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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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All questions or other communications relating to this document and all requests for information on NFPA procedures

governing its codes and standards development process, including information on the procedures for requesting Formal

Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA documents during

regular revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Coun-

cil, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

Users of this document should be aware that this document may be amended from time to time through the issuance of

Tentative Interim Amendments, and that an official NFPA document at any point in time consists of the current edition of

the document together with any Tentative Interim Amendments then in effect. In order to determine whether this document

is the current edition and whether it has been amended through the issuance of Tentative Interim Amendments, consult ap-

propriate 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 above.

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Governing Com-

mittee Projects shall not be considered the official position of NFPA or any of its Committees and shall not be considered

to be, nor be relied upon as, a Formal Interpretation.

The NFPA does not take any position with respect to the validity of any patent rights asserted in connection with any

items which are mentioned in or are the subject of this document, and the NFPA disclaims liability of the infringement of

any patent resulting from the use of or reliance on this document. Users of this document are expressly advised that deter-

mination of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsi-

bility.

Users of this document should consult applicable federal, state, and local laws and regulations. NFPA does not, by the

publication of this document, intend to urge action that is not in compliance with applicable laws, and this document may

not be construed as doing so.
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NFPA 8502

Standard for the Prevention of

Furnace Explosions/Implosions in Multiple Burner Boilers

1999 Edition

This edition of NFPA 8502, Standard for the Prevention of Furnace Explosions/Implosions in Mul-
tiple Burner Boilers, was prepared by the Technical Committee on Multiple Burner Boilers,
released by the Technical Correlating Committee on Boiler Combustion System Hazards, and
acted on by the National Fire Protection Association, Inc., at its Fall Meeting held November
16–18, 1998, in Atlanta, GA. It was issued by the Standards Council on January 15, 1999, with
an effective date of February 4, 1999, and supersedes all previous editions.

Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from
the previous edition.

This edition of NFPA 8502 was approved as an American National Standard on February
4, 1999.

Origin and Development of NFPA 8502

This document originated as a compilation of the following four standards:
NFPA 85B, Standard for the Prevention of Furnace Explosions in Natural Gas-Fired Multiple Burner

Boiler-Furnaces
NFPA 85D, Standard for the Prevention of Furnace Explosions in Fuel Oil-Fired Multiple Burner

Boiler-Furnaces

NFPA 85E, Standard for the Prevention of Furnace Explosions in Pulverized Coal-Fired Multiple
Burner Boiler-Furnaces

NFPA 85G, Standard for the Prevention of Furnace Implosions in Multiple Burner Boiler-Furnaces

In 1964, NFPA 85B was prepared by what was then the Sectional Committee on Public Util-
ity Units and was tentatively adopted. In the following year and a half, the tentative standard
was subjected to intensive study by the electric utility industry, boiler manufacturers, insurers,
consultants, and others. The first official edition of NFPA 85B, adopted in 1966, incorporated
the revisions that resulted from this study.

During this same period, NFPA 85D was prepared and was tentatively adopted in 1966.
Revisions were adopted in 1967, but the status of the standard remained tentative.

NFPA 85E was prepared and eventually adopted as a tentative standard in May 1968.
Amendments were adopted in 1969 to strengthen the standard and to provide more unifor-
mity among NFPA 85B, NFPA 85D, and NFPA 85E, but its status remained tentative. Amend-
ments also were made to NFPA 85B and NFPA 85D in 1969, and NFPA 85D was officially
adopted that year.

NFPA 85B and NFPA 85D were revised again in 1970. NFPA 85B, NFPA 85D, and NFPA
85E were amended in 1971, and NFPA 85E was officially adopted. In 1972, provisions were
added to NFPA 85D to cover crude oil firing, and amendments were made to all three docu-
ments in 1973 and 1974. A new section covering boilers with a small number of burners and
a new Appendix B were added to NFPA 85B and NFPA 85D in 1976.

The increased size of furnaces in utility boilers, along with changes in technology, intro-
duced the problem of excessive negative pressure excursion development within the furnace
setting. In 1976, a task group was appointed to investigate this problem. As a result of the task
group investigation, it was concluded that a new standard for the prevention of furnace implo-
sions was needed, and the development of NFPA 85G was initiated. NFPA 85G was published
first in 1978. The official adoption of NFPA 85G in 1978 was accompanied by amendments to
NFPA 85B, NFPA 85D, and NFPA 85E.
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NFPA 85E and NFPA 85G were revised in 1980, followed by amendments to NFPA 85G in
1982. NFPA 85B and NFPA 85D were both revised in 1984. The most current of these four
standards were the 1989 editions of NFPA 85B and NFPA 85D, the 1985 edition of NFPA 85E,
and the 1987 edition of NFPA 85G.

In late 1988, the subcommittee responsible for these four documents was assigned the task
of combining them into a single document for consistency and ease of management. The
1991 edition of NFPA 85C was the result of this effort.

In 1993, the technical committee responsible for NFPA 85C was assigned the task of revis-
ing this document and for redesignating it as NFPA 8502, Standard for the Prevention of Furnace
Explosions/Implosions in Multiple Burner Boilers. The purpose of this redesignation was consis-
tency with other NFPA 8500 series documents on boilers, furnaces, and related equipment.
The 1995 edition of NFPA 8502 was the result of this effort.

This 1999 edition incorporates several changes to the standard. The most notable change
allows simultaneous firing of multiple fuel types. Other changes added new definitions and
streamlined the document.
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Furnace Explosions/Implosions in Multiple 
Burner Boilers
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Chapter 10 and Appendix B.

FOREWORD

Technological advances in recent years and, in particular,
the pervasiveness of microprocessor-based hardware make it
even more important that only highly qualified individuals be
employed in applying the requirements of this standard to
operating systems. Each type of hardware has its own unique
features and operational modes. It is vital that the designer of
the safety system be completely familiar with the features and
weaknesses of the specific hardware and possess a thorough
understanding of this standard and its intent.

It is not possible for this standard to encompass all specific
hardware applications, nor should this standard be consid-
ered a “cookbook” for the design of a safety system.

Where applying any type of equipment to a safety system,
the designer should consider carefully all of the possible fail-
ure modes and the effect that each might have on the integrity
of the system and the safety of the unit and personnel. In par-
ticular, no single point failure should result in an unsafe or
uncontrollable condition or a masked failure of a micropro-
cessor-based system that could result in the operator unwit-
tingly taking action that could lead to an unsafe condition.

This document is to be used for the design, installation,
operation, and maintenance of multiple burner boilers and
their burner management and combustion control systems.
The standard is organized as follows:

(a) The introduction and those sections that apply to all
fuels covered in this standard (Chapters 1–5 and Chapter 9).

(b) Detailed sections that specifically apply to the particu-
lar fuel fired. Chapter 6 applies to fuel gas systems. Chapter 7
applies to fuel oil systems. Chapter 8 applies to pulverized coal
systems.

When using this standard, the sections that apply to all
fuels covered should be used in conjunction with those cover-
ing the specific fuel utilized. The appendixes include addi-
tional useful information but are not mandatory.

Chapter 1 Introduction

1-1 Scope.  

1-1.1 This standard shall apply to boilers with a fuel input rat-
ing of 12,500,000 Btu/hr (3663 kW) or greater. This standard
shall apply to multiple burner boilers firing one or more of the
following:

(a) Fuel gas, as defined in Chapter 3
(b) Fuel oil, as defined in Chapter 3
(c) Pulverized coal, as defined in Chapter 3

1-1.2 This standard includes simultaneous firing of more than
one fuel.

1-1.3* This standard is not retroactive. This standard shall
apply to new installations and to major alterations or exten-
sions that are contracted subsequent to the effective date of
this standard.

1-1.4 Furnaces such as those of process heaters used in chem-
ical and petroleum manufacture, wherein steam generation is
incidental to the operation of a processing system, are not cov-
ered by this standard.

1-1.5 Since this standard is based on the current state of the
art, its application to existing installations is not mandatory.
Nevertheless, operating companies are encouraged to adopt
those features of this standard that are applicable for existing
installations.

1-1.6 Chapter 5 prescribes methods for minimizing the risk of
negative furnace draft in excess of furnace structural capability.

1-1.7 Chapter 6 includes requirements for burner manage-
ment, combustion control systems, and operating procedures
for boilers utilizing fuel gas as defined in Chapter 3.

1-1.8 Chapter 7 includes requirements for burner manage-
ment, combustion control systems, and operating procedures
for boilers utilizing fuel oils as defined in Chapter 3.

1-1.9 Chapter 8 includes requirements for burner manage-
ment, combustion control systems, and operating procedures
for boilers utilizing pulverized coal as defined in Chapter 3.

1-1.10 The appendixes contain information viable to the
design and understanding of this standard. Therefore the user
of this standard shall be familiar with the contents of the
appendixes.

1-2 Purpose.  

1-2.1 The purpose of this document is to contribute to oper-
ating safety and to prevent furnace explosions and implosions.
It establishes minimum standards for the design, installation,
operation, and maintenance of boilers and their fuel-burning,
air supply, and combustion products removal systems. The
standard requires the coordination of operating procedures,
control systems, interlocks, and structural design.

1-2.2* No standard guarantees the elimination of furnace
explosions and implosions in boilers. Technology in this area
is evolving constantly, as reflected in revisions to this standard.
The user of this standard needs to recognize the complexity of
firing fuel with regard to the type of equipment and the char-
acteristics of the fuel. Therefore, the designer is cautioned
that the standard is not a design handbook. The standard does
not eliminate the need for the engineer or for competent
engineering judgment. It is intended that a designer capable
of applying more complete and rigorous analysis to special or
unusual problems is to be given latitude in the development
of such designs. In such cases, the designer is responsible for
demonstrating the validity of the proposed design.

1-2.3 Emphasis is placed on the importance of structure
strength, operation and maintenance procedures, combus-
tion and draft control equipment, safety interlocks, alarms,
trips, and other related controls that are essential to boiler
operation.

1-2.4 Gas cleanup systems located downstream of the post-
combustion gas passes of the boiler furnace shall be coordi-
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nated with the operating procedures and design of the boiler
furnace system. Such coordination shall include requirements
for ensuring a continuous flow path from the forced draft fan
inlet through the stack. This standard provides only the gen-
eral requirements for these systems because of the multiplicity
of their designs.

Chapter 2 General

2-1 Furnace Explosions.  

2-1.1 The basic cause of furnace explosions is the ignition of
an accumulated combustible mixture within the confined
space of the furnace or the associated boiler passes, ducts, and
fans that convey the gases of combustion to the stack.

2-1.2 A dangerous combustible mixture within the boiler
enclosure consists of the accumulation of an excessive quan-
tity of combustibles mixed with air in proportions that result
in rapid or uncontrolled combustion where an ignition source
is supplied. A furnace explosion can result from ignition of
this accumulation if the quantity of combustible mixture and
the proportion of air to fuel are such that an explosive force is
created within the boiler enclosure. The magnitude and inten-
sity of the explosion depends on both the relative quantity of
combustibles that has accumulated and the proportion of air
that mixes with the combustibles at the moment of ignition.
Explosions, including “furnace puffs,” result from improper
operating procedures by personnel, improper design of
equipment or control systems, or malfunction of the equip-
ment or control system malfunction.

2-1.3 Numerous conditions that produce explosive condi-
tions can arise in connection with the operation of a boiler.
The most common of these are as follows:

(a) An interruption of the fuel or air supply or ignition
energy to the burners sufficient to result in momentary
loss of flames, followed by restoration and delayed reigni-
tion of an accumulation

(b) Fuel leakage into an idle furnace and the ignition of the
accumulation by a spark or other source of ignition

(c) Repeated unsuccessful attempts to light off without
appropriate purging, resulting in the accumulation of an
explosive mixture

(d) The accumulation of an explosive mixture of fuel and air
as a result of loss of flame or incomplete combustion at one
or more burners in the presence of other burners operat-
ing normally or during lighting of additional burners

(e) The accumulation of an explosive mixture of fuel and air
as a result of a complete furnace flameout and the igni-
tion of the accumulation by a spark or other ignition
source, such as could occur where attempting to light a
burner(s)

(f) Purging with an airflow that is too high, which stirs up
combustibles smoldering in hoppers

2-1.4 The conditions favorable to a furnace explosion
described in 2-1.3 are typical examples, and an examination of
numerous reports of furnace explosions suggests that the
occurrence of small explosions, furnace puffs, or near misses
has been far more frequent than usually is recognized. It is
believed that improved instrumentation, safety interlocks and
protective devices, proper operating sequences, and a clearer
understanding of the problem by both designers and opera-

tors can greatly reduce the risks and actual incidence of fur-
nace explosions.

2-1.5 In a boiler, upset conditions or control malfunction can
lead to an air/fuel mixture that could result in a flameout fol-
lowed by reignition after a combustible air/fuel ratio has been
reestablished. Dead pockets might exist in the boiler enclo-
sure or other parts of the unit, where combustible mixtures
can accumulate under upset furnace conditions. These accu-
mulations could ignite with explosive force in the presence of
an ignition source.

2-2 Furnace Implosions.  

2-2.1 A furnace implosion results from the occurrence of
excessively low gas side pressure, which causes equipment
damage.

2-2.2 Causes of furnace implosions have included the follow-
ing conditions:

(a) Malfunction of the equipment regulating the boiler gas
flow, including air supply and flue gas removal, resulting
in furnace exposure to excessive induced draft fan head
capability

(b) Rapid decay of furnace gas temperatures and pressure
resulting from either a rapid reduction in fuel input or a
master fuel trip

2-2.3 A combination of the two conditions indicated in 2-2.2
has resulted in the most severe furnace implosion incidents.

2-3 Manufacture, Design, and Engineering.  

2-3.1 The purchaser or the purchaser’s agent shall, in cooper-
ation with the manufacturer, ensure that the unit is not defi-
cient in apparatus that is necessary for proper operation, so far
as practical, with respect to pressure parts, fuel-burning equip-
ment, air and fuel metering, and safe lighting and mainte-
nance of stable flame.

2-3.2 All fuel systems shall include provisions to prevent for-
eign substances from interfering with the fuel supply to the
burner.

2-3.3* An evaluation shall be made to determine the opti-
mum integration of manual and automatic safety features with
consideration of the advantages and disadvantages of each trip
function.

2-3.4 This standard necessitates a minimum degree of auto-
mation (see Section 5-4, 6-6.1.1, 7-6.1.1, or 8-6.1.1). The trend
toward more complex plants or increased automation shall
require additional provisions for the following:

(a) Information regarding significant operating events that
allow the operator to make a rapid evaluation of the oper-
ating situation. The operator shall be provided with con-
tinuous and usable displays of variables that allow the
operator to avoid unsafe conditions.

(b) In-service maintenance and checking of system functions
without impairment of overall control system reliability

(c) An environment conducive to proper decisions and
actions

2-3.5 The burner front piping and equipment shall be
designed and constructed so as to prevent the formation of
hazardous concentrations of combustible gases that exist
under normal operating conditions.
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2-3.6 On the basis of reported incidents and field tests, the
maximum negative furnace pressure is determined primarily
by the maximum head characteristic of the induced draft fan;
a major objective of the final design shall be to limit the max-
imum head capacity of draft equipment to that necessary for
satisfactory operation. Special consideration shall be given to
fan selection and arrangement of duct work to limit the effect
of negative head.

2-3.7 With scrubbers or other high draft loss equipment for
removing flue gas contaminants, a booster fan might be nec-
essary. A bypass or other appropriate means shall be provided
to counteract the potentially excessive negative pressure con-
ditions resulting from combining the suction heads of both
the induced draft fan and booster fan.

2-4 Installation.  

2-4.1 The boiler shall not be permitted to be operated before
the installation and check of the required safeguards and
instrumentation system.

2-4.2 The party responsible for the erection and installation
of the equipment shall ensure that all apparatus are installed
and connected properly.

2-4.3 The purchaser, the engineering consultant, the equip-
ment manufacturer, and the operating company shall avoid
boiler operation until such safeguards have been tested and
operated properly as a system. In some instances, it might be
necessary to install temporary interlocks and instrumentation
to meet these requirements. Any such temporary system shall
be reviewed by the purchaser, the engineering consultant, the
equipment manufacturer, and the operating company, and
agreement shall be reached on its suitability in advance of
start-up.

2-4.4 The safety interlock system and protective devices shall
be tested jointly by the organization responsible for the system
design and those who operate and maintain such a system and
devices during the normal operating life of the plant. After
installation, coordinated tests of all systems shall be accom-
plished before initial operation.

2-5 Coordination of Design, Construction, and Operation.  

2-5.1* Statistics indicate that human error is a contributing
factor in the majority of furnace explosions. It is important to
consider whether the error was a result of any of the following:

(a) Lack of understanding of, or failure to use, proper oper-
ating procedures, safeguards, and equipment

(b) Unfavorable operating characteristics of the equipment
or its control

(c) Lack of functional coordination of the various compo-
nents of the steam-generating system and its controls

2-5.2 Furnace explosions have occurred as a result of unfavor-
able functional design. The investigation frequently has
revealed human error and has overlooked the chain of causes
that triggered the operating error completely. Therefore, the
design, installation, and functional objectives of the overall
system of components and their controls shall be integrated.
Consideration shall be given to the existing ergonomics that
can affect operation of the system.

2-5.3 In the planning and engineering phases of plant con-
struction, the design shall be coordinated with the operating
personnel.

2-5.4 The proper integration of the various components con-
sisting of boiler, burner, fuel and air supply equipment, con-
trols, interlocks and safety devices, operator and maintenance
functions, and communication and training shall be the
responsibility of the operating company and shall be accom-
plished by the following:

(a) Design and operating personnel who possess a high
degree of competence in this field and who are mandated
to achieve these objectives

(b) Periodic analysis of the plant with respect to evolving
technology so that improvements can be made to make
the plants safer and more reliable

(c) Documentation of the plant equipment, the system, and
maintenance

2-6 Maintenance Organization.  A program shall be provided
for maintenance of equipment at intervals consistent with the
type of equipment, the service requirements, and the manu-
facturers’ recommendations.

2-7* Basic Operating Objectives.  

2-7.1 Basic operating objectives shall include the following:

(a) Establishment of operating procedures that result in a
minimum number of manual operations.

(b) Standardization of all operating procedures. The use
of interlocks is essential to minimize improper operating
sequences and to interrupt sequences when conditions are
not proper for continuation. It is particularly important that
purge and start-up procedures with necessary interlocks be
established and rigidly enforced. Sections 5-3, 6-5, 7-5, and 8-5
describe operating sequences that have proven effective.

(c)* Maintenance of airflow at or above purge rate during
all operations of the boiler using the open register light-off
procedure. (See 6-5.1.5, 7-5.1.5, or 8-5.1.5.)

2-7.2 Written operating procedures and detailed checklists
for operator guidance shall be provided for achieving these
basic operating objectives. All manual and automatic func-
tions shall be included.

2-7.3 Proper procedures shall be established for taking
appropriate and timely action, including reducing load, trip-
ping equipment, or calling for outside assistance in case of
emergency.

Chapter 3 Definitions

3-1 Definitions.  The following definitions shall apply for the
purposes of this standard.

Air, Excess.* Air supplied for combustion in excess of the-
oretical air.

Air, Furnace Purge. See Purge.

Air, Primary (Transport Air, Pulverizer Air). The air or flue
gas introduced into the pulverizer to dry the fuel and convey
the pulverized fuel to the burners.

Air, Seal. Air supplied to any device at pressure for the spec-
ified purpose of minimizing contamination.

Air, Secondary. The air for combustion supplied to the
burners by the forced draft fan.

Air, Tempering. Air at a lower temperature added to the
hot primary air or gas to modify its temperature.
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Air, Tertiary. The air supplied to certain types of burners
for cooling the burner metal or to improve the combustion
process.

Air, Theoretical (Stoichiometric Air). The chemically cor-
rect quantity of air needed for complete combustion of a given
quantity of a specific fuel.

Air/Fuel Ratio. A ratio of air to fuel supplied to a furnace.

Air-Rich. A ratio of air to fuel supplied to a furnace that
provides more than the minimum excess air needed for opti-
mum combustion of the fuel.

Alarm. An audible or visible signal indicating an off-stan-
dard or abnormal condition.

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

Annunciator. A device that indicates an off-standard or
abnormal condition by both visual and audible signals.

Approved.* Acceptable to the authority having jurisdic-
tion.

Atomizer. A device in a burner that emits liquid fuel in a
finely divided state.

Atomizer, Mechanical. A device in an oil burner that emits
liquid fuel in a finely divided state without using an atomizing
medium.

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

Authority Having Jurisdiction.* The organization, office, or
individual responsible for approving equipment, an installa-
tion, or a procedure.

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.

Boiler. A closed vessel in which water is heated, steam is
generated, or steam is superheated, or in which any combina-
tion thereof takes place by the application of heat from com-
bustible fuels, in a self-contained or attached furnace.

Boiler Control System. The group of control systems that
regulates the boiler process, including the combustion con-
trol but not the burner management.

Boiler Enclosure. The physical boundary for all boiler pres-
sure parts and the combustion process.

Burner. A device or group of devices for the introduction
of fuel and air into a furnace at the velocities, turbulence, and
concentration necessary to maintain ignition and combustion
of the fuel within the furnace.

Burner Management System. The control system dedicated
to boiler furnace safety and operator assistance in the starting
and stopping of fuel preparation and burning equipment and
for preventing misoperation of and damage to fuel prepara-
tion and burning equipment. The burner management sys-
tem includes the following functions specified in this
standard: interlock system, fuel trip system, master fuel trip
system, master fuel trip relay, flame monitoring and tripping
systems, ignition subsystem, and main burner subsystem.

Burner, Warm-Up (Warm-Up Gun). A burner, usually
smaller than the main burner, that is ignited by another igni-

tion source and is used to warm up the boiler. In cases where
it is used as an igniter, its classification shall be verified by test.

Coal. The general name for the natural, rock-like, brown-
to-black derivative of forest-type plant material. By subsequent
underground geological processes, this organic material is
compressed and indurated over time, ultimately becoming
graphite and graphite-like material. Coal contains carbon,
hydrogen, oxygen, nitrogen, and sulphur, as well as inorganic
constituents that form ash after burning. There is no fixed
standard for coal, but there is an endless variety with respect
to character and composition. The basic classifications for
coal are lignite, subbituminous, bituminous, and anthracite.
(See ASTM D 388, Standard Classification of Coals by Rank.)

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

Coal Fuel Trip. An event resulting in the rapid shutoff of all
coal fuel while other fuels being fired remain in service.

Combustion Control System. The control system that regu-
lates the furnace fuel and air inputs to maintain an air/fuel
ratio within the limits necessary for continuous combustion
and stable flame throughout the operating range of the boiler
in accordance with demand. This control system includes the
furnace draft control where applicable.

Damper, Primary Air Control. A controllable damper for
regulating the flow of primary air or pulverizer air.

Damper, Primary Air Shutoff. A tight-seating damper that
usually is located upstream from the primary air regulating
damper to prevent flow.

Damper, Tempering Air (Cold Air Damper). A damper
used to control tempering air.

Damper, Tight Shutoff. A close-fitting damper to minimize
leakage of air or flue gas into any system component.

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

Directional Blocking. An interlock that, upon detection of
significant error in furnace pressure, acts to inhibit the move-
ment of all appropriate final control elements in the direction
that increases the error.

Drip Leg. A chamber of ample volume, with suitable clean-
out and drain connections, into which gas is discharged so
that liquids and solids are trapped.

Exhauster, Pulverizer. See Fan, Exhauster.

Explosive Mixture. A flammable or combustible mixture in
a confined space.

Extension. An addition to the boiler system or additional
subsystems such as, but not limited to, air quality control.

Fan, Exhauster. A fan located at the pulverizer outlet used
to draw the pulverizer air through the pulverizer and to deliver
the air/fuel mixture to the burner(s) or other apparatus.

Fan, Primary Air. A fan used to supply coal transport air to
the pulverizer or to the burner lines of a storage system.

Fan, Seal Air. A fan used to supply sealing air.

Fan Test Block Capability. The point on the curve of the
head versus the flow characteristics at which the fan is
selected. This is the calculated operating point associated with
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the maximum continuous rating of the boiler furnace plus the
head and flow margins.

Feeder, Raw Fuel. A device for supplying a controllable
amount of raw fuel to the pulverizer.

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

Flame. The visible or other physical evidence of the chemi-
cal process of rapid conversion of fuel and air into products of
combustion.

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

Flame Detector, Self-Checking. A flame detector that auto-
matically, and at regular intervals, tests the entire sensing and
signal processing system of the flame detector. This ensures
that the failure of any single component cannot result in a
false indication of flame.

Flame Envelope. The confines (not necessarily visible) of
an independent process that converts fuel and air into prod-
ucts of combustion.

Fuel Cutback. An action of the combustion control system
that reduces fuel flow when the air/fuel ratio is less than that
of a prescribed value.

Fuel Gas. See LP-Gas and Natural Gas.

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

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

Fuel-Rich. A ratio of air to fuel supplied to a furnace that
provides less than the minimum excess air needed for opti-
mum combustion of the fuel.

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

Furnace Purge. See Purge.

Gas. See LP-Gas and Natural Gas.

Gas Fuel Trip. An event resulting in the rapid shutoff of all
gas fuel while other fuels being fired remain in service.

Gate, Raw Fuel (Gate, Silo; Gate, Bunker). A shutoff gate
between the raw-fuel bin and the raw-fuel feeder.

Grindability. The characteristic of solid fuel that indicates
its relative ease of pulverization (see ASTM D 409, Standard Test
Method for Grindability of Coal by the Hardgrove-Machine Method).
On the Hardgrove grindability scale, larger values (e.g., 100)
represent coals that are easier to pulverize; smaller values
(e.g., 40) represent coals that are more difficult to pulverize.

Header. A pipe or duct through which liquid or gas is con-
veyed and supplied to or received from multiple branches.

High Gas Pressure Switch. A pressure-actuated device
arranged to effect a safety shutdown or prevent starting when
the gas pressure exceeds the preset value.

High Oil Temperature Switch. A temperature-actuated
device that initiates a signal when the oil temperature rises
above the limits required to maintain the viscosity range rec-
ommended by the burner manufacturer.

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

Igniter, Class 1. An igniter applied to ignite the fuel input
through the burner and to support ignition under any burner
light-off or operating conditions. Its location and capacity are
such that it provides sufficient ignition energy (generally in
excess of 10 percent of full-load burner input) at its associated
burner to raise any credible combination of burner inputs of
both fuel and air above the minimum ignition temperature.
Class 1 igniters also are permitted to operate as Class 2 or Class
3 igniters.

Igniter, Class 2. An igniter applied to ignite the fuel input
through the burner under prescribed light-off conditions.
The range of capacity of such igniters generally is 4 percent to
10 percent of full-load burner fuel input.

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

Igniter, Class 3 Special. A special Class 3 high-energy elec-
trical igniter capable of directly igniting the main burner fuel.

Igniter Fuel Trip. An event resulting in the rapid shutoff of
all igniter fuel while other fuels being fired remain in service.

Inerting. The dilution of the oxygen content of an air/fuel
mixture through the addition of an inert gas or vapor to a
point where it is no longer explosive.

Interlock. A device or group of devices arranged to sense a
limit or off-limit condition or improper sequence of events
and to shut down the related equipment or to prevent pro-
ceeding in an improper sequence in order to avoid a hazard-
ous condition.

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
compliance with appropriate standards or performance in a
specified manner.

Listed.* Equipment, materials, or services included in a list
published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of prod-
ucts or services, that maintains periodic inspection of
production of listed equipment or materials or periodic eval-
uation of services, and whose listing states that either the
equipment, material, or service meets identified standards or
has been tested and found suitable for a specified purpose.

Logic System. The decision-making and translation ele-
ments of the burner management system.

(a) Hardwired Systems. Individual devices and interconnecting
wiring.

(b) Microprocessor-based Systems.

1. Computer hardware, power supplies, I/O devices,
and the interconnections among them

2. Operating system and logic software

Low Gas Pressure Switch. A pressure-actuated device
arranged to effect a safety shutdown or prevent starting when
the gas pressure is below the preset value.
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Low Oil Pressure Switch. A pressure-actuated device
arranged to effect a safety shutdown or prevent starting when
the oil pressure is below the preset value.

Low Oil Temperature Switch. A temperature-actuated
device that initiates a signal when the oil temperature falls
below the limits necessary to maintain the viscosity range rec-
ommended by the burner manufacturer.

Low Water Cutout. A device arranged to effect a master
fuel trip when the water level in the steam drum falls to a pre-
determined low level.

LP-Gas. A material composed predominantly of any of the
following hydrocarbons or their mixtures: propane, propy-
lene, normal butane, isobutane, and butylenes.

Master Fuel Trip.* An event resulting in the rapid shutoff
of all fuel, including igniters.

Master Fuel Trip Relay. An electromechanical relay(s) uti-
lized to trip all required equipment simultaneously.

Monitor. To sense and indicate a condition without initiat-
ing automatic corrective action.

Natural Gas. A gaseous fuel occurring in nature consisting
mostly of a mixture of organic compounds (normally meth-
ane, ethane, propane, and butane). The Btu value of natural
gases varies between 700 Btu/ft3 and 1500 Btu/ft3 (26.1 MJ/
m3 and 55.9 MJ/m3), with the majority averaging 1000 Btu/ft3

(37.3 MJ/m3).

Oil. See Fuel Oil.

Oil Fuel Trip. An event resulting in the rapid shutoff of all
oil fuel while other fuels being fired remain in service.

Open Flow Path. A continuous path for movement of an
airstream from the forced draft fan inlet to the stack.

Open Register. A procedure for purging and lighting off
a boiler under specified, controlled conditions. (See 6-5.1.5,
7-5.1.5, or 8-5.1.5.)

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

Outlet Draft. The flue gas pressure at the outlet of the last
convection pass of the boiler.

Override Action, Fan. A control that, upon detection of sig-
nificant error in furnace pressure, acts to reposition the
induced draft fan control device(s) in a direction to reduce
the error.

Partial Loss of Flame. Loss of flame at any of the separate
flame envelopes or burners while flame is maintained at any of
the other flame envelopes or burners.

Prove. To establish by measurement or test the existence of
a specified condition, such as flame, level, flow, pressure, or
position.

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

Purge. A flow of air through the furnace, boiler gas pas-
sages, and associated flues and ducts that effectively removes
any gaseous or suspended combustibles and replaces them
with air. Purging also can be accomplished using an inert
medium.

Purge Rate, Coal. A constant flow of not less than 25 per-
cent nor more than 40 percent of the full-load mass airflow.

Purge Rate, Gas/Oil. A constant flow of not less than 25
percent of the full-load mass airflow.

Register. A set of dampers for a burner or air supply system
to a particular burner used to distribute the combustion air
admitted to the furnace. It also might control the direction
and velocity of the airstream for efficient mixing with the
incoming fuel.

Repair. A process that returns the boiler system or sub-
system to its original design specifications or criteria.

Repeatability. The ability of a device to maintain a constant
set point characteristic.

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.

Separator, Filter, Scrubber. A device incorporated in the
main fuel supply line that effectively separates foreign liquids
or solids from the fuel.

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

Shall. Indicates a mandatory requirement.

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

Stable Flame. A flame envelope that retains its continuity
throughout the maximum rate of change within the operating
range of the boiler.

Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix, footnote, or fine-print note and are not to be con-
sidered a part of the requirements of a standard.

Start-Up Combustion Control System. A control system
used to regulate and maintain proper air/fuel ratio during the
start-up period where the customary indexes, such as pressure,
temperature, load, or flow, that motivate the normal auto-
matic combustion control system are not available or suitable.

Supervise. To sense a condition needing attention and
automatically initiate corrective action.

Supervised Manual System. A system in which a trained
operator has primary responsibility for the proper start-up,
operation, and normal shutdown of a boiler with interlocks to
ensure that the operation follows established procedures.

Unit. The confined spaces of the furnace and the associ-
ated boiler passes, ducts, and fans that convey the gases of
combustion to the stack.

Unit Purge. Air at purge rate that is flowed through the unit
from the forced draft (FD) fan through the stack for (1) a
period of not less than 5 minutes or (2) five changes in volume
of the boiler enclosure, whichever is longer.

Valve, Barrier. A valve, not necessarily dusttight, used to
inhibit furnace gases from traveling back into any system com-
ponent open for inspection or maintenance.

Valve, Charging. A small valve bypassing the main safety
shutoff valve used for purging and charging the fuel headers
and piping and for testing for leaks.
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Valve, Check. A valve used to prevent reverse flow.

Valve, Dusttight. A tight-seating valve installed in the fuel
supply pipe to the burner to allow or stop flow.

Valve, Flow Control. A valve capable of regulating quantity
of through-put to a controlled range.

Valve, Safety Shutoff (Fuel Trip Valve). A fast-closing valve
that automatically and completely shuts off the fuel supply to
main burners or igniters in response to a fuel trip.

Valve, Supervisory Shutoff. A manually operated shutoff
valve with a means to provide a “valve closed” position signal.

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

Chapter 4 Equipment Requirements

4-1 Furnace Structural Design.  

4-1.1* The furnace shall be capable of withstanding a tran-
sient design pressure without permanent deformation due to
yield or buckling of any support member. (See Section 5-1.)

4-1.1.1 The positive transient design pressure shall be at least,
but shall not be required to exceed, (+) 35 in. (+8.7 kPa) of
water.

Exception: If the test block capability of the forced draft fan at ambient
temperature is less positive than (+) 35 in. (+8.7 kPa) of water, the
positive transient design pressure shall be at least, but shall not be re-
quired to exceed, the test block capability of the forced draft fan.

4-1.1.2 The negative transient design pressure shall be at least
as negative as, but shall not be required to be more negative
than, (−) 35 in. (−8.7 kPa) of water.

Exception: If the test block capability of the induced draft fan at am-
bient temperature is less negative than (−) 35 in. (−8.7 kPa) of water
[e.g., (−) 27 in. (−6.72 kPa) of water], the negative transient design
pressure shall be at least as negative as, but shall not be required to be
more negative than, the test block capability of the induced draft fan.

4-1.2 The induced draft fan head capability increases due to
significant draft losses beyond the air heater or for other rea-
sons such as excessive induced draft fan test block margins.
Where the induced draft fan test block capability is more neg-
ative than (−) 35 in. (−8.7 kPa) of water, consideration shall be
given to an increased negative design pressure.

4-1.3 Combustion Products Removal Subsystem. The tran-
sient internal design pressure defined in 4-1.1 shall be taken
into consideration in the design of the air and gas flow path
from the FD fan discharge through the stack.

4-2 Functional Requirements of Fuel-Burning System.  

4-2.1 The fuel-burning system shall function to convert con-
tinuously any ignitable furnace input into unreactive products
of combustion at the same rate that the fuel(s) and air reac-
tants enter the furnace.

4-2.2 The fuel-burning system shall be sized properly, ade-
quate to meet the operating requirements of the unit, compat-
ible with other boiler component systems, and capable of
being controlled for the full operating range of the unit.

4-2.3 System Requirements.

4-2.3.1 The fuel-burning system shall provide means for
proper start-up, operation, and shutdown of the combustion
process. This shall include appropriate openings and configu-
rations in the component assemblies to allow suitable observa-
tion, measurement, and control of the combustion process.

4-2.3.2 The fuel-burning system consists of the boiler enclo-
sure and the following subsystems: air supply, raw coal, pulver-
izer, fuel supply, main burner, atomizing, ignition, and
combustion products removal. Each shall be sized and inter-
connected to satisfy the following requirements:

(a) Boiler Enclosure.

1. The boiler enclosure shall be sized and arranged with
respect to the main burner subsystem so that fuels can
be fired to maintain stable flame.

2. The boiler enclosure shall be free from “dead pock-
ets” where prescribed purge procedures are followed.

3. Observation ports shall be provided to allow inspec-
tion of the furnace and burners.

(b) Air Supply Subsystem.

1. The air supply equipment shall be sized and arranged
to ensure a continuous airflow adequate for all oper-
ating conditions on the unit.

2. The arrangement of air inlets, duct work, and air pre-
heaters shall minimize contamination of the air supply
by such materials as flue gas, water, and fuel(s). Appro-
priate drain and access openings shall be provided.

3. The air supply equipment shall be capable of continu-
ing the proper airflow during anticipated furnace
pressure pulsations.

(c) Raw Coal, Pulverizer, Fuel Supply, Main Burner, and Atomizing
Subsystems. See Sections 6-3, 7-3, and 8-3 for information
on these subjects.

(d) Ignition Subsystem.

1. The ignition subsystem shall be sized and arranged to
ignite the main burner input within the limitation of
the igniter classification. It shall be tested to verify
that the igniters furnished meet the requirements of
the class specified in the design. Igniters shall be des-
ignated as Class 1, Class 2, or Class 3 as defined in
Chapter 3 and as verified by test. Many factors affect
the classification of the igniters, including the charac-
teristics of the main fuel, the furnace and the burner
design, and the igniter capacity and location relative
to the main fuel burner.

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

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 to the furnace in the event that igni-
tion does not occur during light-off. They shall not be
used to ignite the main fuel under uncontrolled or
abnormal conditions.

4. 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. This practice ensures that the main flame is
not dependent on ignition support from the igniter.
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5. Class 2 igniters shall not be used to extend the turn-
down range but shall be permitted to be used to sup-
port ignition under low-load or adverse operating
conditions.

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

7. Class 3 special igniters shall not be used unless super-
vision of the individual main burner flame is provided.

Exception: Class 3 special igniters shall be permitted to be used with-
out supervision of the individual main burner flame while scavenging
the main burner.

8. Where Class 1 and Class 2 igniters are used, the tests
described in 6-3.2.2, 7-3.2.2, and 8-3.3.2 also shall be
performed with the ignition subsystem in service to
verify that the igniters furnished meet the require-
ments of the class specified in the design. The resulting
extended turndown range shall be available where
Class 1 igniters are in service and flame is proved.

9. Tests shall be performed to determine transient limits in
the ignition air and fuel supplies or in the main air and
fuel supplies that do not extinguish the igniter flame or
reduce the igniter’s ability to perform its intended func-
tion or adversely affect other burners and igniters in
operation. (See also 6-3.2.2, 7-3.2.2, and 8-3.3.2.)

10. Igniters shall be permanently installed. They shall be
supervised to verify that the requirements of 4-2.3.2(d)1
and 4-2.3.2(d)2 are met. This supervision shall include
igniter capacity and individual igniter flame monitor-
ing. The capacity shall be measured by igniter header
pressure as a minimum.

11. The ignition equipment shall be located in an appro-
priate environment with convenient access for main-
tenance.

12. All igniter safety shutoff valves shall be located as
close as practicable to igniters to minimize the vol-
ume of fuel that is downstream of the valve in the indi-
vidual igniter fuel lines or that could flow by gravity
into the furnace after an emergency shutdown or
burner shutdown.

(e) Combustion Products Removal Subsystem.

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.

2. Convenient access and drain openings shall be
provided.

3. The flue gas ducts shall be designed so that they do
not contribute to furnace pulsations.

4. Components common to more than one boiler shall
not limit the rate of removal of products of combus-
tion generated during the operation of all boilers.

4-3 Burner Management System Logic.  The intent of this sec-
tion is to provide guidance in the use of logic systems in
burner management.

4-3.1 General Requirements. A logic system provides outputs
in a particular sequence in response to external inputs and
internal logic. The logic system for burner management shall
be designed specifically so that a single failure in that system
does not prevent an appropriate shutdown.

4-3.2* Specific Requirements. As a minimum, the require-
ments of 4-3.2.1 through 4-3.2.4 shall be in the design to
ensure that a logic system for burner management meets the
intent of these standards. Alarms shall be generated to indi-
cate equipment malfunction, hazardous conditions, and mis-
operation. The primary concern is to alarm conditions that
pose a threat of impending or immediate hazards.

4-3.2.1 Failure Effects. The logic system designer shall evalu-
ate the failure modes of components when considering the
design application of the system. As a minimum, the following
failures shall be evaluated and addressed:

(a) Interruptions, excursions, dips, recoveries, transients,
and partial losses of power

(b) Memory corruption and losses
(c) Information transfer corruption and losses
(d) Inputs and outputs (fail-on, fail-off)
(e) Signals that are unreadable or not being read
(f) Failure to address errors
(g) Processor faults
(h) Relay coil failure
(i) Relay contact failure (fail-on, fail-off)
(j) Timer failure

4-3.2.2 Design.

4-3.2.2.1 Diagnostics shall be included in the design to moni-
tor processor logic function.

4-3.2.2.2 Logic system failure shall not preclude proper oper-
ator intervention.

4-3.2.2.3 Logic shall be protected from unauthorized
changes.

4-3.2.2.4 Logic shall not be changed while the associated
equipment is in operation.

4-3.2.2.5 System response time (throughput) shall be suffi-
ciently short to prevent negative effects on the application.

4-3.2.2.6 Protection from the effects of noise shall be ade-
quate to prevent false operation.

4-3.2.2.7 No single component failure within the logic sys-
tem shall prevent the actions required by 6-5.2.5, 7-5.2.5, and
8-5.2.5 for the mandatory master fuel trips.

4-3.2.2.8 The operator shall be provided with a dedicated
manual switch(es) that shall actuate the master fuel trip relay
independently and directly.

4-3.2.3 Requirement for Independence.

4-3.2.3.1 The logic system performing the safety functions for
burner management shall not be combined with any other
logic system.

4-3.2.3.2 These burner management safety functions shall
include, but shall not be limited to, proper purge interlocks
and timing, mandatory safety shutdowns, trial timing for igni-
tion, and flame monitoring.

4-3.2.3.3 The logic system shall be limited to one boiler only.

4-3.2.3.4 The burner management system shall be provided
with independent logic, independent input/output systems,
and independent power supplies and shall be functionally and
physically separate from other logic systems (e.g., boiler con-
trol system).
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4-3.2.3.5 The same hardware type used for burner management
systems shall be permitted to be used for other logic systems.

4-3.2.3.6 Data highway communications between the burner
management system and other systems shall be permitted. Sig-
nals that initiate mandatory master fuel trips shall be hardwired.

4-3.2.4 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). No logic
sequence or device shall be permitted that allows momentary
closing and subsequent inadvertent reopening of the main or
ignition fuel valves.

4-4 Flame Monitoring and Tripping Systems.  See Sections
6-4, 7-4, and 8-4 for additional requirements concerning
flame detection associated with a specific fuel.

4-4.1 Functional Requirements. The basic requirements of
any flame monitoring and tripping system shall be as follows:

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

(b) An emergency shutdown of the involved equipment shall
be automatically initiated upon detection of serious com-
bustion problems likely to lead to the accumulation of
unburned fuel.

4-4.2 Flame Detection.

4-4.2.1 Flame Detector Sighting. The use of flame detector
sighting shall be considered in the initial furnace design. 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.

4-4.2.2 Clean Air Supply. Clean air, where necessary, shall be
supplied in order to minimize problems with dirty detector
lenses.

4-4.2.3 Self-Checking of Flame Detectors. Where flame-sens-
ing detectors can fail in the flame-proven mode, self-checking
features shall be provided.

4-4.2.4 Reduced Emissions Control Effects. Methods and
equipment used to reduce the emission of air pollutants can
affect the burner flame, selection of the flame detector, and
location/sighting of the flame detector. (See A-6-5.2.1.3.)

4-4.3 System Objectives. System objectives shall be devel-
oped with due consideration given to those requirements that
are specifically related to the combustion conditions that are
typical for particular furnace configurations, burner systems,
and fuel characteristics. Such objectives shall be consistent
with the individual manufacturer’s design philosophy.

4-5 Combustion Control System.  

4-5.1 Functional Requirements.

4-5.1.1 The combustion control system shall regulate the fuel
and air inputs into the furnace to maintain the air/fuel ratio
within a range that shall assure continuous combustion and
stable flame under all operating conditions.

4-5.1.2 The furnace draft control shall be coordinated with
the combustion control system.

4-5.1.3 Equipment shall be provided and procedures shall be
established to maintain the air/fuel ratio within design limits
at each burner. The equipment or procedures shall not be
required to be a part of the combustion control system.

4-5.2 System Requirements.

4-5.2.1 Under no circumstances shall the airflow demand be
less than the purge rate.

4-5.2.2 The fuel demand shall not increase the fuel input(s)
above the available airflow.

4-5.2.3 Airflow demand shall not reduce airflow below that
required by the actual fuel input(s).

4-5.2.4 The fuel demand shall not exceed the capability of the
operating draft fans. Should the loss or shutdown of a draft fan
cause 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.

4-5.2.5 Measurements used in the combustion control system
shall be sufficiently accurate and reproducible to maintain sta-
ble firing conditions. Pressure, temperature, density, and/or
viscosity corrections shall be employed, as applicable, to meet
this requirement.

4-5.2.6 When multiple fuels are fired, the fuel inputs shall be
totalized on the basis of their relative heat values.

4-5.2.7 The total heat input to a given burner or furnace zone
shall not exceed the maximum limits specified by the boiler
manufacturer.

4-5.2.8 Means shall be provided to enable the operator to
adjust the air/fuel ratio. The span of the adjustment shall be
appropriate to the fuel(s) being fired. Consideration shall be
given to continuous on-line analysis of the oxygen, combusti-
bles, and carbon monoxide content of the flue gas stream for
use as an operating guide and for control.

4-5.2.9 The equipment selection and the design of the combus-
tion control system shall facilitate the on-line calibration, test-
ing, and maintenance requirements described in Chapter 9.

4-5.3 Permissives.

4-5.3.1 Any logic commands from the burner management sys-
tem shall take precedence over the combustion control system.

4-5.3.2 Where applicable, automatic control of airflow shall
not be permitted unless the furnace draft control is main-
tained in automatic control.

4-5.3.3 Automatic control of the fuel input(s) shall not be per-
mitted unless the airflow is maintained in automatic control.

4-5.3.4 The combustion control system shall not reduce the
coal feed to a pulverizer below the minimum value established
by the pulverizer manufacturer.

4-5.3.5 The combustion control system shall neither automat-
ically increase nor decrease a fuel input beyond the burner
operating range as determined by the manufacturer and veri-
fied by operating test.

4-6 Power Supplies.  All reasonable precautions shall be
taken to ensure the availability of a failure-free power supply
(electric or pneumatic) to all control and safety devices.

4-7 Operating Information.  As a minimum, continuous
trend display of boiler output, feed water flow rate, total fuel
flow rate, and total airflow rate as a percentage of the maxi-
mum unit load plus drum level, final steam temperature, main
steam pressure, and furnace draft shall be provided simulta-
neously at the operating location. (See 2-3.4, 2-5.2, and 2-5.4.)
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Chapter 5 Furnace Implosion Protection

5-1* General.  This chapter prescribes methods for minimiz-
ing the risks of negative furnace draft in excess of furnace
structural capability. Consideration shall be given to one or
both of the following methods:

(a) The furnace and flue gas removal system shall be
designed so that the maximum head capability of the induced
draft fan system with ambient air does not exceed the design
pressure of furnace, ducts, and associated equipment. This
design pressure shall be defined the same as the wind and seis-
mic stresses of the American Institute of Steel Construction
Manual of Steel Construction, Section A5.2.

(b) A furnace pressure control system shall be provided in
accordance with Section 5-2, and furnace design shall be in
accordance with Section 4-1.

5-2 Furnace Pressure Control Systems (Implosion Protection).  

5-2.1 Functional Requirements. The furnace pressure con-
trol system shall control the furnace pressure at the desired set
point in the combustion chamber.

5-2.2 System Requirements. See Figure 5-2.2.

Figure 5-2.2 System requirements.

5-2.2.1 The furnace pressure control subsystem (A), as shown
in Figure 5-2.2, shall position the draft regulating equipment
to maintain furnace pressure at the desired set point.

5-2.2.2 The control system, as shown in Figure 5-2.2, shall
include the following features and functions:

(a) Three furnace pressure transmitters (B) in an auctioneered,
median-select system, each on a separate pressure-sensing
tap and suitably monitored (C) to minimize the possibility of
operating with a faulty furnace pressure measurement.

(b) A feed-forward demand signal (D), representative of
boiler airflow demand. This shall be permitted to be a fuel
flow signal, a boiler-master signal, or other suitable index
of demand but shall not be a measured airflow signal.

(c) An override action or directional blocking (E) on large
furnace draft errors introduced after the auto/manual
transfer station (F).

(d) A feed-forward action (G) initiated by a master fuel trip
to minimize the pressure excursions, introduced after the
auto/manual transfer station (F).

(e) Axial fans, where used, shall be operated in such a man-
ner as to avoid a stall condition in order to prevent uncon-
trolled changes in airflow or flue gas flow.

5-2.3 Component Requirements. The furnace pressure con-
trol element(s) (see H in Figure 5-2.2) (draft fan inlet damper
drive, blade pitch control, speed control) shall meet the fol-
lowing criteria:

(a) The operating speed shall not exceed the control sys-
tem’s sensing and positioning capabilities in order to avoid
undesirable hunting and overshooting of automatic control.
Excessive speed can create damaging negative pressure tran-
sients downstream. Excessive speed also might be unsuitable
for manual control.

(b) The operating speed of the draft control equipment
shall not be less than that of the airflow control equipment.

(c) Special consideration shall be given to the design of
the furnace draft control system to ensure a satisfactory rate of
response with variable speed and axial fans.

5-3 Sequence of Operations Requirements.  

5-3.1 The purpose of sequencing requirements is to ensure
that the operating events occur in the proper order, not to pro-
vide fan operating procedures. The proper fan start-up and
shutdown procedures as defined by manufacturers, engineer-
ing consultants, and operating companies shall be coordinated
with the operating procedures specified in this chapter and in
the related chapters applicable to the fuel being fired as follows:

(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8

5-3.2 An open flow path from the inlet of the forced draft fans
through the stack shall be ensured under all operating condi-
tions. Where the system design does not permit the use of fully
open air paths, the minimum open area air paths shall be not
less than that required for purge airflow requirements with
fans in operation.

(a) The following requirements shall apply:

1.*On installations with multiple induced draft or forced draft
fans, all fan flow control devices and shutoff dampers shall
be opened in preparation for starting the first induced
draft fan. In addition, sufficient isolating dampers, wind-
box dampers, air registers, and other control dampers shall
be opened to ensure an open flow path from the forced
draft fan inlet through the furnace, the induced draft fans,
and the stack. Unless an open flow path is provided by
other means, provision of the open path shall be ensured
while starting the first induced draft and forced draft fan.
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demand signal

(D) (A) (B)

Furnace pressure
control subsystem

Three furnace
pressure
transmitters

(C)
Transmitter
monitoring
system

(F)
Auto/manual
transfer station

(G)
Feed-forward
action from
master fuel trip

(E)

Fan override action
or directional
blocking on large
furnace draft error

(H)
Draft regulating
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2. On installations with a single induced draft fan or forced
draft fan, the induced draft fan’s associated control devices
and shutoff dampers shall be permitted to be closed as
required during the fan’s start-up. The forced draft fan’s
associated flow control devices and shutoff dampers shall
be brought to the position that ensures acceptable starting
current for the fan’s start-up and then shall be brought to
the position for purge airflow during fan operation.

(b)*Within the limitations of the fan manufacturers’ recom-
mendations, all flow control devices and shutoff dampers on
idle fans shall remain open until the first induced draft fan and
first forced draft fans are in operation while maintaining fur-
nace pressure conditions and indication of an open flow path.

(c) The practice of operating with excess induced draft
fan capability in relation to either forced draft fan capability
or boiler load shall be prohibited.

5-3.3 The sequence for starting and stopping fans under all
conditions shall be as follows:

(a) An induced draft fan is started and followed by the start
of a forced draft fan. Succeeding induced draft and
forced draft fans shall be started in accordance with 5-3.4.

(b) Shutdown procedures shall be the reverse of those speci-
fied in 5-3.3(a).

5-3.4 Where starting and stopping fans, the methods
employed and the manipulation of the associated control ele-
ments shall minimize furnace pressure and airflow excursions.
The furnace pressure control subsystem shall be placed and
maintained on automatic control as soon as practicable.

5-3.5 Following shutdown of the last fan due to any cause, the
opening of fan dampers shall be delayed or controlled to
avoid excessive positive or negative furnace pressure tran-
sients during fan coast-down.

5-4 Interlock System Functional Requirements.  The func-
tional requirements for interlock systems specified in the
chapter for the fuel being fired shall be as follows:

(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8

5-4.1 System Requirements.

5-4.2 It is possible to achieve conditions conducive to a fur-
nace implosion that cannot be detected by any of the manda-
tory automatic-trip devices, even though such devices are
properly adjusted and maintained; therefore, operating per-
sonnel shall be made aware of the limitations of the automatic
protection system.

5-4.3 The following interlocks shall be provided:

(a) High Furnace Pressure.

1. The master fuel trip shall be activated when the furnace
pressure exceeds the normal operating pressure by a value
recommended by the manufacturer. If fans are operating
after the trip, they shall be continued in service. The air-
flow shall not be increased by deliberate manual or auto-
matic control actions.

2. Before main fuel firing and following a five-minute period
after a master fuel trip (furnace post-purge), forced draft
fans shall be tripped if the furnace pressure exceeds the
normal operating pressure by a value recommended by the
manufacturer.

(b) High Furnace Draft (Balanced-Draft Units).

1.*The master fuel trip (not necessarily automatic) shall be
activated when the furnace negative pressure exceeds the
normal operating pressure by a value recommended by the
manufacturer. If fans are operating after the trip, they shall
be continued in service. The airflow shall not be increased
by deliberate manual or automatic control actions.

2. Before the main fuel firing and following a master fuel trip,
all induced draft fans shall be tripped if furnace negative
pressure exceeds the normal operating pressure by a value
recommended by the manufacturer. A short time delay
shall be permitted to allow for the negative pressure tran-
sients due to loss of the main flame. The value of the nega-
tive pressure at which this trip is activated shall be greater
than that specified in 5-4.3(b)1.

(c) Loss of Forced Draft Fans.

1. An interlock to prove that each forced draft fan is running
and capable of providing the required flow shall be pro-
vided. Loss of such proofs shall initiate appropriate loss of
forced draft fan interlocks. Variable speed and axial flow
fans might require special provisions.

2. Associated damper(s) shall be closed on loss of an individ-
ual forced draft fan, unless it is the last forced draft fan in
service.

3. Where an interlock system is provided to start, stop, and
trip induced draft fans and forced draft fans in pairs, the
associated induced draft fan shall be tripped on loss of an
individual forced draft fan, and the dampers associated
with both fans shall be closed, provided they are not the last
fans in service. If they are the last fans in service, the
induced draft fan shall remain in controlled operation,
and the dampers associated with the forced draft fan shall
remain open.

4. A master fuel trip shall be initiated on loss of all forced
draft fans. All forced draft fan dampers shall be opened
after a time delay to avoid high duct pressure during fan
coast-down. Dampers shall remain open. Gas recirculation
fan system dampers shall be closed.

(d) Loss of Induced Draft Fans.

1. An interlock to prove each induced draft fan is running
and capable of providing the required flow shall be pro-
vided. Loss of such proofs shall initiate appropriate loss of
induced draft fan interlocks. Variable speed and axial flow
fans might require special provisions.

2. Associated damper(s) shall be closed on loss of an individ-
ual induced draft fan, unless it is the last induced draft fan
in service.

3. Where an interlock system is provided to start, stop, and
trip induced draft fans and forced draft fans in pairs, the
associated forced draft fan shall be tripped on loss of an
individual induced draft fan, and the dampers associated
with both fans shall be closed, provided they are not the last
fans in service. If they are the last fans in service, the damp-
ers associated with both fans shall remain open.

4. A master fuel trip shall be initiated on loss of all induced
draft fans. All forced draft fans shall be tripped. All
induced draft fan dampers shall be opened after a time
delay to avoid high draft during fan coast-down. Damp-
ers shall remain open and fans shall be started in accor-
dance with 5-3.2 through 5-3.4. Gas recirculation fan
system dampers shall be closed.
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(e) Multiple and Variable Speed Fans. On start of the second
fan and subsequent fan(s), whether the forced draft or
induced draft type, the fan shall be capable of delivering air-
flow before opening its damper(s).

5-5 Alarm System.  

5-5.1 Functional Requirements. The functional require-
ments for alarm systems specified in the chapter for the fuel
being fired shall be as follows:

(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8

5-5.2 System Requirements. In addition to the alarms
required in 5-5.1, the following separately annunciated alarms
shall be provided:

(a) Initiation of directional blocking or override action
(b) Redundant transmitter malfunctions within the furnace

pressure control system
(c) Axial flow fan, if used, nearing stall line

Chapter 6 Fuel Gas Systems

6-1 General.  This chapter contains the additional require-
ments to be followed where burning fuel gas.

6-2 Gas Firing — Special Problems.  Common hazards are
involved in the combustion of solid, liquid, and gaseous fuels.
Each of these fuels has special hazards related to its physical
characteristics. The following factors shall be considered in
the design of the firing systems:

(a) Gas is colorless; therefore, a leak usually cannot be
detected visually. In addition, detection of a gas leak by means
of odor is unreliable.

(b) Potentially hazardous conditions are most likely to
occur within buildings, particularly where the gas piping is
routed through confined areas. In the latter situation, ade-
quate ventilation shall be provided. Outdoor boilers tend to
minimize confined area problems.

(c)*The nature of fuel gas makes it possible to experience
severe departures from proper air/fuel ratios without any visi-
ble evidence at the burners, furnace, or stack that could esca-
late into a progressively worsening condition. Therefore,
combustion control systems that respond to reduced boiler
steam pressure or steam flow with an impulse for more fuel,
unless protected or interlocked to prevent a fuel-rich mixture,
shall be considered potentially hazardous. This also shall apply
to manual firing without the above-mentioned interlocks or
alarms. (See Sections 6-3, 6-4, and 6-5 for requirements to avoid such
hazards.)

(d) Natural gas can be either “wet” or “dry.” A wet gas usu-
ally implies the presence of distillate, which can be character-
istic of a particular source. In the case of such a wet gas, the
carryover of distillate into the burners could result in a
momentary flameout and possible reignition. Reignition
could result in a furnace explosion. Therefore, special precau-
tions shall be taken with wet gas supply systems. (See NFPA 54,
National Fuel Gas Code.)

(e) Widely different characteristics of gas from either a sin-
gle source or multiple sources could result in a significant

change in Btu input rate to the burners without an equivalent
change in airflow.

(f) Discharges from relief valves or from any other form of
atmospheric vents can become hazardous unless special pre-
cautions are taken.

(g) Maintenance and repair of gas piping can be hazard-
ous unless proper methods are used for purging and recharg-
ing the line before and after making repairs. (See NFPA 54,
National Fuel Gas Code.)

(h) Where firing oil, the operation of air heater sootblowers
shall be in accordance with the recommendations of the air
heater manufacturer. Initial firing of fuel oil in a cold boiler can
create a special hazard by causing fires in air heaters.

6-3 System Requirements.  

6-3.1 Fuel Supply Subsystem, Fuel Gas. See Figures A-6-5.1.2(a)
and (b).

6-3.1.1 The fuel supply equipment shall be sized and
arranged to ensure a continuous fuel flow adequate for all
operating requirements of the unit. This shall include coordi-
nation of the main fuel control valve, burner safety shutoff
valves, and associated piping volume to ensure against fuel
pressure transients that might result in exceeding burner lim-
its for stable flame as a result of placing burners in service or
taking them out of service.

6-3.1.2 The portion of the fuel supply system outside of the
boiler room [see Figure A-6-5.1.2(b)] shall be arranged to pre-
vent excessive fuel gas pressure in the fuel-burning system,
even in the event of failure of the main supply constant fuel
pressure regulator(s). This usually can be accomplished by
providing full relieving capacity that is vented to a safe loca-
tion. Where full relieving capacity is not installed, a high gas
pressure trip shall be provided.

6-3.1.3 The fuel supply equipment shall be designed to
inhibit fuel contamination. Convenient access to important
fuel system components shall be provided. Drains shall be pro-
vided at low points in the piping.

6-3.1.4 The fuel supply equipment shall be capable of con-
tinuing the proper fuel flow during anticipated furnace pres-
sure pulsations.

6-3.1.5 The fuel supply equipment shall be designed with
careful consideration of operating environment and ambient
conditions. The piping might be required to withstand severe
external conditions such as fire or mechanical damage.

6-3.1.6* Positive means to prevent leakage of gas into an idle
furnace shall be provided. Any line to a burner or igniter shall
include provisions to vent the piping upstream of the last shut-
off valve.

6-3.1.7 Periodic tightness tests of the main safety shutoff
valves, individual burner safety shutoff valves, and associated
vent valves shall be performed. Provisions shall be made in the
gas piping to allow for permanent and ready means for mak-
ing easy, accurate leak tests and subsequent repairs.

6-3.1.8 The discharge from atmospheric vents shall be located
so that there is no possibility of the discharged gas being
drawn into the air intake, ventilating system, or windows of the
boiler room or adjacent buildings and shall be extended suffi-
ciently above the boiler and adjacent structures so that gas-
eous discharge does not present a fire hazard.
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6-3.1.9* Manifolding of Vents. Manifolding of all vents shall
be permitted.

Exception No. 1: Burner vents shall not be manifolded with igniter
vents.

Exception No. 2: Header vents shall be manifolded only with other
header vents.

Exception No. 3: Vents of headers being served from different pressure
reducing stations shall not be manifolded.

Exception No. 4: Vent systems of different boilers shall not be mani-
folded.

Exception No. 5: Vents of systems operating at different pressures shall
not be manifolded.

Exception No. 6: Vents of systems using different fuel sources shall not
be manifolded.

6-3.1.10 Gas piping material and system design shall be in
accordance with NFPA 54, National Fuel Gas Code (for gas piping
inside industrial and institutional buildings) or ANSI B31.1,
Power Piping (for pressure piping-power piping as applicable).

6-3.2 Main Burner Subsystem.

6-3.2.1* The main burner subsystem shall be designed so that
the burner inputs are supplied to the furnace continuously and
within their stable flame limits. Variations in the burning charac-
teristics of the fuel, and in the normal variations in fuel-handling
equipment and fuel-burning equipment, introduce unreliability
to the lower operating limits of the main fuel subsystem in any
given furnace design. In these circumstances, Class 1 or Class 2
igniters, as demonstrated by test, shall be permitted to be used to
maintain stable flame. [See 4-2.3.2(d)1 and 6-3.2.2.]

6-3.2.2 The limits of stable flame for each burner subsystem
producing a separate flame envelope shall be determined by
tests without the ignition subsystem in service. These tests shall
verify that transients generated in the fuel and air subsystems
do not affect the burners adversely during operation. Such
transients are generated by means such as burner shutoff
valves and dampers that operate at speeds faster than the
speed of response of other components in the system. These
tests shall include the expected range of available fuels.

6-3.2.3 Each main burner or burners in combination shall
provide enough system resistance or damping to the fuel and
airflow to override anticipated furnace pulsations and main-
tain stable combustion.

6-3.2.4 Provisions shall be made for visual observation of con-
ditions at the burner ignition zone. Additional provisions shall
be made for flame detection equipment.

6-3.2.5 The burner equipment shall be located in an appro-
priate environment with convenient access for maintenance.
Special recognition shall be given to the fire hazards imposed
by leakage or rupture of piping near the burner. The require-
ments of good housekeeping shall be followed.

6-3.2.6 All burner safety shutoff valves shall be located as close
to the burner as practicable to minimize the volume of fuel left
downstream of the burner valves in the burner lines.

6-4 Flame Monitoring and Tripping System.  

6-4.1 Each burner shall be supervised individually. Upon
detection of loss of a burner flame, that individual burner
safety shutoff valve(s) shall be automatically closed.

6-4.1.1 Where Class 1 igniters are provided, the main burner
flame shall be proven either by the flame scanner or by the
igniter being proven. At least one flame detector shall be pro-
vided for each burner to detect the burner flame or igniter
flame where a Class 1 igniter is provided.

6-4.1.2 Burners with Class 2 igniters shall have at least two
flame detectors. One detector shall be positioned to detect the
main burner flame and shall not detect the igniter flame. The
second detector shall be positioned to detect the igniter flame
during prescribed light-off conditions.

6-4.1.3 Burners with Class 3 igniters shall have at least one
flame detector. The detector shall be positioned to detect the
igniter flame. It also shall detect the main burner flame after
the igniter is removed from service at the completion of the
main burner trial for ignition.

6-4.2 Upon detection of loss of all flame in the furnace or par-
tial loss of flame to the extent that hazardous conditions could
develop, a master fuel trip shall be automatically initiated. [See
6-6.3.1.1(d)6.]

6-4.3 It is recognized that any fuel input that does not ignite
and burn on a continuous basis creates a hazard. Regardless of
the number or pattern of flame loss indications used for trip-
ping, loss of flame indication on an operating burner or
“flame envelope” shall initiate an alarm that warns the opera-
tor of potential hazard.

6-4.4 Field testing shall be required to validate basic flame trip-
ping concepts. These tests shall be performed on representative
units. The results of these tests shall be permitted to be applied
to other units of similar size and arrangement, including burn-
ers/nozzles of substantially the same capacity using similar
fuels. These tests shall not be used to replace acceptance tests
relating to proof of design, function, and components.

6-5 Sequence of Operations.  For supervised manual systems,
see Section 6-8.

6-5.1 General.

6-5.1.1 Sequencing shall be required to ensure that operating
events occur in the proper order. Sequencing shall provide
procedures that allow properly prepared fuel to be admitted
to the burners only when there is sufficient ignition energy
and proper airflow to ignite the fuel as it enters the furnace.
Sequencing also shall be utilized where removing burners
from operation.

6-5.1.2* Sequences of operation are based on the typical fuel
supply shown in Figures A-6-5.1.2(a) and (b). These sequences
shall be followed whether the unit is operated manually or cer-
tain functions are accomplished by interlocks or automatic
controls. Different arrangements shall be permitted if they
provide equivalent protection and meet the intent of the oper-
ating sequences specified in this chapter.

6-5.1.3 The starting and shutdown sequence outlined in this
chapter shall be followed. It provides the required practice of
maintaining a continuous airflow through the unit at the rate
that is used during the purge operation. This rate shall be
maintained throughout the start-up and initial load-carrying
period of operation until such time as more fuel and air are
needed. This means that the same number of burner registers
or burner dampers needed for purging the boiler shall be left
open throughout the starting sequence as described in the fol-
lowing paragraphs. The objective of this practice is to ensure
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an air-rich furnace atmosphere during start-up. It also estab-
lishes minimum velocities through the furnace to prevent haz-
ardous accumulations of unburned fuel.

6-5.1.4 Burners shall not be placed in service or removed in a
random pattern but in a sequence defined by operating
instructions and verified by actual experience with the unit in
order to minimize laning or stratification of fuel or combus-
tion products. Burners shall be placed in service as necessary,
with fuel flows and individual register or damper settings that
ensure proper light-off.

6-5.1.4.1 The fuel pressure at the burner header shall be per-
mitted to be used as a guide in maintaining the necessary fuel
flow for each burner and shall be maintained automatically
within prescribed limits as additional burners are placed in
service. The total number of burners placed in service shall be
that number necessary to accomplish the following:

(a) Raise the boiler pressure or temperature
(b) Carry the initial load on the unit

6-5.1.4.2 If some registers have been maintained in the closed
position, they shall not be opened without either readjusting
the total airflow to maintain the same burner airflow or clos-
ing an equal number of registers on idle burners to obtain the
same effect. The total furnace air throughput shall not be
reduced below the purge flow rate.

6-5.1.5 The open register light-off and purge procedure shall
be used to maintain airflow at or above the purge rate during
all operations of the boiler. The open register-purge proce-
dure is based on the concept that the following basic operat-
ing conditions significantly improve the margin of operating
safety, particularly during start-up:

(a) Use of minimum number of required equipment manip-
ulations, thereby minimizing exposure to operating
errors or equipment malfunction

(b) The desired fuel-rich condition at individual burners dur-
ing light-off

(c) Creation of an air-rich furnace atmosphere during light-
off and warm-up by maintaining total furnace airflow at
the same rate as that needed for the unit purge

6-5.1.5.1 This procedure shall incorporate the following oper-
ating objectives:

(a) All or most of the registers shall be placed in a predeter-
mined open position.

(b) A unit purge shall be completed with the burner air reg-
isters in the position specified in 6-5.1.5.1(a).

(c) Components (e.g., precipitators, fired reheaters) con-
taining sources of ignition energy shall be purged for
either (1) a period of not less than 5 minutes or (2) five
volume changes of that component, prior to being placed
into service, whichever is longer.

(d) Boilers that share a common component between the fur-
nace outlet and the stack shall have provisions to bypass
the common component for unit purge.

(e) The first burner or group of burners shall be lighted with-
out any change in the airflow setting or in the burner air
register position.

6-5.1.5.2 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedure speci-
fied in 6-5.1.5 are required in order to obtain satisfactory igni-
tion or to satisfy other design limitations during light-off and
warm-up. For example, some boilers are purged with the reg-

isters in the normal operating position. In this instance, it
might be necessary to close the registers of the burner being
lighted momentarily to establish ignition. However, unneces-
sary modifications in the basic procedure shall be avoided,
particularly that of 6-5.1.5(a), thereby satisfying the basic
objectives in 6-5.1.5.1.

6-5.1.6 Modification to the mode of operation resulting from
improper water, steam, and flue gas temperatures in the econ-
omizers and superheaters shall be made only after it has been
determined to be necessary by operating experience.

6-5.2 Functional Requirements.

6-5.2.1 Cold Start. This section covers the requirements for
placing gas in service as the initial fuel being fired. Section
6-5.2.6 covers the requirements for placing gas in service as
a subsequent fuel.

6-5.2.1.1 Preparation for starting shall include a thorough
inspection that shall verify the following:

(a) The furnace and gas passages are in good repair and free
of foreign material.

(b) The bottom of the furnace is free of accumulations of
solid or liquid fuel, gases, or vapors. Such an inspection is
particularly important for a cold start where the fuel
burned prior to shutdown contained or could generate
volatile vapors heavier than air. The possibility of such
accumulations shall be considered prior to each start-up.

(c) All personnel are evacuated from the unit and associated
equipment, and all access and inspection doors are
closed.

(d) All airflow and flue gas flow control dampers have been
operated through their full range to check the operating
mechanism and then are set at a position that allows the
fans to be started at a minimum airflow and without over-
pressuring any part of the unit.

(e) All normally adjustable individual burner dampers or reg-
isters have been operated through their full range to
check the operating mechanism.

(f) The proper drum water level is established in drum-type
boilers, and circulating flow is established in forced circu-
lation boilers, or minimum water flow is established in
once-through boilers.

(g) The oxygen and combustibles analyzers, if provided, are
operating satisfactorily and a sample has been obtained.
Combustibles indication is at zero, and oxygen indication
is at maximum.

(h) All safety shutoff valves are closed. All sparks are deener-
gized.

(i) For oil ignition systems, see Chapter 7.
(j) The fuel system vents are open and venting to atmo-

sphere outside the boiler room. Lines are drained and
cleared of materials such as condensate.

(k) The burner elements and igniters are positioned in accor-
dance with the manufacturer’s specification.

(l) Energy is supplied to control systems and to safety inter-
locks.

(m) The meters or gauges indicate fuel header pressure to the
unit.

(n) A complete functional check of the safety interlocks has
been made after an overhaul or other significant mainte-
nance.

(o) A complete periodic operational test of each igniter has
been made. The frequency of testing depends on the
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design and operation history of each individual boiler
and ignition system. As a minimum, the test shall be made
during each start-up following an overhaul or other signif-
icant maintenance. The test shall be integrated into the
starting sequence and shall follow the unit purge and pre-
cede the admission of any main fuel.

(p) Individual igniters or groups of igniters also shall be per-
mitted to be tested while the unit is in service. Such tests
shall be made with no main fuel present in the igniter’s
associated burner, and the burner air register shall be in
its normal start-up or light-off position.

(q) Units with a history of igniter unreliability shall require
additional test routines to verify the continuing operating
ability of igniters and ignition system components. The
importance of reliable igniters and ignition systems can-
not be overstressed.

6-5.2.1.2 Where provided, regenerative air heaters and gas
recirculation fans shall be operated during all operations of the
unit in a manner recommended by the boiler manufacturer.

6-5.2.1.3* Starting Sequence. Operation of regenerative-type
air heaters, precipitators, and gas recirculation fans shall be
included in the start-up sequence, where appropriate, in
accordance with the manufacturer’s recommendations. The
starting sequence shall be performed in the following order:

(a) An open flow path from the inlets of the forced draft
fans through the stack shall be verified.

(b) An induced draft fan, if provided, shall be started; a
forced draft fan then shall be started. Additional induced draft
fans or forced draft fans shall be started in accordance with
Section 5-3, as necessary, to achieve purge flow rate.

(c) Dampers and burner registers shall be opened to the
purge position in accordance with the open register purge
method objectives outlined in 6-5.1.5.

(d) The airflow shall be adjusted to purge airflow rate, and
a unit purge shall be performed. Special provisions might be
necessary to prevent the hazardous accumulation of volatile
vapors that are heavier than air or to detect and purge accu-
mulations in the furnace bottom.

(e) The main fuel control valve shall be closed and the
main safety shutoff valve(s) shall be opened. (See 6-5.4.6 for leak
test requirement and Section 6-6 for permissive conditions in the fur-
nace purge system that shall be satisfied before this can be accom-
plished.)

(f) It shall be determined that the main fuel control valve
is closed, and the main fuel bypass control valve, if provided,
then shall be set to maintain the necessary burner header fuel
pressure for light-off. The burner headers shall be vented in
order to be filled with gas and to provide a flow (if necessary)
so that the main fuel and bypass fuel control valves can func-
tion to regulate and maintain the correct pressure for burner
light-off. The main fuel control valve shall be opened when
necessary.

CAUTION

The time needed to vent for control of header pressure
after header charging shall be evaluated and mini-
mized.

(g) The igniter safety shutoff valve shall be opened, and it
shall be determined that the igniter fuel control valve is hold-
ing the recommended fuel pressure for proper igniter capac-
ity. The igniter headers shall be vented in order to be filled

with gas and to provide a flow (if necessary) so that the igniter
fuel control valve can function to regulate and maintain the
correct pressure for lighting the igniters.

CAUTION

The time needed to vent for control of header pressure
after header charging shall be evaluated and mini-
mized.

(h) The air register or damper on the burner selected for
light-off shall be adjusted to the position recommended by the
manufacturer. (See 6-5.1.5.2.)

(i) The spark or other source of ignition for the igniter(s)
on the burner(s) to be lit shall be initiated. The individual
igniter safety shutoff valve(s) shall be opened and all igniter
system atmospheric vent valves shall be closed. If flame on the
first igniter(s) is not established within 10 seconds, the individ-
ual igniter safety shutoff valve(s) shall be closed and the cause
of failure to ignite shall be determined and corrected. With
airflow maintained at purge rate, repurge shall not be
required, but at least 1 minute shall elapse before attempting
a retrial of any igniter. Repeated retrials of igniters without
investigating and correcting the cause of the malfunction shall
be prohibited.

(j) Where Class 3 special electric igniters are used, the
procedures described in 6-5.2.1.3(a) through (f), (h), and (k)
through (n) shall be used, recognizing the requirements for
individual main burner flame supervision.

(k) After making certain that the igniter(s) is established
and is providing appropriate ignition energy for the main
burner(s), the individual burner safety shutoff valve(s) shall
be opened and the individual burner atmospheric vent valves
shall be closed. The master fuel trip shall be initiated when sat-
isfactory ignition has not been obtained within 5 seconds of
the time the fuel actually begins to enter the furnace. Purging
shall be repeated, and the conditions that caused the failure
to ignite shall be corrected before another light-off attempt is
made. For the following burner and all subsequent burners
placed in operation, failure to ignite or loss of ignition for any
reason on any burner(s) shall cause fuel flow to that burner(s)
to stop. All conditions for proper light-off shall exist before
restarting the burner(s).

(l) After stable flame is established, the air register(s) or
damper(s) shall be adjusted slowly to its normal operating
position, making certain that ignition is not lost in the process.
With automatic burner management systems, the air register
shall be permitted to be opened simultaneously with the
burner safety shutoff valve.

(m) Class 3 igniters shall be shut off at the end of the time
trial for proving the main flame [see 6-5.2.1.3(k)]. It shall be
verified that the stable flame continues on the main burners
after the igniters are shut off. Systems that allow the igniters to
remain in service on either an intermittent or a continuous
basis shall have been tested to meet all the requirements of
Class 1 igniters or Class 2 igniters with proper associated inter-
locks.

(n) After the main burner flame is established, the burner
header atmospheric vent valve shall be closed. If the charging
valve is used, the burner header atmospheric vent valve will
have been closed in accordance with 6-5.4.6. The main fuel
bypass control valve will automatically control the burner
header gas pressure.
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(o) The same procedures in 6-5.2.1.3(h) through (m)
shall be followed for placing additional burners with open reg-
isters in service, as necessary, to raise steam pressure or to carry
additional load. Automatic control of burner fuel flow and
burner airflow during the lighting and start-up sequence is
recommended [see 6-5.2.1.3(q)]. The fuel flow to each burner
(as measured by the burner fuel header pressure) shall be
maintained at a controlled value that is compatible with the
established airflow through the corresponding burner. The
established airflow through each open register shall be per-
mitted to be maintained by controlling the windbox-to-fur-
nace differential.

CAUTION

Total furnace airflow shall not be reduced below purge
rate airflow and shall be at least that which is necessary for
complete combustion in the furnace. It might be neces-
sary to vary fuel header pressure to avoid excessive light-
ing off and shutting down of burners. Such variations
shall be limited to a predetermined range. This range is
a function of the incremental fuel input that is added by
the lighting of a single burner or gang of burners.

(p) In accordance with the requirements of 6-5.1, it is pref-
erable to commit the maximum number of burners consistent
with the anticipated continuous load and with the range of
fuel header pressures specified in 6-5.2.1.3(o).

(q) The normal on-line metering combustion control
(unless designed specifically for start-up procedures) shall not
be placed into service until the following have occurred:

1. A predetermined minimum main fuel input has been
attained

2. All registers on nonoperating burners are closed unless
compensation is provided for by the control system

3. The burner fuel and airflow are adjusted as necessary
4. Stable flame and suitable furnace conditions have been

established

(r) It shall be permitted to place a multiple number of
igniters in service that are served simultaneously from a single
igniter safety shutoff valve, provided that the igniters are reli-
ably supervised, so that failure of one of the group to light
causes the fuel to all igniters in the group to shut off.

(s) It also shall be permitted to place a multiple number
of burners served by their corresponding multiple igniters
from a single burner safety shutoff valve in service simulta-
neously, provided that the burners are reliably supervised, so
that failure of one of the group to light causes the fuel to all
burners in the group to shut off.

6-5.2.2 Normal Operation.

6-5.2.2.1* The firing rate shall be regulated by increasing or
decreasing the fuel and air supply simultaneously to all oper-
ating burners, maintaining normal air/fuel ratio continuously
at all firing rates. This requirement shall not eliminate the
requirements for air lead and lag during changes in the fuel
firing rate.

Exception: This requirement shall not apply to systems provided with
metering of air and fuel to each burner and designed specifically for in-
dividual burner modulating control.

6-5.2.2.2 The firing rate shall not be regulated by varying the
fuel to individual burners by means of the individual burner

safety shutoff valve(s). The individual burner safety shutoff
valve(s) shall be fully open or completely closed. Intermediate
settings shall not be used.

6-5.2.2.3 Air registers shall be set at the firing positions as
determined by tests.

Exception: This requirement shall not apply to systems provided with
metering of air and fuel to each burner and designed specifically for in-
dividual burner modulating control.

6-5.2.2.4 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits
specified by the boiler manufacturer or, preferably, as deter-
mined by trial. These trials shall test for minimum load and for
stable flame under the following conditions:

(a) With all gas burners in service and combustion controls
on automatic

(b) With different combinations of gas burners in service and
combustion controls on automatic

(c) With different combinations of gas, oil, and coal burners
in service and combustion controls on automatic

Where changes occur to the minimum and maximum limits
because of various burner combinations and fuel conditions,
retesting shall be required.

6-5.2.2.5 On loss of an individual burner flame, that individ-
ual burner’s safety shutoff valve shall be closed automatically
and the vent shall be opened immediately. The burner regis-
ter shall be closed if it interferes with the air/fuel ratio sup-
plied to any other individual burner flame.

6-5.2.2.6 Total airflow shall not be reduced below the purge
rate.

6-5.2.3 Normal Shutdown. This section covers the require-
ments for removing gas from service as the only fuel being
fired. Subsection 6-5.2.7 covers the requirements for removing
gas from service with other fuel remaining in service.

6-5.2.3.1 When taking the unit out of service, the boiler load
shall be reduced to that necessitating a purge rate airflow.

6-5.2.3.2 The metering combustion control shall be taken out
of service and the start-up fuel supply pressure, register set-
tings, and airflows shall be established in accordance with
start-up practices.

Exception: Where designed for start-up and shutdown procedures, the me-
tering combustion control shall not be required to be taken out of service.

6-5.2.3.3 As the fuel is reduced, a sequential shutdown of the
burners shall be accomplished by closing the individual
burner safety shutoff valves and opening the vent valves. Reg-
isters shall be placed in the proper position.

6-5.2.3.4 When the last individual burner safety shutoff valves
are closed, the main safety shutoff valve shall be closed.

6-5.2.3.5 All atmospheric vent valves shall be opened to mini-
mize the possibility of gas leaking into the boiler enclosure.

6-5.2.3.6 When all burners and igniters have been removed
from service, the purge rate airflow shall be verified and a unit
purge shall be performed.

6-5.2.3.7 After completion of the unit purge, closing the
burner air registers and shutting down the forced draft fans
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and induced draft fans shall be permitted to be optional. How-
ever, consideration shall be given to maintaining airflow
through the unit to prevent accumulation of combustible
gases. Leakage of main or igniter fuel into the furnace or
windbox shall be prevented.

6-5.2.4 Normal Hot Restart.

6-5.2.4.1 When restarting a hot unit, the requirements of
6-5.2.1.1(f) through (m) for a cold start shall be met.

6-5.2.4.2 The starting sequence in 6-5.2.1.3 shall be followed.

6-5.2.5 Emergency Shutdown — Master Fuel Trip.

6-5.2.5.1 An emergency shutdown shall initiate a master fuel
trip.

6-5.2.5.2 A master fuel trip that results from any of the emer-
gency conditions tabulated in Tables 6-5.2.5.2(a) and (b) shall
stop all fuel flow to the furnace from all burners by tripping
the main and individual burner safety shutoff valves. All vent
valves shall be opened. The igniter safety shutoff valve and
individual igniter safety shutoff valves shall be tripped, and the
igniter sparks shall be deenergized. If a furnace inerting sys-
tem is installed, the inerting system shall be operated simulta-
neously with the master fuel trip. Master fuel trips shall
operate to stop all fuel flow into the furnace within a period
that does not allow a dangerous accumulation of fuel in the
furnace. A master fuel trip shall not initiate a forced draft fan
or induced draft fan trip. Electrostatic precipitators, fired
reheaters, or other ignition sources shall be tripped.

6-5.2.5.3 Procedure for Purging After an Emergency Shut-
down. Fans that are operating after the master fuel trip shall
be continued in service. The airflow shall not be increased by
deliberate manual or automatic control action. If the airflow
is above the purge rate, the airflow shall be permitted to be
decreased gradually to the purge rate for a unit purge. If the
airflow is below the purge rate at the time of the trip, the air-
flow shall be continued at the existing rate for 5 minutes and
then increased gradually to the purge rate airflow and held at
this value for a unit purge.

6-5.2.5.4 Where the emergency trip was caused by loss of draft
fans, or draft fans also have tripped, all dampers in the air and
flue gas passages of the unit shall be opened slowly to the fully
open position in order to create as much natural draft as pos-
sible to ventilate the unit. Opening fan dampers shall be timed
or controlled to avoid excessive positive or negative furnace
pressure transients during fan coast-down. This condition
shall be maintained for at least 15 minutes. At the end of this
period, the fan(s) shall be started in accordance with Chapter
5. The airflow shall be increased gradually to the purge rate,
and a unit purge shall be completed.

6-5.2.5.5 Action following the purge after an emergency shut-
down (see 6-5.2.5.3 and 6-5.2.5.4) shall be in accordance with
either of the following:

(a) The unit shall be shut down in accordance with 6-5.2.3.7
(b) If a unit purge was successfully completed following an

emergency shutdown and the conditions of 6-5.2.1.1(f)
through (m) and 6-5.2.1.3(c) are satisfied, a relight in accor-
dance with 6-5.2.1.3(e) through (s) shall be permitted.

6-5.2.6 Starting Sequence Second Fuel.

6-5.2.6.1 When starting gas as a second fuel, the requirements
of 6-5.2.1.1(h) through 6-5.2.1.1(m) shall have been satisfied
(see 6-5.4.8).

6-5.2.6.2 The starting sequence of the first fuel (oil or coal)
shall be complete. The starting sequence of the second fuel
(gas) shall be performed in the following order (see 6-5.4.6 for
leak test requirements):

(a) The main gas control valve shall be closed and the
main safety shutoff valve(s) shall be opened.

(b) The starting sequence in 6-5.2.1.3(f) through 6-5.2.1.3(j)
shall be followed.

(c) After making certain that the igniter(s) is established
and is providing appropriate ignition energy for the main
burner(s), the individual burner safety shutoff valve(s) shall
be opened and the individual burner atmospheric vent valves
shall be closed. Failure to ignite or loss of ignition for any rea-
son on any burner(s) shall cause fuel flow to that burner(s) to
stop. All conditions for proper light-off shall exist before
restarting the burner(s).

(d) The starting sequence in 6-5.2.1.3(l) through 6-5.2.1.3(s)
shall be followed.

6-5.2.7 Shutdown Sequence Second Fuel. This section covers
the requirements for removing gas from service with other
fuel remaining in service. Subsection 6-5.2.3 covers the
requirements for removing gas from service as the only fuel
being fired.

6-5.2.7.1 When shutting off gas with oil or coal remaining in
service, a sequential shutdown of the gas burners shall be
accomplished by closing the individual burner safety shutoff
valves and opening the vent valves.

Table 6-5.2.5.2(a) Mandatory Automatic Master Fuel Trips 
(See Sections 5-4 and 6-6)

A master fuel trip shall result from any of the following condi-
tions:

(a) Fuel pressure at the burner below the minimum estab-
lished by the manufacturer or by trial; where fuel pres-
sure at the burner is not measurable, a low gas pressure 
trip shall be provided upstream of the control valve

(b) Total airflow drops below the purge rate by 5 percent 
full-load airflow

(c) Loss of either all induced draft fans or all forced draft 
fans

(d) Loss of all flame
(e) Partial loss of flame sufficient to introduce a hazardous 

accumulation of unburned fuel [see 6-6.3.1.1(d)6]
(f) Furnace pressure exceeding the normal operating pres-

sure by a value specified by the manufacturer
(g) Last individual burner safety shutoff valve closed

(h) High fuel gas pressure

Table 6-5.2.5.2(b) Mandatory Master Fuel Trips with Alarms 
— Not Necessarily Automatically Initiated

A master fuel trip shall result from any of the following condi-
tions:

(a) Loss of energy supply for boiler control, burner man-
agement, or interlock systems

(b) Furnace negative pressure exceeding the value speci-
fied by the manufacturer (see also Chapter 5)
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6-5.2.7.2 The remaining burners shall be shut down sequen-
tially as previously described, leaving the registers in the
proper position.

6-5.2.7.3 When the last individual burner safety shutoff valves
are closed, the main safety shutoff valve shall be closed.

6-5.2.7.4 All atmospheric vent valves shall be opened to mini-
mize the possibility of gas leaking into the boiler enclosure.

6-5.3 Emergency Conditions Not Requiring Shutdown or Trip.

6-5.3.1 Many unit installations include multiple induced draft
fans or forced draft fans, or both. In the event of a loss of a fan
or fans, the control system shall be capable of reducing the
fuel flow to match the available airflow; otherwise, tripping of
the unit shall be mandatory.

6-5.3.2 If an air deficiency develops while flame is maintained
at the burners, the fuel shall be reduced until the proper air/
fuel ratio has been restored; or, if fuel flow cannot be reduced,
the airflow shall be increased slowly until the proper air/fuel
ratio has been restored.

NOTE: A trip of the fuel during a fuel-rich condition while
flame is being maintained results in a sudden increase in the
air/fuel ratio, which can create a greater hazard.

6-5.4 General Operating Requirements — All Conditions.

6-5.4.1 Prior to starting a unit, action shall be taken to prevent
fuel from entering the furnace.

6-5.4.2 A unit purge shall be completed prior to starting a fire
in the furnace.

6-5.4.3 The igniter for the burner shall always be used. Burn-
ers shall not be lighted using a previously lighted burner or
from hot refractory.

6-5.4.4 Where operating at low capacity, the burner fuel pres-
sure shall be maintained above minimum by reducing the
number of burners in service as necessary.

6-5.4.5 Sootblowers shall be operated only where heat input to
the furnace is at a rate high enough to prevent a flameout dur-
ing the sootblower operation. Sootblowers shall not be oper-
ated at low-load and high excess air conditions. This
requirement shall not preclude the use of wall sootblowers and
high-temperature superheater and reheater sootblowers for
cleaning during periods of power outage if a unit purge has
been completed and purge rate airflow is maintained, nor does
it preclude the use of air heater sootblowers during start-up.

6-5.4.6 An operational leak test of the fuel header piping sys-
tem shall be performed in accordance with established proce-
dures while maintaining at least purge rate airflow. Successful
completion of the leak test shall be done before placing the
main gas system into operation. [See Figure A-6-5.1.2(b).]

6-5.4.7 Before maintenance is performed on the gas header,
the header shall be purged. [See Section 6-2(g).]

6-5.4.8 The total heat input within a burner or furnace zone,
or both, shall not exceed the maximum limits specified for the
equipment. Special consideration shall be given where a
burner or furnace zone, or both, simultaneously fires more
than one fuel.

6-6 Interlock System.  

6-6.1 General. The basic requirement of an interlock system
for a unit is that it protect personnel from injury and also protect

the equipment from damage. The interlock system functions to
protect against improper boiler operation by limiting actions to
a prescribed operating sequence or by initiating trip devices
when approaching an undesirable or unstable operating condi-
tion. The interlock system shall comply with Section 4-3.

6-6.1.1 The mandatory automatic trips specified in 6-6.3.1
represent that portion of automatic trips for which sufficient
experience has been accumulated to demonstrate a high
probability of successful application for all units. The use of
additional automatic trips, while not mandatory, is recom-
mended. (Also see 2-3.3 and A-2-3.3.)

6-6.1.2 It is possible to achieve conditions conducive to a furnace
explosion without detection of such conditions by any of the
mandatory automatic trip devices, even though they are properly
adjusted and maintained. Therefore, operating personnel shall
be made aware of the limitations of the interlock system.

6-6.2 Functional Requirements.

6-6.2.1 The operation of any interlock that causes a trip shall
be annunciated.

6-6.2.2 An interlock system shall be of sound design and shall
be properly installed, adjusted, and tested to confirm design
function and proper timing. Periodic testing and mainte-
nance shall be performed to keep the interlock system func-
tioning properly.

6-6.2.3 The design of an interlock system shall be predicated
on the following fundamentals:

(a) The starting procedure and operation shall be supervised
to ensure proper operating practices and sequences.

(b) The minimum amount of equipment shall be tripped in
the proper sequence when the safety of personnel or
equipment is jeopardized.

(c) The initiating cause of the trip shall be indicated and no
portion of the process shall be started until proper condi-
tions are established.

(d) The necessary trip devices shall be coordinated into an
integrated system.

(e) Where automatic equipment is not available to accom-
plish the intended function, sufficient instrumentation to
enable the operator to complete the proper operating
sequence shall be provided.

(f) The design shall retain as much flexibility with respect to
alternate modes of operation as is consistent with good
operating practice.

(g) Proper preventive maintenance shall be provided.
(h) The design shall not require any deliberate “defeating” of

an interlock in order to start or operate equipment.
Whenever a safety interlock device is removed tempo-
rarily from service, such removal shall be noted in the log
and annunciated if practicable. Other means shall be sub-
stituted to supervise this interlock function.

(i) The mandatory master fuel trip sensing elements and cir-
cuits 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: Airflow measurement and auctioneered furnace
draft signals from the boiler control system shall be permitted to be used
for a master fuel trip, provided all the following conditions are met:

(a) These interlocks are hardwired into the burner management
system.
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