5.8.5 Safety Shutdowns. Safety shutdowns shall be initiated in
accordance with 5.7.5.3 through 5.7.5.5.

5.9 Dual Oil Atomizers in a Single Burner.

5.9.1*% General. Where a burner is equipped with main and
auxiliary oil atomizers for the purpose of changing atomizers
for maintenance without affecting the boiler load, the
changeover of atomizers shall be carried out manually under
stable firing conditions by a trained operator.

5.9.1.1 Class 1 or Class 2 igniters shall be used during the fuel
transfer as required by the manufacturer or established by test.

5.9.1.2 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.6 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.9.1.3 The initial prefiring cycle, light-off cycle, and nor-
mal shutdown cycles for the initial fuel to be fired and for
single fuel operation shall be completed in accordance with
Section 5.6.
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5.9.2 Required Equipment. The following equipment shall be
required:

(1) Aburner that is capable of firing two oil atomizers simul-
taneously during the transfer period

(2) A combustion control system that is capable of limiting
the total fuel input to the maximum capacity of the boiler
and that has the capability to manually adjust the airflow

(3) Asafety interlock system in accordance with 5.4.6 that also
prohibits the simultaneous light-off of both atomizers

(4) Manual oil shutoff valves at the burner, downstream of the
safety shutoff valves for each atomizer

(5) A pressure gauge in the fuel line downstream of each
manual shutoff valve

(6) Manual atomizing media shutoff valves for each atomizer
except on mechanically atomized systems

5.9.3 Oil Atomizer Changeover Procedure. The procedures
for a manual transfer of operation from one oil atomizer (main
or auxiliary) to a second oil atomizer (auxiliary or main) without
requiring a shutdown of the burner shall be as follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instructions.

(2) Confirm that the manual oil valve at the burner for the
atomizer to be started is closed.

(8) Install the second oil atomizer.

(4) Place the combustion control system in manual mode.

(5) Slowly close the manual shutoff valve while observing the
oil pressure downstream of the valve until the oil pressure
starts to drop. At this point, the oil flow rate is controlled by
the manual valve instead of by the control valve.

(6) For nonmechanically atomized oil atomizers, slowly
open the second atomizing medium shutoff valve until it
is fully open.

(7) Slowly close the manual oil valve for the atomizer in ser-
vice while simultaneously opening the manual oil valve
of the second atomizer to light the second atomizer
from the first and proceed as follows:

(a) Continue to slowly increase the oil-firing rate on the
second atomizer while cutting back on the firing
rate of the first atomizer to maintain a constant heat
input of the combined atomizers until the manual
valve of the first atomizer is closed and the manual
oil valve of the second atomizer is fully open.

(b) Excess air shall be maintained at all times by con-
tinuous observation of the burner flame or by obser-
vation of the airfuel ratio, oxygen indicator, or
opacity indicator, if provided.

(c) During this period, airflow must be maintained at a
constant rate with only the manual fuel valves
operated.

(8) Close the atomizing media shutoff valve on the first at-
omizer, if present.
(9) Return the combustion control system and burner-firing
rate to automatic operation.
(10) Shut down the igniter as required.

Chapter 6 Multiple Burner Boilers

6.1 Application.

6.1.1 This chapter shall be used in conjunction with Chapter 4
and requires the coordination of operation procedures, control
systems, interlocks, and structural design. Where conflicts exist,
the requirements of this chapter shall apply.
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6.1.2 The sections of this code that are common to all fuels to
be burned in a multiple burner boiler shall be used in con-
junction with those sections that are applicable to a specific
fuel being utilized.

6.1.3 Section 6.5 shall apply to minimizing the risk of nega-
tive furnace draft in excess of furnace structural capability.

6.1.4 Section 6.6 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
burner boilers utilizing fuel gas as defined in 3.3.64.

6.1.5 Section 6.7 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
burner boilers utilizing fuel oil as defined in 3.3.63.3.

6.1.6 Section 6.8 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
burner boilers utilizing pulverized coal fuel as defined in
3.3.63.2.1.

6.1.7 This chapter shall also apply to fired flue gas reheaters
(duct burners) installed in the flue gas path downstream of a
multiple burner boiler furnace.

6.2 Purpose.

6.2.1 The purpose of this chapter shall be to contribute to
operating safety and to prevent furnace explosions and implo-
sions in multiple burner boiler installations from the forced
draft fan inlet(s) to the stack inlet.

6.2.2 This chapter establishes minimum requirements that
shall be followed for the design, installation, operation, and
maintenance of multiple burner boilers and their fuel-burning,
air supply, and combustion products removal systems.

6.2.3*% The user of this chapter shall recognize the complexity
of firing fuel with regard to the type of equipment and the
characteristics of the fuel.

6.3 Mechanical Equipment Requirements.

6.3.1 General requirements for mechanical equipment shall
be in accordance with Sections 4.6 through 4.16.

6.3.2 Forced draft (FD) and induced draft (ID) fans shall
include all fans whose purpose is to supply air for combustion
or remove products of combustion, including associated
booster fans, and exclude fans in the pulverized coal system.

6.3.3 Fuel Gas and Fuel Oil Safety Shutoff Valves.

6.3.3.1 A header safety shutoff valve and individual burner
safety shutoff valves shall be provided.

6.3.3.2 Proof of closure shall be provided for all header and
burner safety shutoff valves.

6.3.3.3 Multiple burners supplied from a common set of
burner safety shutoff valves shall be treated as a single (indi-
vidual) burner. (See 6.6.7.1.3 and 6.7.7.1.3 for two-burner units.)

6.3.3.4 Where fuel gas or fuel oil igniters are provided, a
common igniter fuel header safety shutoff valve and individual
igniter safety shutoff valves shall also be provided. The igniter
header safety shutoff valve shall be dedicated to the igniter
subsystem.
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6.3.3.5 Multiple igniters supplied from a common set of ig-
niter safety shutoff valves shall be treated as a single (indi-
vidual) igniter.

6.3.3.6 Proof of closure in accordance with 6.4.1.2.4.5 shall
be provided for all individual igniter safety shutoff valves.

6.3.3.7 Burner and igniter safety shutoff valves shall be lo-
cated as close as practicable to the igniters or burners to mini-
mize the volume of fuel downstream of the valve.

6.4 Burner Management and Combustion Control Require-
ments. Burner management and combustion control general
requirements shall be in accordance with Sections 4.11
through 4.15.

6.4.1 Interlock System.
6.4.1.1 Functional Requirements.

6.4.1.1.1 The operation of any interlock that causes a trip
shall be annunciated.

6.4.1.1.2 The interlock system shall be installed, adjusted,
and tested to confirm design function and timing.

6.4.1.1.2.1 The actuation values and time of action of the
initiation devices shall be tuned to the furnace and equipment
on which they are installed.

6.4.1.1.2.2 After adjustment, each path and the complete sys-
tem shall be tested to verify the adjustments.

6.4.1.1.3 Testing and maintenance shall be performed to
keep the interlock system functioning as designed.

6.4.1.1.4 If a reburn system is employed, the reburn inter-
locks shall be integrated with the interlock system.

6.4.1.1.5 Interlocks associated exclusively with the reburn sys-
tem shall trip only the reburn system and shall not generate a
master fuel trip.

6.4.1.1.6 The starting procedure and operation shall be su-
pervised to ensure that design operating parameters and se-
quences are used.

6.4.1.1.7 The minimum amount of equipment shall be
tripped in the correct sequence when the safety of personnel
or equipment is jeopardized.

6.4.1.1.8 The initiating cause of the trip shall be indicated,
and no portion of the process shall be started until stable op-
erating conditions within design parameters are established.

6.4.1.1.9 The necessary trip devices shall be coordinated into
an integrated system.

6.4.1.1.10 Where automatic equipment is not installed or in
service to accomplish the intended function, instrumentation
or alternative means to enable the operator to complete the
operating sequence shall be provided.
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6.4.1.1.11 The design shall retain as much flexibility with re-
spect to alternative modes of operation as is consistent with
operating procedures and parameters.

6.4.1.1.12 The capability for preventive maintenance shall be
provided.

6.4.1.1.13 The design shall not require any deliberate “de-
feating” of an interlock to start or operate equipment. When-
ever a required interlock device is removed temporarily from
service, it shall be noted in the log and annunciated. Other
means shall be substituted to supervise this interlock function.

6.4.1.1.14* The mandatory master fuel trip-sensing elements
and circuits shall be independent of all other control elements
and circuits.

Exception No. 1: Individual burner flame detectors also shall be per-
mitted to be used for initiating master fuel trip systems.

Exception No. 2:  Signals from the boiler control system shall be per-
mitted to be used for a master fuel trip, provided all the following
conditions are mel:

(1) These interlocks are hardwired into the burner management
system.

(2) Tripping set points are protected from unauthorized changes.

(3) Any single component failure of these sensing elements and cir-
cuits does not prevent a mandatory master fuel trip.

6.4.1.1.15 Misoperation of the interlock system due to an in-
terruption or restoration of the interlock energy supply shall
be prevented.

6.4.1.2* Required Interlocks.

6.4.1.2.1% Interlock System. Figure 6.4.1.2.1 and
Table 6.4.1.2.1(a) through Table 6.4.1.2.1(c) show the
minimum required system of interlocks that shall be pro-
vided for basic furnace protection for a multiple burner
boiler operated in accordance with this code.

6.4.1.2.2 Each source of operation of the master fuel trip
relay shall actuate a cause-of-trip indication, which informs the
operator of the initiating cause of the tripping impulse.

6.4.1.2.3 Main fuel oil-recirculating valves shall be permitted
to be reset separately and opened following a trip of the mas-
ter fuel trip relay only after all burner safety shutoff valves have
been proven closed.

6.4.1.2.4 Purge Requirements.

6.4.1.2.4.1 A boiler enclosure purge shall be performed as
part of the open register, continuous purge light-off proce-
dures specified in 6.6.5.1.5.7, 6.7.5.1.5.7, and 6.8.5.1.5.7.

6.4.1.2.4.2 A boiler enclosure purge shall be completed be-
fore resetting of the master fuel trip relay shall be permitted.
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FIGURE 6.4.1.2.1 Interlock System for Multiple Burner Boiler.
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Table 6.4.1.2.1(a) Interlock System for Multiple Burner Boiler

Block Number Action

Block 1 Loss of an individual igniter flame shall cause the following actions:
(1) Close the individual igniter safety shutoff valve (s) and de-energize the spark(s).
(2) Open the vent valve (fuel gas ignition only).
(3) Signal the main flame protection system that the igniter flame has been lost.

Block 2al High or low igniter fuel gas header pressure shall be interlocked to initiate the tripping of the
igniter header and individual igniter safety shutoff valves and de-energize sparks.

Block 2a2 Low igniter fuel oil header pressure shall be interlocked to initiate the tripping of the igniter
header and individual igniter safety shutoff valves and de-energize sparks.

Block 2b Where fuel oil is used for ignition fuel with air or steam atomization, atomizing air or steam

pressure out of range shall trip the igniter header and individual igniter safety shutoff valves
and de-energize sparks.

Where direct electric igniters are used, blocks 1 and 2 shall not apply. However, the master
fuel trip system shall de-energize sparks and prevent re-energizing until all conditions for
light-off have been re-established.

Blocks 3 through 13

These blocks represent conditions that initiate the tripping of all main and ignition fuel supplies
through a master fuel trip relay contact(s). The master fuel trip relay(s) shall be of the type
that stays tripped until the unit purge system interlock permits it to be reset. Whenever the
master fuel trip relay(s) is operated, it shall trip all fuel header, burner, and igniter safety
shutoff valves and de-energize all sparks and all ignition devices within the unit and flue gas
path through master fuel trip relay contact(s).

Master fuel trip relay contacts shall also trip the fuel oil system circulating and recirculating
valves. If the design of the fuel oil supply system is such that backflow of fuel oil through the
recirculating valve is inherently impossible or positively prevented, this valve shall be
permitted to be manually operated and shall not be required to be interlocked to close
automatically on a master fuel trip.

The master fuel trip relay contacts shall also trip primary air fans or exhausters, coal
feeders, pulverizers, and coal burner line shutoff valves, or take equivalent functional action to
stop coal delivery to burners.

The master fuel trip logic shall trip all fuel gas path auxiliary systems that introduce hazards
through the addition of fuel, oxidizing agents, or ignition sources.

Block 3 The loss of all induced draft fans shall activate the master fuel trip relay.
Block 4 The loss of all forced draft fans shall activate the master fuel trip relay.
Block 5 Low combustion airflow below the permitted limits shall activate the master fuel trip relay.

Block 6 (See A.6.4.1.2.1.)

High positive furnace pressure shall activate the master fuel trip relay. High negative furnace
pressure shall activate the master fuel trip relay.

Block 7

Loss of all flame in the furnace shall activate the master fuel trip relay.

Block 8 (See A.6.4.1.2.1.)

A partial loss of flame that results in a hazardous condition shall activate the master fuel trip
relay.

Block 9 (See A.6.4.1.2.1.)

When all fuel inputs to the furnace are shut off following a shutdown of the boiler for any
reason, the master fuel trip relay shall be activated in accordance with Table 6.4.1.2.1(b) or
Table 6.4.1.2.1(c).

Block 10a(See A.6.4.1.2.1.)

For drum-type boilers, a low drum water level shall activate the master fuel trip relay.

Block 10b (See A.6.4.1.2.1)

For once-through boilers, waterwall flow below the minimum specified by the manufacturer or
related waterwall protection signals shall activate the master fuel trip relay.

Block 11

A manual switch that actuates the master fuel trip relay directly shall be provided for use by the
operator in an emergency.
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Table 6.4.1.2.1(a) Continued

Block Number Action

Block 12 The igniter fuel trip shall activate the master fuel trip relay in accordance with Table 6.4.1.2.1(b)
or Table 6.4.1.2.1(c), if igniter fuel is the only fuel in service or if it is being used to stabilize a
main fuel.

Block 13a When the fuel gas burner header fuel pressure is above the maximum or below the minimum

for a stable flame, that fuel shall be tripped. If fuel gas is the only fuel in service, the master
fuel trip relay shall be actuated.

Block 13b When the fuel oil burner header fuel pressure is below the minimum for a stable flame, that fuel
shall be tripped. If fuel oil is the only fuel in service, the master fuel trip relay shall be
actuated.

Block 13c This block represents operation of the fuel oil trip to prevent operation when atomizing air or

steam pressure is out of range. If fuel oil is the only fuel in service, the master fuel trip relay
shall be actuated.

Block 13d This block represents the tripping/shutdown of coal-firing equipment that will cause a coal fuel
trip. If coal is the only fuel in service, the master fuel trip relay shall be actuated.

Block 14a Loss of flame at an individual fuel gas or fuel oil burner with one or more additional burners
operating with stable flames that does not introduce a serious enough condition to warrant a
master fuel trip as called for in block 8 shall close the individual burner safety shutoff valve (s)
and associated igniter safety shutoff valve(s) and de-energize the associated igniter spark. For
gang-operated burner valves, the requirements of 6.6.5.2.1.3(B) (19) and 6.7.5.2.1.3(B) (19)
shall be met.

Block 14b On loss of main coal burner flame, the tripping strategies of 6.8.4 shall be followed.

Table 6.4.1.2.1(b) Fuel Inputs Shutoff When Class 1 Igniters Are Used

Condition Action Required

(1) First Class 1 igniter(s) fails to light after (1) Igniter valve(s) shall be closed
successful unit purge. immediately. Master fuel trip not required,
[See 6.6.5.2.1.3(B)(9), 6.6.5.2.1.3(B)(10), but a 1-minute delay shall be required
and 6.8.5.2.1.3(B)(7).] before retrial of that or any other igniter.

(2) Any igniters proven on, all other fuel (2) Master fuel trip shall be actuated.
sources off, all igniter valves subsequently
closed.

(3) Any Class 1 igniter(s) proven on, any (3) Associated main fuel gas trip valve and/or
burner valve leaves closed limit, all burner fuel oil trip valve shall be closed (fuel gas
valves subsequently closed, no other main trip and/or fuel oil trip), proven igniters
fuel in service, igniter(s) remain proven. shall be permitted to remain in service.

(4) Any Class 1 igniter(s) proven on, any (4) Proven igniters shall be permitted to
pulverizer startup initiated, all pulverizers remain in service.
subsequently stopped, no other main fuel
in service, igniter(s) remain proven.

(5) All igniter and burner valves closed and all | (5) Master fuel trip shall be actuated.
feeders or pulverizers stopped.
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Table 6.4.1.2.1(c) Fuel Inputs Shutoff When Class 2 or Class 3 Igniters Are Used

Condition

Action Required

(1) First Class 2 or 3 igniter(s) fails to light
after successful unit purge.
[See 6.6.5.2.1.3(B)(9), 6.6.5.2.1.3(B)(10),
and 6.8.5.2.1.3(B)(7).]

(1) Igniter valve(s) shall be closed
immediately. Master fuel trip not required,
but a 1-minute delay shall be required
before retrial of that or any other igniter.

(2) Any igniters proven on, all other fuel
sources off, all igniter valves subsequently
closed.

(2) Master fuel trip shall be actuated.

(8a.1) Class 2 igniter(s) proven on, first main
burner trial for ignition fails.

(3a.1) Master fuel trip shall be actuated.

(3a.2) Class 2 igniter(s) proven on, last main
burner is taken out of service in a normal
shutdown.

(3a.2) Associated main fuel gas trip valve
and/or fuel oil trip valve shall be closed
(fuel gas trip and/or fuel oil trip), proven
igniters shall be permitted to remain in
service.

(8a.3) Class 2 igniter(s) proven on, last main
burner is taken out of service in an
abnormal shutdown.

(3a.3) Master fuel trip shall be actuated.

(8b.1) Class 3 igniters proven on, first main
burner trial for ignition fails.

(3b.1) Master fuel trip shall be actuated.

(3b.2) Class 3 igniter(s) proven on, last main
burner is taken out of service in a normal
shutdown.

(3b.2) Master fuel trip shall be actuated.

(3b.3) Class 3 igniter(s) proven on, last main
burner is taken out of service in an
abnormal shutdown.

(3b.3) Master fuel trip shall be actuated.

(4) Any Class 2 igniter(s) proven on, any
pulverizer startup initiated, all pulverizers
subsequently stopped, no other main fuel
in service, igniter(s) remain proven.

(4) (a) If first pulverizer fails to ignite as
described in 6.8.5.2.1.3(B) (12), master
fuel trip shall be actuated.

(b) If last pulverizer in service is tripped,
master fuel trip shall be actuated.

(c) If last pulverizer in service is taken out
of service in a normal shutdown sequence
by an operator, proven igniters shall be
permitted to remain in service.

(5) All igniter and burner valves closed and all
feeders or pulverizers stopped.

(5) Master fuel trip shall be actuated.
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6.4.1.2.4.3 A boiler enclosure purge shall be required after
the occurrence of a master fuel trip or if any purge permissive,
as defined in 6.4.1.2.4.5, is lost prior to the introduction of any
fuel or ignition source to the boiler enclosure.

(A) On a normal shutdown, after all fuel has been removed
from service, boiler enclosure purge conditions, including
purge rate air flow, shall be established and a boiler enclosure
purge completed.

(B)* On an emergency shutdown where FD and ID fans re-
main in service, boiler enclosure purge conditions shall be
established and a boiler enclosure purge completed. Purge
rate airflow shall be established in accordance with the follow-
ing procedure:

(1) All fans in the combustion air and flue gas streams that
are in service at the time of the trip shall be left in service.
This shall not include primary air fans or pulverizer ex-
hausters used to convey coal into the furnace.

(2) The airflow shall not be changed by deliberate manual or
automatic control action except as permitted in
6.4.1.2.4.3(B) (3) and 6.4.1.2.4.3(B) (4).

(3) If the airflow is greater than the purge rate, it shall be
permitted to be decreased gradually to the purge rate for
a boiler enclosure purge.

(4) If the airflow is less than the purge rate at the time of the
trip, it shall be continued at the existing rate for 5 minutes
and then increased gradually to the purge rate airflow
and held at that value for a boiler enclosure purge. If
increasing the airflow to the purge rate requires starting
fans, they shall be started in accordance with Section 6.5.

(5) During a master fuel trip event, the overfire air system shall
remain at the same setting as when the event occurred for
such time as the main combustion airflow is held.

(6) Following the hold period, the overfire air shall be per-
mitted to be gradually adjusted to overfire air purge set-
tings or cooling flows either manually or automatically.

(C)* All Fan Trip.

(1) On an emergency shutdown where no fans remain in ser-
vice, no action shall be taken other than damper actions
necessary to prevent positive or negative furnace pressure
transients beyond design limits.

(2) The flue gas recirculation system shall be operated as rec-
ommended by the boiler manufacturer.

(3) Exceptas noted in 6.4.1.2.4.3(C) (4), once the FD and ID
fan(s) have stopped, slowly open all dampers in the air
and flue gas passages to the full open position.

(4)*When the flue gas flow path is combined with the flue gas
flow path(s) of other operating boilers, it shall be permit-
ted to isolate the flue gas path for the tripped unit once
the ID and FD fan(s) have stopped.

(5) The conditions in 6.4.1.2.4.3(C) (3) or 6.4.1.2.4.3(C) (4)
shall be maintained for an all fan trip hold period of at
least 15 minutes prior to allowing any ID or FD fan to be
restarted.

(6) At the end of this 15 minute period, the fan(s) shall be
started in accordance with Section 6.5.

(7) The airflow shall be increased gradually to the purge rate,
and a boiler enclosure purge shall be completed.

(D) After completion of the boiler enclosure purge, one of
the following actions shall be permitted:

(1)*Shut down the FD and ID fans and open all dampers to
allow an open flow path through the boiler enclosure.
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(2)*Shut down the FD and ID fans and close dampers in the
boiler flue gas path and air path.

(3) Relight in accordance with 6.6.5, 6.7.5, or 6.8.5, as appli-
cable, depending on the fuels being fired.

6.4.1.2.4.4 Purge Rate Air Flow.

(A)* The designer shall establish a minimum purge rate air-
flow. This purge rate airflow shall be in accordance with
6.4.1.2.4.4(B) and 6.4.1.2.4.4(C).

(B)* Purge rate airflow shall not be less than 25 percent of
design full load mass airflow.

(C) Purge rate airflow shall not be greater than 40 percent of
design full load mass airflow for coal-fired units.

(D) Purge rate airflow shall be maintained from the FD fan
inlet through the stack.

(E) Purge rate airflow shall be maintained from purge
completion through light-off and initial loading as described
in 6.6.5.1.5, 6.7.5.1.5, and 6.8.5.1.5.

6.4.1.2.4.5* Boiler Enclosure Purge Permissives. Boiler enclo-
sure purge permissives shall, at a minimum, include the fol-
lowing:

(1) Alligniter header and individual igniter shutoff valves are
g g
proven closed by valve position.

Exception:  Where the igniter capacity is 1.5 MW, (5 million Btu/hr)
or less, proof of closure of individual igniter safety shutoff valves by

means other than valve position shall be permitted.

(2) If coalis fired on the unit, all pulverizers are stopped and
all coal flow to the furnace is stopped.

(3) Iffuel gasis fired on the unit, all main fuel gas header and
individual fuel gas burner shutoff valves are proven closed
by valve position.

(4) If fuel oil is fired on the unit, all main fuel oil header and
individual fuel oil burner shutoff valves are proven closed
by valve position.

(5) Any other sources of combustibles that could enter the
boiler enclosure or flue gas path are proven closed by
valve position or other positive means.

Exception:  Where the capacity of the combustible source is 1.5 MW,
(5 million Btu/hr) or less, proof of closure of shutoff valves by means
other than valve position shall be permitted.

(6) All required burner air registers are in purge position.

(7) Atleast one FD fan and, if so equipped, one ID fan are in
service.

(8) Flue gas recirculation fans shall be operated as recom-
mended by the boiler manufacturer.

(9) Total boiler airflow is at purge rate airflow.

6.4.1.2.4.6* Component Purge Permissives. Component
purge permissives shall, at a minimum, include the following:

(1) All sources of fuel and other combustibles into the compo-
nent proven closed by valve position or other positive means

(2)*All sources of ignition energy proven off

(3) Component purge flow rate at or above boiler enclosure
purge rate airflow

6.4.1.2.4.7* Boiler Enclosure Purge.

(A)* Completion of the boiler enclosure purge shall require a
minimum of 5 minutes and at least five volume changes of the
boiler enclosure while all the purge permissives are maintained.
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