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Second Revision No. 16-NFPA 85-2013 [ Global Comment ]

Revise all liquid fuel supply system diagrams with equipment isolation valves to
be consistent with the revised fuel gas supply system diagrams.  See attached
diagrams.

Supplemental Information

File Name Description

NFPA85_SR16_Draft_Figures.pdf  

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 13:22:34 EST 2013

Committee Statement

Committee
Statement:

 The liquid fuel system diagrams were revised to reflect the equipment isolation valve
to be consistent with changes made to fuel gas supply system diagrams throughout
the code.

Response
Message:
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Second Revision No. 75-NFPA 85-2014 [ Section No. 2.4 ]

2.4  References for Extracts in Mandatory Sections.

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

NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Film, 2011 edition.

NFPA 72®, National Fire Alarm and Signaling Code, 2013 edition.

NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants and
High Voltage Direct Current Converter Stations, 2010 2015  edition.

Submitter Information Verification

Submitter Full Name:Barbara Ingalls

Organization: NFPA

Street Address:

City:

State:

Zip:

Submittal Date: Thu Feb 20 08:44:29 EST 2014

Committee Statement

Committee Statement:  SR 75 updates edition year for NFPA 850 to 2015.

Response Message:
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Second Revision No. 1-NFPA 85-2013 [ Section No. 3.3.2.4 ]

3.3.2.4*  Excess Air.

Air supplied for combustion in excess of the stoichiometric mixture of air and
fuel theoretical air .

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 11:15:01 EST 2013

Committee Statement

Committee
Statement:

 The committee reinstated the previous definition of excess air and moved the
previous definition of theoretical air to the annex (SR-2). The dictionary definition
does not adequately describe the term "stoichiometry" as used in the context of the
First Revision.

Response
Message:

Public Comment No. 40-NFPA 85-2013 [Section No. 3.3.2.4]
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Second Revision No. 3-NFPA 85-2013 [ New Section after 3.3.25.2 ]

3.3.25.3   Manual Supervised Burner Management System.

A burner management system by which a furnace is purged and a burner is started,
ignited, and stopped manually. Interlocks are included to ensure that the operation
follows established, proper procedures.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 12:30:17 EST 2013

Committee Statement

Committee
Statement:

 The definition is reinstated because the term is now used in the single
burner boiler chapter.

Response
Message:

Public Comment No. 85-NFPA 85-2013 [Section No. 3.3.26]
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Second Revision No. 4-NFPA 85-2013 [ Section No. 3.3.43 ]

3.3.43  Direct-Fired System.

A system in which the fuel is pulverized and delivered in suspension directly to the
burner(s).

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 12:42:03 EST 2013

Committee Statement

Committee
Statement:

 The definition is updated to use a hyphen between "direct" and "fired" to be
consistent with usage in the subject chapter.

Response
Message:

Public Comment No. 41-NFPA 85-2013 [Section No. 3.3.43]
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Second Revision No. 5-NFPA 85-2013 [ Section No. 3.3.52.4 ]

3.3.52.4  Induced Draft (ID) Fan.

A fan downstream of the combustion process used to remove the products of combustion
from the boiler, HRSG, or flue gas ductwork.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 12:42:54 EST 2013

Committee Statement

Committee Statement:  The text was missing a space between ",HRSG".

Response Message:

Public Comment No. 20-NFPA 85-2013 [Section No. 3.3.52.4]

Second Revision No. 6-NFPA 85-2013 [ Sections 3.3.76.1, 3.3.76.2,

3.3.76.3, 3.3.76.4, 3.3.76.5, ... ]

3.3.76.1   Normal Shutdown, High Steam Pressure Interlock.

A pressure-actuated device that is arranged to effect a normal burner shutdown when
the steam pressure exceeds a preset pressure.

3.3.76.2   Normal Shutdown, High Water Temperature Interlock.

A temperature-actuated device that is arranged to effect a normal burner shutdown when
the water temperature exceeds a preset temperature.

3.3.76.3   Process Monitoring, High Oil Temperature Interlock.

A temperature-actuated device that initiates a signal when oil temperature rises above
the limits that are required to maintain the viscosity range recommended by the burner
manufacturer.

3.3.76.4   Process Monitoring, Low Oil Temperature Interlock.

A temperature-actuated device that initiates a signal when the oil temperature falls
below the limits that are required to maintain the viscosity range recommended by the
burner manufacturer.
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3.3.76.5   Proof of Closure Interlock.

A device that provides feedback that a piece of equipment is in the closed position.

3.3.76.6   Safety Shutdown, Excessive Steam Pressure Interlock.

A pressure-actuated device that is arranged to effect a safety shutdown of the burner
when the steam pressure exceeds a preset pressure.

3.3.76.7   Safety Shutdown, Excessive Water Temperature Interlock.

A temperature-actuated device that is arranged to effect a safety shutdown of the burner
when the water temperature exceeds a preset temperature.

3.3.76.8   Safety Shutdown, High Gas Pressure Interlock.

A pressure-actuated device that is arranged to effect a safety shutdown or to prevent
starting when the gas pressure exceeds the preset value.

3.3.76.9   Safety Shutdown, Low Gas Pressure Interlock.

A pressure-actuated device that is arranged to effect a safety shutdown or to prevent
starting when the gas pressure falls below the preset value.

3.3.76.10   Safety Shutdown, Low Oil Pressure Interlock.

A pressure-actuated device that is arranged to effect a safety shutdown or to prevent
starting when the oil pressure falls below the preset value.

3.3.76.11   Safety Shutdown, Low Water Cutout Auxiliary Interlock.

On single burner boilers, a device that is arranged to effect a safety shutdown of the
burner when the water level in the boiler falls to a predetermined low level.

3.3.76.12   Safety Shutdown, Low Water Cutout Interlock.

A device that is arranged to effect a safety shutdown or master fuel trip when the water
level in the boiler or HRSG falls to a predetermined low level.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 13:18:06 EST 2013

Committee Statement

Committee
Statement:

 Revised items 3.3.76.1 through 3.3.76.12 are a list of interlocks required by SBB in
Chapter 5, not definitions. The text in the subject chapter adequately describes what
they are in the context of the code.

Response
Message:

Public Comment No. 43-NFPA 85-2013 [Sections 3.3.76.1, 3.3.76.2, 3.3.76.3, 3.3.76.4,
3.3.76.5, ...]

Public Comment No. 69-NFPA 85-2013 [Section No. 3.3.76]
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Second Revision No. 13-NFPA 85-2013 [ New Section after 3.3.102 ]

3.3.103   Purge Into Service.

To displace air in a fuel gas piping system with inert gas and then displace the inert gas
with fuel gas.

3.3.104   Purge Out of Service.

To displace the fuel gas in a fuel gas piping system by inert gas and then displace the
inert gas with air.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 13:03:59 EST 2013

Committee Statement

Committee
Statement:

 New definitions are added to support requirements added to chapter 4 in SR
14 and SR 15.

Response
Message:
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Second Revision No. 7-NFPA 85-2013 [ Section No. 3.3.124 ]

3.3.126*  Test Block Capability.

The point on the fan head versus flow characteristic curve at which the fan is selected.
This is the calculated operating point associated with the maximum continuous rating of
the boiler or HRSG, plus the head and flow margins.

Supplemental Information

File Name Description

A.3.3.124_SR_7.docx Edited Word doc for A.3.3.124 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 13:51:58 EST 2013

Committee Statement

Committee
Statement:

 The committee deleted the second sentence of the definition because it addressed
only the boilers and HRSGs. The committee created new annex material to clarify
the intent of the term in the context of NFPA 85.

Response
Message:

Public Comment No. 11-NFPA 85-2013 [Section No. 3.3.124]



A.3.3.124 Test Block Capability.  The test block capability of the fan is a theoretical duty 
that includes some margin beyond the actual volume and pressure requirements. 
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Second Revision No. 14-NFPA 85-2013 [ New Section after 4.2.7 ]

4.2.8*   

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

(1) Discharged through a permanently installed venting system; or

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

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

Supplemental Information

File Name Description

A.4.2.8_SR_14.docx Annex material 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 13:07:08 EST 2013

Committee Statement

Committee
Statement:

 New requirements were added to address charging fuel gas piping that is within the
scope of NFPA 85, i.e. piping downstream of the equipment isolation valve. Unlike
other equipment gas trains, NFPA 85 requires many vent valves that can be utilized
for the purpose of safely charging the piping system with fuel gas. In addition, the
pipe volume ratio of such piping relative to pipe normally open to atmosphere is
small, therefore discharging through the permanently-installed venting system or as
part of the normal start-up sequence generally provides an adequate level of safety.
Where this piping section presents a significant volume, users may consider using
NFPA 56 procedures in lieu of the venting system or start-up procedure.

Response
Message:



A.4.2.8 The pipe volume ratio of piping downstream of the 
equipment isolation valve relative to pipe normally open to 
atmosphere is small, therefore discharging through the 
permanently-installed venting system or as part of the 
normal start-up sequence generally provides an adequate 
level of safety.  Where this piping section presents a 
significant volume, users can consider using NFPA 56 
procedures in lieu of the venting system or start-up 
procedure. 
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Second Revision No. 15-NFPA 85-2013 [ New Section after 4.4.1.7 ]

4.4.2   Purging Fuel Gas Piping Into and Out of Service.

4.4.2.1   

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

4.4.2.2   

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

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 13:09:31 EST 2013

Committee Statement

Committee
Statement:

 New requirements were added for removing piping systems from service when
maintenance is needed. NFPA 56 is referenced because it provides guidance for
industrial piping systems, and specifically power plants as well as the hazards of
nitrogen and other inert gases during purge procedures.

New requirements were added to address charging fuel gas piping that is within the
scope of NFPA 85, i.e. piping downstream of the equipment isolation valve. Unlike
other equipment gas trains, NFPA 85 requires many vent valves that can be utilized
for the purpose of safely charging the piping system with fuel gas. In addition, the
pipe volume ratio of such piping relative to pipe normally open to atmosphere is
small, therefore discharging through the permanently-installed venting system or as
part of the normal start-up sequence generally provides an adequate level of safety.
Where this piping section presents a significant volume, users may consider using
NFPA 56 procedures in lieu of the venting system or start-up procedure.

Response
Message:
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Second Revision No. 8-NFPA 85-2013 [ Section No. 4.5.4 ]

4.5.4*  

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

Supplemental Information

File Name Description

A.4.5.4_SR_8.docx Annex material 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 15:31:25 EST 2013

Committee Statement

Committee
Statement:

 The committee recognizes that conditioning of interlocks is typically required for
normal start-up and operation. The committee created annex text to advise users
that such conditioning is not prohibited by the new 4.5.4 requirement.

Response
Message:

Public Comment No. 44-NFPA 85-2013 [Section No. 4.5.4]



A.4.5.4 An interlock design can include 
conditioning logic that allows startup and 
operation without intervention.  Conditioning of 
an interlock is part of the interlock itself, and 
should not be viewed as defeating or bypassing 
the interlock.   
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Second Revision No. 9-NFPA 85-2013 [ Section No. 4.8.1 ]

4.8.1  

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

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Wed Dec 04 15:47:45 EST 2013

Committee Statement

Committee
Statement:

 The intent is to isolate the fuel supply to individual boilers or HRSGs, which is not
clear in original text. The requirement is updated to reflect the newly-defined term
equipment isolation valve.

Response
Message:

Public Comment No. 45-NFPA 85-2013 [Section No. 4.8.1]



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 14/130

Second Revision No. 10-NFPA 85-2013 [ Section No. 4.10.3.1 ]

4.10.3.1*  

Flue The requirements in 4.10.3  shall apply to flue  gas path auxiliary systems shall be
sulfur burner systems, ammonia injection systems, activated carbon injection systems,
soot blowing or soot cleaning systems, and fired reheater systems that inject fuel,
oxidizer, or combustible reagent into the boiler enclosure or flue gas path when in
operation .

Supplemental Information

File Name Description

A.4.10.3.1_SR_10.docx Edited Word doc for A.4.10.3.1 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 08:47:17 EST 2013

Committee Statement

Committee
Statement:

 The mandatory text is revised to be a more general description of flue gas path
auxiliary systems and the list of examples is moved to the annex. There could be
other systems that should meet the requirements of this section that are not in the
list, that could be construed as the requirements not applying to them. The proposed
revised wording and Annex material addresses these concerns.

Response
Message:

Public Comment No. 73-NFPA 85-2013 [Section No. 4.10.3.1]



A.4.10.3.1 

Flue gas path auxiliary systems that inject fuel, oxidizer, or combustible reagent into a 
boiler enclosure or flue gas path can include, but are not limited to, sulfur burner 
systems, ammonia injection systems, activated carbon injection systems, soot blowing 
or soot cleaning systems, and fired reheater systems. 
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Second Revision No. 11-NFPA 85-2013 [ Section No. 4.11.1.1 ]

4.11.1.1  

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

(1) Protect personnel from injury

(2) Protect equipment from damage

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

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 08:50:31 EST 2013

Committee Statement

Committee
Statement:

 The term "unit" has a definition that would inappropriately limit the application of this
requirement. The term "boiler or HRSG" would not include pulverized fuel systems.
The term "boiler or combustion system" should define the intended scope more
appropriately. The term "boiler" was removed from the last line for the same reason.

Response
Message:

Public Comment No. 8-NFPA 85-2013 [Section No. 4.11.1.1]



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 16/130

Second Revision No. 12-NFPA 85-2013 [ Section No. 4.12.3.5.7 ]

4.12.3.5.7  

The response time from flame failure to the de-energization initiation  of the trip signal to
the fuel safety shutoff devices shall not exceed 4 seconds, including any time delay
associated with the flame detector.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Dec 05 09:13:49 EST 2013

Committee Statement

Committee
Statement:

 The text was revised to reflect that not all fuel shutoff devices are de-energized to
close. For example Coal Line Shutoff Valves can be "energize to open" and
"energize to close." On new installations, some Boiler OEMs are providing dual coil
solenoid and motor operated valves for Gas and Oil igniters.

Response
Message:

Public Comment No. 18-NFPA 85-2013 [Section No. 4.12.3.5.7]
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Second Revision No. 43-NFPA 85-2014 [ New Section after 5.2 ]

5.3   Unattended Operation.

The process hazard analysis required by 4.1.4  shall not apply to automatic recycling
and automatic nonrecycling single burner boilers designed for unattended operation
unless required by the authority having jurisdiction.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jan 13 13:50:56 EST 2014

Committee Statement

Committee
Statement:

 The Fundamentals committee added a requirement to chapter 4 for process hazard
analysis to be performed for all unattended boilers. The single burner boilers
committee feels that this is not needed as a minimum safety requirement for many
single burner boiler applications. Therefore, language is added to chapter 5 to take
exception to the new Fundamentals requirement.

Response
Message:

Second Revision No. 41-NFPA 85-2014 [ Section No. 5.3.6.1 ]
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5.4.6.1  

For single burner boilers In addition to the requirements in Section 4.11 , the boiler
control system for single burner boilers shall be permitted to be combined with the
burner management system under one of the following conditions:

(1)

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

(3)

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jan 13 10:47:15 EST 2014

Committee Statement

Committee
Statement:

 The committee modified the SIL level from a 2 to a 3 because a SIL level 3 requires
independent certification in accordance with IEC 61508. It was always the intent of
the committee to require independent certification, and a SIL 2 would not guarantee
such certification.

Paragraph 5.3.6.1(3) was modified to refer to the programmable logic system
because a "programmable logic controller" is a specific technology. Other
technologies, such as "distributed control systems" can also meet the technical

requirements and should be permitted.

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

* A single safety-rated programmable logic controller (PLC) system  shall be
permitted to be used to implement both burner management system safety and
process logic, if the  where both of the following conditions are met:

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

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

processor and input/output (I/O) modules are approved or certified by a notified body
to be at least SIL 2 capable according to IEC 61508, Functional Safety of
Electrical/Electronic/Programmable Electronic Safety-Related Systems , when the
burner management system logic is isolated from other logic and when the related
data of the burner management system program are protected from being
unintentionally affected by data of other user programs.
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In addition, other editorial changes were made to improve the readability of the
paragraph and remind users that 4.11 still applies.

Response
Message:

Public Comment No. 19-NFPA 85-2013 [Section No. 5.3.6.1]

Public Comment No. 83-NFPA 85-2013 [Section No. 5.3.6.1]
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Second Revision No. 44-NFPA 85-2014 [ Section No. 6.4.1.1.14 ]

6.4.1.1.14*  

The mandatory master fuel trip–sensing elements and circuits shall be independent of all
other control elements and circuits.

Exception No. 1: Individual burner flame detectors also shall be permitted to be used
for initiating master fuel trip systems.

Exception No. 2: Airflow measurement, auctioneered furnace draft, drum water level,
and feedwater flow signals Signals  from the boiler control system shall be permitted to
be used for a master fuel trip, provided all the following conditions are met:

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

(2) Tripping set points are protected from unauthorized changes.

(3) Any single component failure of these sensing elements and circuits does not
prevent a mandatory master fuel trip.

Supplemental Information

File Name Description

A.6.4.1.1.14_SR_44.docx Annex material 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 10:56:57 EST 2014

Committee Statement

Committee
Statement:

 The committee revised the paragraph because the requirements for the signals to be
hardwired, to be protected from unauthorized changes, and provide redundancy
provides an equivalent level of safety to the requirement for independence in chapter
4. Therefore, as long as these conditions are met, signals can be permitted to
originate in the boiler control system and be hardwired to the burner management
system. The committee created new annex text to clarify the intent of the revision.

Response
Message:

Public Comment No. 28-NFPA 85-2013 [Section No. 6.4.1.1.14]



A.6.4.1.1.14 Certain signals can be better obtained from the boiler 

control system, and can be more representative of actual 

conditions than a single-element sensing system.  Such 

measurements include, but are not limited to airflow 

measurement, auctioneered furnace draft, drum water level, and 

feedwater flow signals.  The items in this list are generally 

manipulated in some way by the logic system to compensate for 

boiler load, temperature, pressure, or pressure differential. The 

requirements for these signals to be hardwired, to be protected 

from unauthorized changes, and to provide redundancy provide 

an equivalent level of protection to the requirement for 

independence in chapter 4. 
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Second Revision No. 45-NFPA 85-2014 [ Section No. 6.4.1.2.1 ]

6.4.1.2.1*  Interlock System.

Figure 6.4.1.2.1 and Table 6.4.1.2.1(a) through Table 6.4.1.2.1(c) show the minimum
required system of interlocks that shall be provided for basic furnace protection for a
multiple burner boiler operated in accordance with this code.

Figure 6.4.1.2.1 Interlock System for Multiple Burner Boiler.

Table 6.4.1.2.1(a) Interlock System for Multiple Burner Boiler

Block Number Action

Loss of an individual igniter flame shall cause the

DELETED
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Block 1

following actions:

(1) Close the individual igniter safety shutoff valve(s)
and de-energize the spark(s).

(2) Open the vent valve (fuel gas ignition only).

(3) Signal the main flame protection system that the
igniter flame has been lost.

Block 2a1

High or low igniter fuel gas header pressure shall be
interlocked to initiate the tripping of the igniter
header and individual igniter safety shutoff valves
and de-energize sparks.

Block 2a2

Low igniter fuel oil header pressure shall be
interlocked to initiate the tripping of the igniter
header and individual igniter safety shutoff valves
and de-energize sparks.

Block 2b

Where fuel oil is used for ignition fuel with air or
steam atomization, atomizing air or steam pressure
out of range shall trip the igniter header and
individual igniter safety shutoff valves and de-
energize sparks.  Where direct electric igniters are
used, blocks 1 and 2 shall not apply. However, the
master fuel trip system shall de-energize sparks
and prevent re-energizing until all conditions for light-
off have been re-established.

Blocks 3 through 13

These blocks represent conditions that initiate the
tripping of all main and ignition fuel supplies through
a master fuel trip relay contact(s). The master fuel
trip relay(s) shall be of the type that stays tripped
until the unit purge system interlock permits it to be
reset. Whenever the master fuel trip relay(s) is
operated, it shall trip all fuel header, burner, and
igniter safety shutoff valves and de-energize all
sparks and all ignition devices within the unit and
flue gas path through master fuel trip relay
contact(s).

 Master fuel trip relay contacts shall also trip the
fuel oil system circulating and recirculating valves. If
the design of the fuel oil supply system is such that
backflow of fuel oil through the recirculating valve is
inherently impossible or positively prevented, this
valve shall be permitted to be manually operated and
shall not be required to be interlocked to close
automatically on a master fuel trip.

 The master fuel trip relay contacts shall also trip
primary air fans or exhausters, coal feeders,
pulverizers, and coal burner line shutoff valves, or
take equivalent functional action to stop coal
delivery to burners.  The master fuel trip logic shall
trip all fuel gas path auxiliary systems that introduce
hazards through the addition of fuel, oxidizing
agents, or ignition sources.

Block 3
The loss of all induced draft fans shall activate the
master fuel trip relay.
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Block 4 The loss of all forced draft fans shall activate the

master fuel trip relay.

Block 5
Low combustion airflow below the permitted limits
shall activate the master fuel trip relay.

Block 6 (See A.6.4.1.2.1 .)
High positive furnace pressure shall activate the
master fuel trip relay. High negative furnace
pressure shall activate the master fuel trip relay.

Block 7
Loss of all flame in the furnace shall activate the
master fuel trip relay.

Block 8 (See A.6.4.1.2.1.)
A partial loss of flame that results in a hazardous
condition shall activate the master fuel trip relay.

Block 9 (See A.6.4.1.2.1.)

When all fuel inputs to the furnace are shut off
following a shutdown of the boiler for any reason, the
master fuel trip relay shall be activated in
accordance withTable 6.4.1.2.1(b) or Table
6.4.1.2.1(c).

Block 10a(See A.6.4.1.2.1.)
For drum-type boilers, a low drum water level shall
activate the master fuel trip relay.

Block 10b (See
A.6.4.1.2.1 A.6.4.1.2.1A.6.4.1.2.1. )

For once-through boilers, water waterwall  flow below
the minimum specified by the manufacturer or
related waterwall protection signals shall activate
the master fuel trip relay.

Block 11
A manual switch that actuates the master fuel trip
relay directly shall be provided for use by the
operator in an emergency.

Block 12

The igniter fuel trip shall activate the master fuel trip
relay in accordance with Table 6.4.1.2.1(b) or Table
6.4.1.2.1(c), if igniter fuel is the only fuel in service
or if it is being used to stabilize a main fuel.

Block 13a

When the fuel gas burner header fuel pressure is
above the maximum or below the minimum for a
stable flame, that fuel shall be tripped. If fuel gas is
the only fuel in service, the master fuel trip relay
shall be actuated.

Block 13b

When the fuel oil burner header fuel pressure is
below the minimum for a stable flame, that fuel shall
be tripped. If fuel oil is the only fuel in service, the
master fuel trip relay shall be actuated.

Block 13c

This block represents operation of the fuel oil trip to
prevent operation when atomizing air or steam
pressure is out of range. If fuel oil is the only fuel in
service, the master fuel trip relay shall be actuated.

Block 13d

This block represents the tripping/shutdown of coal-
firing equipment that will cause a coal fuel trip. If
coal is the only fuel in service, the master fuel trip
relay shall be actuated.

Loss of flame at an individual fuel gas or fuel oil
burner with one or more additional burners operating
with stable flames that does not introduce a serious
enough condition to warrant a master fuel trip as
called for in block 8 shall close the individual burner
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Block 14a safety shutoff valve(s) and associated igniter safety
shutoff valve(s) and de-energize the associated
igniter spark. For gang-operated burner valves, the
requirements of 6.6.5.2.1.3(B)(19) and
6.7.5.2.1.3(B)(19) shall be met.

Block 14b
On loss of main coal burner flame, the tripping
strategies of 6.8.4shall be followed.

Table 6.4.1.2.1(b) Fuel Inputs Shutoff When Class 1 Igniters Are Used

Condition Action Required

(1) First Class 1 igniter(s) fails to light after
successful unit purge. [See 6.6.5.2.1.3(B)
(9), 6.6.5.2.1.3(B)(10), and 6.8.5.2.1.3(B)
(7).]

(1) Igniter valve(s) shall be closed
immediately. Master fuel trip not required,
but a 1-minute delay shall be required
before retrial of that or any other igniter.

(2) Any igniters proven on, all other fuel
sources off, all igniter valves subsequently
closed.

(2) Master fuel trip shall be actuated.

(3) Any Class 1 igniter(s) proven on, any
burner valve leaves closed limit, all burner
valves subsequently closed, no other main
fuel in service, igniter(s) remain proven.

(3) Associated main fuel gas trip valve
and/or fuel oil trip valve shall be closed (fuel
gas trip and/or fuel oil trip), proven igniters
shall be permitted to remain in service.

(4) Any Class 1 igniter(s) proven on, any
pulverizer startup initiated, all pulverizers
subsequently stopped, no other main fuel in
service, igniter(s) remain proven.

(4) Proven igniters shall be permitted to
remain in service.

(5) All igniter and burner valves closed and
all feeders or pulverizers stopped.

(5) Master fuel trip shall be actuated.

Table 6.4.1.2.1(c) Fuel Inputs Shutoff When Class 2 or Class 3 Igniters Are Used

Condition Action Required

(1) First Class 2 or 3 igniter(s) fails to light
after successful unit purge. [See
6.6.5.2.1.3(B)(9), 6.6.5.2.1.3(B)(10), and
6.8.5.2.1.3(B)(7).]

(1) Igniter valve(s) shall be closed
immediately. Master fuel trip not required, but
a 1-minute delay shall be required before
retrial of that or any other igniter.

(2) Any igniters proven on, all other fuel
sources off, all igniter valves subsequently
closed.

(2) Master fuel trip shall be actuated.

(3a.1) Class 2 igniter(s) proven on, first
main burner trial for ignition fails.

(3a.1) Master fuel trip shall be actuated.

(3a.2) Class 2 igniter(s) proven on, last
main burner is taken out of service in a
normal shutdown.

(3a.2) Associated main fuel gas trip valve
and/or fuel oil trip valve shall be closed (fuel
gas trip and/or fuel oil trip), proven igniters
shall be permitted to remain in service.

(3a.3) Class 2 igniter(s) proven on, last
main burner is taken out of service in an
abnormal shutdown.

(3a.3) Master fuel trip shall be actuated.

(3b.1) Class 3 igniters proven on, first main
burner trial for ignition fails.

(3b.1) Master fuel trip shall be actuated.

(3b.2) Class 3 igniter(s) proven on, last
main burner is taken out of service in a (3b.2) Master fuel trip shall be actuated.
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normal shutdown.

(3b.3) Class 3 igniter(s) proven on, last
main burner is taken out of service in an
abnormal shutdown.

(3b.3) Master fuel trip shall be actuated.

(4) Any Class 2 igniter(s) proven on, any
pulverizer startup initiated, all pulverizers
subsequently stopped, no other main fuel
in service, igniter(s) remain proven.

(4) (a) If first pulverizer fails to ignite as
described in 6.8.5.2.1.3(B)(12), master fuel
trip shall be actuated.

(b) If last pulverizer in service is tripped,
master fuel trip shall be actuated.

(c) If last pulverizer in service is taken out of
service in a normal shutdown sequence by
an operator, proven igniters shall be
permitted to remain in service.

(5) All igniter and burner valves closed and
all feeders or pulverizers stopped.

(5) Master fuel trip shall be actuated.
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Second Revision No. 58-NFPA 85-2014 [ Section No. 6.4.1.2.4.3(D) ]

(D)  

After completion of the boiler enclosure purge, one of the following actions shall be
permitted:

(1)

(2)

(3) Relight in accordance with 6.6.5, 6.7.5, or 6.8.5, as applicable, depending on the
fuels being fired.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 16:36:44 EST 2014

Committee Statement

Committee
Statement:

 The revision is consistent with the 2011 edition requirement and the current
industry practice of "bottling up" the boiler.

Response
Message:

* Shut down the FD and ID fans and open all dampers to allow an open flow path
through the boiler enclosure.

* Shut down the FD and ID fans and close dampers in the boiler flue gas path and
air path .
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Second Revision No. 47-NFPA 85-2014 [ Section No. 6.4.2.1.27 ]

6.4.2.1.27  Axial Flow Fan Nearing Stall Line.

This condition shall be sensed and alarmed in accordance with the
manufactuer's manufacturer's  recommendations.
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Second Revision No. 48-NFPA 85-2014 [ New Section after 6.5.2.1 ]

6.5.2.1.2   

High positive furnace pressure trip interlock shall be selected based on the positive
design pressure of the furnace.

6.5.2.1.3   

High negative furnace pressure trip interlock shall be selected such that the trip value
and the resulting negative furnace pressure transient do not exceed the furnace negative
transient design pressure.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 13:40:06 EST 2014

Committee Statement

Committee
Statement:

 The addition of the high negative furnace pressure trip requirement to the code
requires that additional guidance be provided on setting the high negative pressure
trip set point.
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Public Comment No. 47-NFPA 85-2013 [New Section after 6.5.2.1]
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Second Revision No. 49-NFPA 85-2014 [ Section No. 6.5.2.1 ]

6.5.2.1  Functional Requirements.

The furnace pressure control system shall control the furnace pressure at the set point in
the combustion chamber.

6.5.2.1.1   

The furnace pressure control system shall control the furnace pressure at the set point
in the combustion chamber.

6.5.2.1.2   

Global SR-48   Hide Deleted

High positive furnace pressure trip interlock shall be selected based on the positive
design pressure of the furnace.

6.5.2.1.3   

High negative furnace pressure trip interlock shall be selected such that the trip value
and the resulting negative furnace pressure transient do not exceed the furnace negative
transient design pressure.
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Zip:
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Second Revision No. 52-NFPA 85-2014 [ New Section after 6.5.3.2.2 ]

6.5.3.2.3   

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.
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Submittal Date: Tue Jan 14 15:22:05 EST 2014

Committee Statement

Committee
Statement:

 The paragraph is reinstated because it appears to have been improperly
deleted during the editing process.
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Second Revision No. 53-NFPA 85-2014 [ Section No. 6.6.3.1.11.1 ]

6.6.3.1.11.1  

Tightness tests of the main safety shutoff valves, individual burner safety shutoff valves,
and associated vent valves shall be performed at least annually or, for continuously fired
units, at the first opportunity that the unit is down since the last tightness test was
performed, whichever is longer .

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 15:37:25 EST 2014

Committee Statement

Committee
Statement:

 The revised text provides a specific time frame for performing the leak test. In
addition, the revision addresses testing on units that are continuously fired. The
intention is to not require a shutdown of a continuously-fired unit just for the purpose
of this test. The revised text allows users to perform the test at the first unit
shutdown.
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Public Comment No. 32-NFPA 85-2013 [Section No. 6.6.3.1.11.1]
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Second Revision No. 63-NFPA 85-2014 [ Section No. 6.6.5.1.3.2 ]

6.6.5.1.3.2*  

Successful completion of the leak test shall be done accomplished  before the main gas
supply fuel  header is placed into operation.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 17:33:48 EST 2014

Committee Statement

Committee
Statement:

 The paragraph is revised editorially to be consistent with similar language
used for fuel oil header testing.

Response
Message:

Second Revision No. 54-NFPA 85-2014 [ Section No. 6.6.5.2.1.3(B) ]

(B)  

The starting sequence shall be performed in the following order:

(1) An open flow path from the inlets of the FD fans through the stack shall be verified.

(2) An ID fan, if provided, shall be started; an FD fan then shall be started. Additional ID
fans or FD fans shall be started in accordance with 6.5.3, as necessary, to achieve
purge flow rate.

(3) Dampers and burner registers shall be opened to the purge position in accordance
with the open register purge method objectives outlined in 6.6.5.1.5.7.

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

(5) The main fuel control valve shall be closed positioned at lightoff firing rate (or closed
if a bypass regulator is being provided)  and the main safety shutoff valve(s) shall be
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opened, but only after the requirements of 6.6.5.1.3 for leak test requirements and
6.4.1.2.4 for permissive conditions in the unit purge system have been satisfied.

(6) It shall be determined that the main fuel control valve is closed, and the following
procedures shall be performed:

(a) The main fuel bypass control valve, if provided, shall be set to maintain the
necessary burner header fuel pressure for light-off.

(b) The burner headers shall be vented in order to be filled with fuel gas and to
provide a flow (if necessary) so that the main fuel and bypass fuel control
valves function to regulate and maintain the correct pressure for burner light-off.

(c) The main fuel control valve shall be opened when necessary.

(d) The time needed to vent for control of header pressure after header charging
shall be evaluated and minimized.

(7) The igniter safety shutoff valve shall be opened, and the following shall be
performed:

(a) It shall be confirmed that the igniter fuel control valve is holding the
manufacturer's recommended fuel pressure necessary for the igniter to operate
at design capacity.

(b) The igniter headers shall be vented in order to be filled with fuel gas and to
provide a flow (if necessary) so that the igniter fuel control valve functions to
regulate and maintain the pressure within design limits specified by the
manufacturer for lighting the igniters.

(c) The time needed to vent for control of header pressure after header charging
shall be evaluated and minimized.

(8) The air register or damper on the burner selected for light-off shall be adjusted to the
position recommended by the manufacturer or the established operating procedure,
in accordance with 6.6.5.1.5.7(C) through 6.6.5.1.5.7(F).

(9) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall
be initiated, and the procedure shall continue as follows:

(a) The individual igniter safety shutoff valve(s) shall be opened, and all igniter
system atmospheric vent valves shall be closed.

(b) If flame on the first igniter(s) is not established within 10 seconds, the
individual igniter safety shutoff valve(s) shall be closed and the cause of failure
to ignite shall be determined and corrected.

(c) With airflow maintained at purge rate, repurge shall not be required, but at
least 1 minute shall elapse before a retrial of this or any other igniter is
attempted.

(d) Repeated retrials of igniters without investigating and correcting the cause of
the malfunction shall be prohibited.

(10) Where Class 3 special electric igniters are used, the procedures described in
6.6.5.2.1.3(B)(1) through 6.6.5.2.1.3(B)(6), 6.6.5.2.1.3(B)(8), and 6.6.5.2.1.3(B)
(11) through 6.6.5.2.1.3(B)(14) shall be used, consistent with the the requirements
for individual main burner flame supervision.

(11) After making certain that the igniter(s) is established and is providing the required
level of ignition energy for the main burner(s), the following shall be performed:
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(a) The individual burner safety shutoff valve(s) shall be opened and the individual
burner atmospheric vent valves shall be closed.

(b)  Except where associated Class 1 igniters are in service, a master fuel trip
shall be initiated when the flame detection system(s) indicates that ignition
has not been obtained within 5 seconds of the time the main fuel actually
begins to enter the furnace.

(c) Purging shall be repeated, and the conditions that caused the failure to ignite
shall be corrected before another light-off attempt is made.

(d) 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.

(e) All conditions required by the manufacturer or by established operating
procedures for light-off shall exist before restarting the burner(s).

(12) After stable flame is established, the air register(s) or damper(s) shall be adjusted
slowly to its 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.

(13) Class 3 igniters shall be shut off at the end of the time trial for proving the main
flame, and the following shall be verified:

(a) The stable flame continues on the main burners after the igniters are shut off.

(b) The systems that allow the igniters to remain in service on either an
intermittent or a continuous basis have been tested to meet all the
requirements of Class 1 igniters or Class 2 igniters with associated interlocks
in service.

(14) After stable burner header pressure control has been established, the burner header
atmospheric vent valve shall be closed.

(15)* The sequence shall continue as follows:

(a) The procedures in 6.6.5.2.1.3(B)(8) through 6.6.5.2.1.3(B)(13) shall be
followed for placing additional burners with open registers in service, as
necessary, to raise steam pressure or to carry additional load.

(b) If used, automatic control of burner fuel flow and burner airflow during the
lighting and start-up startup  sequence shall be in accordance with the
requirements of 6.6.5.2.1.3(B)(17).

(c) 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.

(d) The established airflow through each open register shall be permitted to be
maintained by controlling the windbox-to-furnace differential.

(e) 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.

(f) If it is necessary to vary fuel header pressure to eliminate a problem of having
excessive lighting off and shutting down of burners, such variations shall be
limited to a predetermined range.

(g) This range shall be a function of the incremental fuel input that is added by the
lighting of a single burner or gang of burners.
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(16) The maximum number of burners shall be placed in service consistent with the
anticipated continuous load and the operating range of fuel header pressures.

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

(a) A predetermined minimum main fuel input has been attained.

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

(c) The burner fuel and airflow are adjusted as necessary.

(d) Stable flame and specified furnace conditions have been established.

(18) 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 reliably supervised, so that failure of one of the group to light causes the fuel to
all igniters in the group to shut off.

(19) It also shall be permitted to place in service simultaneously a multiple number of
burners served by their corresponding multiple igniters from a single burner safety
shutoff valve, 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.

(20) On units with an overfire air system, the overfire air control damper positions shall
be permitted to be changed only when repositioning of all burner air registers or
burner air dampers is permitted.

(21) On units with an overfire air system, the boiler shall be operating in a stable manner
before the overfire air is introduced. The introduction of the overfire air shall not
adversely affect boiler operation.

(22) On units with an overfire air system and a reburn system, the overfire air shall be
placed in operation before the reburn fuel sequence is started.

(23) A reburn system shall be placed in service only after the following have occurred:

(a) The boiler shall be operating at a load that ensures the introduction of the
reburn fuel will not adversely affect continued boiler operation.

(b) The temperature in the reburn zone shall be maintained in accordance with
6.6.3.5.2.

(c) The boiler shall be operating in a stable manner before the reburn start-
up startup  sequence is initiated.
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Committee Statement

Committee
Statement:

 If a bypass regulator for burner lightoff is not provided, the valve needs to be
proven at lightoff firing rate (minimum position).

Response
Message:

Public Comment No. 37-NFPA 85-2013 [Section No. 6.6.5.2.1.3(B)]

Second Revision No. 55-NFPA 85-2014 [ Section No. 6.6.5.2.3.10 ]

6.6.5.2.3.10*  

After shutting down the forced and induced draft fans have been shut down , dampers in
the flue gas and air path shall be permitted to be closed.
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Committee Statement

Committee
Statement:

 The revision is consistent with the 2011 edition requirement and the current
industry practice of "bottling up" the boiler.

Response
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Public Comment No. 80-NFPA 85-2013 [Section No. 6.6.5.2.3.10]
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Second Revision No. 59-NFPA 85-2014 [ Section No. 6.7.3.1.2.2 ]

6.7.3.1.2.2*  

Relief valve discharge passages, vents, and telltales outlets  shall be provided with
suitable  piping to allow discharge of fuel oil, vapors, or toxic fumes in accordance with
the requirements of 4.9.1 liquids and vapors away from sources of ignition, combustion air
intakes, building ventilation systems, or windows of a boiler or HSRG room or adjacent
buildings and shall be designed for the expected range of external temperatures and
protected against mechanical damage .
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State:

Zip:

Submittal Date: Tue Jan 14 16:51:19 EST 2014

Committee Statement

Committee
Statement:

 The First Draft text referenced section 4.9.1 which is for Gaseous Vents. The
paragraph is revised because vents, drains, and telltales are not generally piped
away from their location. The flow only occurs when personnel are in attendance.
Relief valves are automatic devices and can operate at any time, and are generally
provided with fixed discharge piping. Therefore, the requirement is limited to relief
valve discharge piping and guidance is added to the annex to advise users on
discharge from vents, drains, and telltales.
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Public Comment No. 14-NFPA 85-2013 [Section No. 6.7.3.1.2.2]
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Second Revision No. 61-NFPA 85-2014 [ Section No. 6.7.3.1.11.1 ]

6.7.3.1.11.1  

Tightness tests of the main safety shutoff valves and individual burner safety shutoff
valves shall be performed at least annually or, for continuously fired units, at the first
opportunity that the unit is down since the last tightness test was performed, whichever
is longer .

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:
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Committee Statement

Committee
Statement:

  The text is revised to provide a time frame for the tightness test. In addition.
language is added to address continuously-fired unit. It is not the intent to require
continuously-fired units to be shut down just for the purpose of this test. The revised
language allows these units to be tested at the first shutdown opportunity.
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Public Comment No. 30-NFPA 85-2013 [Section No. 6.7.3.1.11.1]
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Second Revision No. 64-NFPA 85-2014 [ Section No. 6.7.5.1.2.1 ]

6.7.5.1.2.1  

Cleaning devices shall be operated only where heat input to the furnace is at a rate high
enough to prevent a flameout during the sootblower cleaning device  operation.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 17:35:15 EST 2014

Committee Statement

Committee
Statement:

 In the revised First Revision text, the term "sootblower" has been revised to a
generic term of "cleaning devices". However, in the First Revision, only the first
occurrence was modified. The Second Revision makes the paragraph consistent with
the new terminology throughout.
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Public Comment No. 55-NFPA 85-2013 [Section No. 6.7.5.1.2.1]
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Second Revision No. 65-NFPA 85-2014 [ Section No. 6.7.5.1.2.3 ]

6.7.5.1.2.3  

The use of waterwall cleaning devices and high temperature superheater and reheater
sootblowers cleaning devices  shall be permitted for cleaning during periods of unit outage
if a unit purge has been completed and purge rate airflow is maintained.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 17:36:03 EST 2014

Committee Statement

Committee
Statement:

 "Sootblower" is replaed by the general term "cleaning devices" to be consistent
with other changes in the code. 
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Public Comment No. 59-NFPA 85-2013 [Section No. 6.7.5.1.2.3]
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Second Revision No. 62-NFPA 85-2014 [ Section No. 6.7.5.1.3 ]

6.7.5.1.3*  Operational Leak Test.

An operational leak test shall be performed in accordance with established procedures
while maintaining, at a minimum, purge rate airflow before the oil supply header is placed
in service.

6.7.5.1.3.1   

An operational leak test of the fuel header piping system shall be performed in
accordance with established procedures while maintaining, at a minimum, purge rate
airflow.

6.7.5.1.3.2   

Successful completion of the leak test shall be accomplished before the fuel header is
placed into operation.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 17:21:22 EST 2014

Committee Statement

Committee
Statement:

 The text is revised to be consistent with similar language referring to the fuel
gas header operational leak test.
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Message:
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Second Revision No. 56-NFPA 85-2014 [ Section No. 6.7.5.2.3.11 ]

6.7.5.2.3.11*  

After shutting down the forced and induced draft fans have been shut down , dampers in
the flue gas path and air path shall be permitted to be closed.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 16:34:06 EST 2014

Committee Statement

Committee
Statement:

 The revision is consistent with the 2011 edition requirement and the current
industry practice of "bottling up" the boiler.
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Public Comment No. 79-NFPA 85-2013 [Section No. 6.7.5.2.3.11]
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Second Revision No. 57-NFPA 85-2014 [ Section No. 6.8.5.2.3.7 ]

6.8.5.2.3.7*  

After shutting down the forced and induced draft fans have been shut down , dampers in
the flue gas path shall be permitted to be closed.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 14 16:35:04 EST 2014

Committee Statement

Committee
Statement:

 The revision is consistent with the 2011 edition requirement and the current
industry practice of "bottling up" the boiler.

Response
Message:

Public Comment No. 78-NFPA 85-2013 [Section No. 6.8.5.2.3.7]
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Second Revision No. 72-NFPA 85-2014 [ New Section after 7.4.3.1.11.2 ]

7.4.3.1.11.3   

Tightness tests of the main safety shutoff valves, individual burner safety shutoff valves,
and associated vent valves shall be performed at least annually or, for continuously fired
units, at the first opportunity that the unit is down since the last tightness test was
performed, whichever is longer.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 21 14:04:08 EST 2014

Committee Statement

Committee
Statement:

 The committee provided a positive requirement for performing tightness tests on fuel
gas supply shutoff valves, including a specific time-frame for performing the test. The
committee mirrored requirements added to chapter 6.

Response
Message:

Public Comment No. 33-NFPA 85-2013 [New Section after 7.4.3.1.11.2]

Public Comment No. 61-NFPA 85-2013 [Section No. 7.4.3.1.11]
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Second Revision No. 73-NFPA 85-2014 [ New Section after 7.4.3.2.15.2 ]

7.4.3.2.15.3   

Tightness tests of the main safety shutoff valves and individual burner safety shutoff
valves shall be performed at least annually or, for continuously fired units, at the first
opportunity that the unit is down since the last tightness test was performed, whichever
is longer.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 21 14:13:27 EST 2014

Committee Statement

Committee
Statement:

 The committee added a positive requirement for performing tightness tests of the oil
supply shutoff valves, including a time frame for performing these tests. The
requirement mirrors language that was added to chapter 6.

Response
Message:

Public Comment No. 34-NFPA 85-2013 [New Section after 7.4.3.2.15]
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Second Revision No. 74-NFPA 85-2014 [ Section No. 7.10.2.3.9 ]

7.10.2.3.9  Duct Burner Discharge Temperature (High).

The discharge temperature from a burner, such as a duct burner, that is designed to
maintain a desired discharge temperature shall be monitored and alarmed when the
temperature exceeds the maximum operating temperature in order to warn the operator in
advance of the temperature that leads to a trip.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 21 14:22:40 EST 2014

Committee Statement

Committee
Statement:

 The paragraph is revised to be consistent with similar language for fuel gas
systems in 7.10.2.2.7.

Response
Message:



Second Revision No. 66-NFPA 85-2014 [ Section No. 8.4.3.2.1.10 ]

8.4.3.2.1.10  Tightness Test.

(A)*   

Tests of the main safety shutoff valves and the individual burner safety shutoff valves shall be
performed at least annually or, for continuously fired units, at the first opportunity that the unit is
down since the last tightness test was performed, whichever is longer .

(B)  

Permanent provisions shall be included in the fuel piping to allow testing for leakage.

Supplemental Information

File Name Description

A.8.4.3.2.1.10_A_SR_66.docx Edited Word doc for A.8.4.3.2.1.10(A) 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jan 16 11:41:16 EST 2014

Committee Statement and Meeting Notes

Committee
Statement:

 The revised text provides a specific time frame for performing the leak test. In addition, the

revision addresses testing on units that are continuously operated. The intention is to not
require a shutdown of a continuously-fired unit just for the purpose of this test. The revised
text allows users to perform the test at the first unit shutdown. Additional text has been
added to annex A.

Response
Message:
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A.8.4.3.2.1.10(A) The intention is to not require a shutdown of a continuously operating unit just 

for the purpose of this test. The paragraph allows users to perform the test at the first unit 

shutdown of sufficient length to accommodate the performance of the test. 

 



Second Revision No. 67-NFPA 85-2014 [ Section No. 8.8.4.7.4(B) ]

(B)*   Pressurized Pipe Section Method.

(1) Where provided, duct burner normal shutdown shall be accomplished.

(2)

(3) Air or inert gas shall be introduced to create and maintain a pressurized pipe section between the middle
and most downstream block valves.

(4) An inert liquid shall be permitted to be used in lieu of inert gas if acceptable to the original equipment
manufacturer.

(5) The upstream drain valve shall remain in the fully open position, and the downstream drain valve shall
remain in the fully closed position as long as purge credit is established.

(6) The liquid fuel block and drain valve positions shall be continuously monitored. If continuous monitoring
is lost or any valve deviates from its assigned position, purge credit is lost and subsequent start of the
combustion turbine requires a combustion turbine purge prior to lightoff, in accordance with 8.8.4.2 .

(7) Pressures in the two double block and drain pipe sections shall be continuously monitored. If the
continuous monitoring is lost or the pressure downstream of the middle block valve decreases to less
than 20.7 kPa (3 psid) above the upstream pressure, purge credit is lost and subsequent start-up of the
combustion turbine requires a combustion turbine purge prior to light-off, in accordance with 8.8.4.2 .

(8) The combustion turbine purge credit period is maintained as long as the conditions in 8.8.4.7.4(B)
(5)8.8.4.7.4(B)(4) , 8.8.4.7.4(B)(6)8.8.4.7.4(B)(5) , and 8.8.4.7.4(B)(7)8.8.4.7.4(B)(6) are met.

(9) Provisions shall be made to ensure that fuel cannot enter the air, inert gas,  or inert gas liquid  supply line
at any time.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jan 16 13:10:47 EST 2014

Committee Statement and Meeting Notes

Committee
Statement:

 Paragraph 8.8.4.7.5 is relocated to 8.8.4.7.4(B) because it is only relevant to the pressurized pipe
section method for liquid fuel systems. A reference to inert liquid is added to (9) to be consistent with
the addition of the new 8.8.4.7.4(B)(4). The related paragraph is deleted from its current location in SR
68.
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Public Comment No. 16-NFPA 85-2013 [Section No. 8.8.4.7.4(B)]

* Combustion turbine normal shutdown shall be accomplished.
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Public Comment No. 16-NFPA 85-2013 [Section No. 8.8.4.7.4(B)]

Second Revision No. 68-NFPA 85-2014 [ Section No. 8.8.4.7.5 ]

8.8.4.7.5   

An inert liquid shall be permitted to be used in lieu of inert gas if acceptable to the
original equipment manufacturer.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jan 16 13:17:19 EST 2014

Committee Statement

Committee
Statement:

 Paragraph 8.8.4.7.5 is relocated to 8.8.4.7.4(B) because it is only relevant to the
pressurized pipe section method for liquid fuel systems.
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Public Comment No. 17-NFPA 85-2013 [Section No. 8.8.4.7.5]
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Second Revision No. 20-NFPA 85-2014 [ Section No. 9.3.1.4 ]

9.3.1.4*  

The Where removal of foreign materials is required to meet 9.3.1.1  and 9.3.1.2 , the
pulverized fuel system shall be designed and operated to enable the safe removal of
foreign material with the pulverizer in service .

Supplemental Information

File Name Description

A.9.3.1.4_SR_20.docx Annex material 

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 09:19:21 EST 2014

Committee Statement

Committee
Statement:

 The mandatory text was modified because not all pulverized fuel systems require
the removal of foreign materials (pyrites), for example horizontal ball tube mills.
Annex material was added to further clarify the use of the term "safe removal."
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A.9.3.1.4 Design and operation for the safe removal of foreign materials should take into 

consideration the protection of personnel and the prevention of fire or explosion.  Such 

measures could include controlling combustible dust and hot gases from being released 

during pyrite removal.   
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Second Revision No. 24-NFPA 85-2014 [ Section No. 9.3.2 ]

9.3.2*  Hazards in Pulverized Fuel Systems.

Design, operation, control, and maintenance of a pulverized fuel system shall address
inherent hazards. The , and the prevention of such conditions shall include but not be
restricted to the necessary control of the following:

(1) Feeding of raw fuel into the pulverizer

(2) Influx of hot air or flue hot  gas into the pulverizer

(3) Influx of tempering air or tempering gas into the pulverizer

(4) Influx of vent air into the pulverizer

(5)

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 13:36:41 EST 2014

Committee Statement

Committee
Statement:

 The language is modified because hot or tempering gas that could be introduced
to the pulverizer is not necessarily air or flue gas.

Response
Message:

* Influx of ambient air into negative-pressure indirect-fired systems
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Second Revision No. 21-NFPA 85-2014 [ Section No. 9.3.4 ]

9.3.4  

The system shall include indicators and annunciators that provide the operator with all
necessary information about significant operating conditions, both normal and abnormal,
throughout the system.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 09:27:21 EST 2014

Committee Statement

Committee
Statement:

 The language is modified to replace undefined terms "necessary information" and
"significant operating conditions." It will be up to the OEM to identify what indicators
and annunciators are required that determine normal and abnormal operating
conditions.
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Message:
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Second Revision No. 25-NFPA 85-2014 [ Section No. 9.4.2.3 ]

9.4.2.3*  

Water Procedures  shall not be used established to extinguish fires in the raw fuel
bunker.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 13:45:46 EST 2014

Committee Statement

Committee
Statement:

 The text is modified to remove the prohibition on the use of water. Field experience
indicates that water may be the only fire-extinguishing media available, and therefore
should not be prohibited.
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Second Revision No. 30-NFPA 85-2014 [ Section No. 9.4.3.2.1 ]

9.4.3.2.1  

The raw fuel feeder system, including but not limited to raw fuel feeding devices,
discharge hoppers, and feed pipes to the pulverizer for a direct-fired system shall begin at
a point that includes a minimum coal fuel  column of 0.61 m (2 ft) above the raw fuel
feeder inlet and shall end at the pulverizer fuel inlet.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 15:31:30 EST 2014

Committee Statement

Committee
Statement:

 The text was revised to reinstate the location of the raw fuel column as being above
the feeder inlet. The reference to coal was changed to fuel to be consistent with the
scope of the chapter.
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Second Revision No. 31-NFPA 85-2014 [ Section No. 9.4.3.2.7.1 ]

9.4.3.2.7.1  

All valves in the raw fuel feeder system from a point that includes a minimum coal column
of 0.61 m (2 ft) to the point of consumption of the pulverized fuel shall shall have
construction that is capable of withstanding pressures as defined in 9.4.3.2.2 or
9.4.3.2.7.3, depending on the application.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 15:43:48 EST 2014

Committee Statement

Committee
Statement:

 The boundaries of the raw fuel feeder system are defined in 9.4.3.2.1, therefore it
is not needed to repeat it in the valves section.
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Message:
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Second Revision No. 32-NFPA 85-2014 [ Section No. 9.4.5.1.2.1 ]

9.4.5.1.2.1  

These components shall begin at a point that includes a minimum coal column of 0.61 m
(2 ft) at the the pulverizer fuel inlet, the point of connection of ductwork to the pulverizer,
and at the seal air connections to the pulverizer system, and they shall end at the
discharge of the pulverizer, external classifier, or exhauster.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 15:49:44 EST 2014

Committee Statement

Committee
Statement:

 The paragraph is revised because the 2 ft fuel column is not applicable to the
pulverizer system as defined. The 2 ft fuel column is applicable only to the raw fuel
feeder system.

Response
Message:



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 57/130

Second Revision No. 33-NFPA 85-2014 [ Section No. 9.4.5.1.6.1 ]

9.4.5.1.6.1  

All valves in the pulverizer system from a point that includes a minimum coal column of
0.61 m (2 ft) to the point of consumption of the pulverized fuel  shall have construction
that is capable of withstanding pressures as defined in 9.4.3.2.2 or 9.4.3.2.7.3,
depending on the application.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 15:57:50 EST 2014

Committee Statement

Committee
Statement:

 The text is revised to address the valves in the pulverizer system only, as
defined above in 9.4.5.1.2.1.
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Message:



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 58/130

Second Revision No. 34-NFPA 85-2014 [ New Section after 9.4.6.1 ]

9.4.6.1   

The firing system shall begin at the discharge of the pulverizer, external classifier, or
exhauster and shall end at the pulverized fuel burner.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 16:04:01 EST 2014

Committee Statement

Committee
Statement:

 Additional language is needed to define the boundaries of the firing system. This is
consistent with the previous sections on raw fuel feeder system and pulverizer
system.

Response
Message:

Second Revision No. 17-NFPA 85-2014 [ Section No. 9.4.6.12.1

[Excluding any Sub-Sections] ]
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For a suction furnace that can be fired by other main fuels or that is connected to two or
more pulverizers or exhausters, valves, as shown in Figure 9.4.6.12.1 Figure 9.4.6.13.1
details (c), (d), (e), (f), (g), (h), and (i), shall be installed to isolate all burner lines.

Figure 9.4.6.13.1 Direct-Fired Pulverized Fuel System's Valve Requirements in
Burner Piping.

Supplemental Information

File Name Description

G83-16r1.jpg Modified Figure 9.4.6.12.1 (G85-16r1) 
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Zip:

Submittal Date: Tue Jan 07 08:41:33 EST 2014

Committee Statement

Committee
Statement:

 The second revision results in changing the term "Divider" to "Distributor" in the
figure 9.4.6.12.1(c). The change is made to be consistent with terminology
throughout chapter 9.

Response
Message:

Second Revision No. 35-NFPA 85-2014 [ Section No. 9.4.6.13.1 ]

9.4.6.14.1  

All valves in the firing system from a point that includes a minimum coal column of 0.61
m (2 ft) to the point of consumption of the pulverized fuel  shall have construction that is
capable of withstanding pressures as defined in 9.4.5.1.2  or 9.4.6.13.3 9.4.6.14.3 ,
depending on the application.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 16:14:12 EST 2014

Committee Statement

Committee
Statement:

 The paragraph is revised to properly identify the valves in the firing system,
which is defined in the new 9.4.6.1.
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Second Revision No. 18-NFPA 85-2014 [ Section No. 9.4.7.1.3 ]

9.4.7.1.3  

Where an The pulverizer  inerting system is required , it shall be permanently installed
and equipped with connections, which shall be a minimum of 25 mm (1 in.) in diameter.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 08:53:08 EST 2014

Committee Statement

Committee
Statement:

 The language is revised to be consistent with 9.4.7.1.1 that requires an
emergency inerting system on all pulverized fuel installations.

Response
Message:

Second Revision No. 36-NFPA 85-2014 [ Section No. 9.5 ]

9.5  Indirect-Fired Pulverized Fuel Systems.

9.5.1  Introduction.

General requirements for indirect-fired pulverized fuel systems shall be covered by this
section, and specific requirements for only the more commonly used indirect-fired unit
systems shall be covered in detail.

9.5.1.1  

In addition to the components of a direct-fired system as listed in 9.4.1.1 ,  a typical
indirect-fired system shall include some or all of the following special equipment:

(1) Pulverized Fu el fuel -air separation

(2) Pulverized fuel transport system

(3) Pulverized fuel storage

(4) Separated air

9.5.2  Raw Fuel Bunker.
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9.5.2.1  

The raw fuel bunker structural material shall be made of noncombustible material and
shall be designed to provide the following mass flow and self-cleaning flow
characteristics:

(1) An uninterrupted flow of fuel being handled at a controlled rate

(2) A flow pattern in which arching and ratholing (piping) are avoided

9.5.2.2  

The bunker outlet feeder(s) shall be coordinated with the bunker to avoid the probability
that incorrect feeder selection will result in altering selected to ensure that  the bunker
flow characteristics as specified in 9.5.2.1(1)  or 9.5.2.1(2) are maintained .

9.5.2.3  

Provisions shall be made to prevent the accumulation of flammable mixtures of air, fuel
dust, and combustible gases within the bunker.

9.5.2.4  

Procedures shall be established for emergency emptying of raw fuel bunkers.

9.5.2.5*  

Water Procedures  shall not be used established  to extinguish fires in the raw fuel
bunker.

9.5.3  Raw Fuel Feeder System.

9.5.3.1  

Means shall be provided to resist the passage of air or gas from the pulverizer through the
feeder into the bunker.

9.5.3.1.1  

Where used as the means to resist passage of air or gas from the pulverizer, a vertical
column of fuel shall be sized to withstand pulverizer operating pressures, but it shall be
no less than three pipe diameters or hydraulic diameters for noncircular pipe.

9.5.3.2  Strength of Equipment.

9.5.3.2.1  

The raw fuel feeder system, including but not limited to raw fuel feeding devices,
discharge hoppers, and feed pipes to the pulverizer for an indirect-fired system, shall
begin at a point that includes a minimum coal fuel  column of 0.61 m (2 ft),  above the raw
fuel feeder inlet  and shall end at the pulverizer fuel inlet.

9.5.3.2.2  

All components of the raw fuel feeder system shall be designed to withstand an internal
explosion without rupture.

9.5.3.2.2.1*  

All components of the raw fuel feeder system that are designed to be operated at no
more than gauge pressure of 13.8 kPa (2 psi) with a design coal having Pmax of 10 bar-g

or less shall be designed for a maximum allowable working pressure of 344 kPa (50 psi)
for containment of possible explosion pressures.

9.5.3.2.2.2  

For operating gauge pressures in excess of 13.8 kPa (2 psi) and design coal Pmax of 10

bar-g or less, the raw fuel feeder system shall be designed for a maximum allowable
working pressure 3.4 times the absolute operating pressure.
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9.5.3.2.2.3  

Where the design coal Pmax is greater than 10 bar-g, the raw fuel feeder system shall be

designed to withstand internal explosion pressures calculated in accordance with NFPA
68, Standard on Explosion Protection by Deflagration Venting,  or NFPA 69, Standard
on Explosion Prevention Systems . In these calculations, normal unobstructed openings
shall be permitted to be considered in the calculation as mitigation of explosion
pressures.

9.5.3.2.3  

Equipment design strength shall incorporate the combined stresses from mechanical
loading, operating, and explosion and implosion pressures plus an allowance for wear,
which shall be determined by agreement between the manufacturer and the purchaser.

9.5.3.2.4*  

Shock wave pressures shall be included in the design, based on their locations in the
system.

9.5.3.2.5  

The mechanical components, including but not limited to seals, gears, bearings, shafts,
and drives, shall not be required to meet these requirements.

9.5.3.2.6  

Explosion vents shall not be used on the components of the raw fuel feeder system.

9.5.3.2.7  Valves.

9.5.3.2.7.1  

All valves in the raw fuel feeder system from a point that includes a minimum coal column
of 0.61 m (2 ft) to the point of consumption of the pulverized fuel shall have construction
that is capable of withstanding pressures as defined in 9.5.3.2.2 9.5.3.2.2.2 9.5.3.2.2  or
9.5.3.2.7.3, depending on the application.

9.5.3.2.7.2  

These components shall include the following and any other pulverized fuel system
valves:

(1) Barrier valve

(2) Dusttight valve

(3) Check valve

(4) Pressure/air lock

(5) Raw fuel gate

9.5.3.2.7.3  Interconnections.

Valves at points of interconnection between pulverized fuel system components requiring
different design pressures shall comply with the strength requirements of the lower
pressure of the two.

9.5.4  Air and Gas System.

9.5.4.1  

The fan for the pulverizer system shall be permitted to be located upstream (pulverizer
fan) or downstream (exhauster) of the pulverizer.

9.5.4.2  Air Supply Isolation Requirements.

9.5.4.2.1  

For pressurized pulverizers and suction pulverizers with pressurized air supply
installations, there shall be a means for tight shutoff of the hot air supply and a means for
shutting off the primary air supply to each pulverizer.
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9.5.4.2.2  

For suction pulverizer installations with an atmospheric tempering air supply, there shall
be a means for shutting off the hot air supply.

9.5.4.3*  

All ductwork, from the hot and tempering air supply ducts to individual pulverizers,
including damper frames, expansion joints, supports, and hot primary air fans, shall be
designed to contain the test block capability of the pulverizer air supply fan.

9.5.5  Air-Swept Pulverizer System.

9.5.5.1  Strength of Equipment.

9.5.5.1.1  

The pulverizer system components, including the pulverizer, foreign-material collecting
hopper, exhauster, and the external classifier, that are required for containment of internal
pressure,  shall be in accordance with 9.5.5.1.

9.5.5.1.2  

These components shall begin at a point that includes a minimum coal column of 0.61 m
(2 ft), the pulverizer fuel inlet, at the point of connection of ductwork to the pulverizer,
and at the seal air connections to the pulverizer system, and they shall end at the
discharge of the pulverizer, external classifier, or exhauster.

9.5.5.1.3  

All components of the pulverizer system shall be designed to withstand an internal
explosion without rupture.

9.5.5.1.3.1  

All components of the pulverizer system that are designed to be operated at no more
than gauge pressure of 13.8 kPa (2 psi) with a design coal having Pmax of 10 bar-g or

less shall be designed for a maximum allowable working pressure of 344 kPa (50 psi) for
containment of possible explosion pressures.

9.5.5.1.3.2  

For operating gauge pressures in excess of 13.8 kPa (2 psi) and design coal Pmax of 10

bar-g or less, the pulverizer system shall be designed to withstand an internal explosion
pressure 3.4 times the absolute operating pressure.

9.5.5.1.3.3  

Where the design coal Pmax is greater than 10 bar-g, the raw fuel feeder system shall be

designed to withstand internal explosion pressures calculated in accordance with NFPA
68, Standard on Explosion Protection by Deflagration Venting ,  or NFPA 69, Standard
on Explosion Prevention Systems . In these calculations, normal unobstructed openings
shall be permitted to be considered in the calculation as mitigation of explosion
pressures.

9.5.5.1.4  

Equipment design strength shall incorporate the combined stresses from mechanical
loading, operating, and explosion and implosion pressures plus an allowance for wear,
which shall be determined by agreement between the manufacturer and the purchaser.

9.5.5.1.5*  

Shock wave pressures shall be included in the design, based on their locations in the
system.

9.5.5.1.6  

Explosion vents shall not be used on the components of the air-swept pulverizer system.

9.5.5.1.7  Valves.
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9.5.5.1.7.1  

All valves in the pulverizer system from a point that includes a minimum coal column of
0.61 m (2 ft) to the point of consumption of the pulverized fuel shall have construction
that is capable of withstanding pressures as defined in 9.5.5.1.3 or 9.5.5.1.7.3,
depending on the application.

9.5.5.1.7.2  

These components shall include the following and any other pulverized fuel system
valves:

(1) Barrier valve

(2) Dusttight valve

(3) Check valve

(4) Pressure/air lock

(5) Raw fuel gate

9.5.5.1.7.3  Interconnections.

Valves at points of interconnection between pulverized fuel system components requiring
different design pressures shall comply with the strength requirements of the lower
pressure of the two.

9.5.6   Firing System.

9.5.6.1   Piping Arrangement.

9.5.6.1.1   

Piping shall be arranged to prevent hazardous accumulation of fuel.

9.5.6.1.2   

Where the air-fuel stream is directed into multiple pipes, the system shall divide the air-
fuel mixture into design ratio among various pipes.

9.5.6.2   Pipe Velocities.

9.5.6.2.1   

Positive means shall be provided to ensure that all pipe velocities are equal to or above
the minimum velocity required for fuel transport and to prevent flashback from the
burners.

9.5.6.2.2   

Testing during initial start-up and retesting as appropriate shall be performed to verify
that individual pipe velocities are adequate.

9.5.6.3   

All piping system components shall be capable of being cleared of pulverized fuel using
transport air.

9.5.6.4   

The pulverized fuel piping from the outlet of the pulverizer system to the storage bin
shall comply with 9.5.4.1.3.

9.5.6.5   Bend Radii.

9.5.6.5.1   

Pulverized fuel piping shall provide smooth flow and have bend radii not less than one
pipe diameter.

9.5.6.5.2   

Wherever possible, radii in excess of one pipe diameter shall be used.

9.5.6.6   
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Flexible joints and split clamp couplings shall conform to 9.5.6.1 through 9.5.6.5
except that the junction of two sections shall be permitted to be sealed with flexible
material.

9.5.6.6.1   

There shall be no separation of the pipe joint in case of failure of the flexible material.

9.5.6.6.2   

Positive mechanical connections shall be provided between the two sections to
prevent serious misalignment or separation.

9.5.6.7   

At operating temperatures encountered in the service of the equipment, piping
materials shall satisfy the strength requirements of 9.5.5.1.3 and shall comply with
9.3.5.2 for allowable stresses.

9.5.6.8   

Brittle materials having a plastic elongation of less than 8 percent prior to tensile
rupture shall not be used for piping except as abrasion-resistant linings and where no
credit is taken for the structural strength of the lining.

9.5.6.9   

Piping support systems shall be designed and installed in accordance with Chapter 2,
Part 5, of ASME B31.1, Power Piping , so that combined stresses will not be in
excess of those specified in 9.3.5.2.

9.5.6.10   

Pipe that is lined with abrasion-resistant material shall have casing thickness and
flange size that is designed for the strength requirements in 9.5.5.1.3 with no required
allowance for wear.

9.5.6.11   

Prior to initial operation or after piping system renovation, an in-service leak test shall
be performed in accordance with the following procedure:

The system shall be gradually brought up to operating pressure and
temperature.

The system shall be held continuously at the conditions described in 9.5.5.11(1)
for 10 minutes.

All joints and connections shall be examined for leakage.

The system shall show no visual evidence of weeping or leakage.

9.5.6.12   Valves

9.5.6.12.1   

Barrier valves shall be provided in the piping between the pulverized fuel feeders and
the burners of an indirect-fired system that is connected to one or more burners of a
suction furnace.

9.5.6.12.2   

A dusttight valve shall be installed in each burner pipe between the pulverized fuel
feeder and the burner for an indirect-fired system that is connected to one or more
burners of a pressure furnace. These valves shall not be opened until the primary air
pressure is established.
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9.5.6.12.3   

All valves in the firing system from a point that includes a minimum coal column of
0.61 m (2 ft) to the point of consumption of the pulverized fuel shall have construction
that is capable of withstanding pressures as defined in 9.5.5.1.3 or 9.5.6.12.3,
depending on the application.

9.5.6.12.4   

These components shall include the following and any other pulverized fuel system
valves:

Barrier valve

Dusttight valve

Check valve

Pressure/air lock

Raw fuel gate

9.5.6.12.5   Interconnections.

Valves at points of interconnection between pulverized fuel system components
requiring different design pressures shall comply with the strength requirements of the
lower pressure of the two.

9.5.6.13   Primary Air Connections of Pressure Furnace Firing.

9.5.6.13.1   

For pressure furnace firing, a dusttight valve shall be installed between the forced draft
system and the inlet for the primary air fan.

9.5.6.13.2   

A minimum stop shall be provided on the primary air control damper to prevent its
being completely closed unless the shutoff dampers in the burner pipes are closed.

9.5.6  Pulverized Fuel-Air Separation.

9.5.6.1  

Cyclones and dust collectors shall meet the requirements of 9.5.5.1  or shall be
equipped with suitable vents in accordance with NFPA 68, Standard on Explosion
Protection by Deflagration Venting .

9.5.6.2  

The separated fuel shall be transported to storage bins for subsequent supply to the
burners.

9.5.6.3*  

All interconnected equipment in which a deflagration in one component could initiate a
secondary deflagration in a connected component shall be equipped with explosion
isolation or another method to prevent flame front propagation in accordance with NFPA
69, Standard on Explosion Prevention Systems .

9.5.6.4   

The pulverized fuel piping from the outlet of the pulverizer system to the storage bin
shall comply with 9.5.5.1.3 .

9.5.7   Separated Air.

9.5.7.1   

A check valve shall be installed in each vent pipe connecting the cyclone or dust
collector of an indirect-fired system to the primary air fan or to any portion of the
furnace or stack of a suction furnace.

9.5.7.2   Venting.
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9.5.7.2.1   

Partial venting shall be used to control humidity in the pulverized fuel system to
minimize quantity of vented air or gas or to conserve heat.

9.5.7.2.2   

Total venting shall be used where there is no further use for the transport of air or gas.

9.5.7.2.3   

Both vent systems shall have the common requirements of 9.5.8.2.3.1 9.5.7.2.3.1
through 9.5.8.2.3.6 9.5.7.2.3.6 .

9.5.7.2.3.1   

There shall be no venting to a pressure furnace.

9.5.7.2.3.2   

Venting to a suction furnace shall be permitted when it is delivered to a zone where
combustion is active and injection line velocities are maintained at least 50 percent
above the maximum flame propagation rate of the fuel.

9.5.7.2.3.3   

Venting to a stack, flue, or breeching shall be permitted when it is done to a zone
where the temperature does not exceed two-thirds of the ignition temperature of the
fuel and the design of the entire vent system is such that there will be no hazardous
accumulation of combustible fuel dust.

9.5.7.2.3.4   

Venting to the primary air fan shall be permitted when the primary air fan is operating
and the following conditions are met:

(1) A means is provided to prevent reverse flow.

(2) The primary air system can handle the total amount of air.

(3) The primary air fan is discharging to a zone of active combustion.

9.5.7.2.3.5   

When venting to the atmosphere, the vented air or gas shall be sufficiently clean of
combustible material so as not to create a fire or an explosion hazard. The vented air
or gas shall not interfere with the proper operation of other systems within the area.

9.5.7.2.3.6   

Check valves, where required, shall be located near the source of possible reverse flow
into the system.

9.5.7.2.4   

When the vented air from the cyclone is discharged to the atmosphere, the vent shall
discharge at a height above the building roof to prevent accumulations on the roof.

9.5.7.2.5   

When the vented air is discharged into the stack, flue, or breeching, the connection
shall be made at a point where the pressure is less than that of the room in which the
pulverizer is located, and each vent line shall have a check valve that opens in the
direction of the flow.

9.5.7.2.6   

Vent connections shall be located downstream of the recirculated gas inlet connection
in such a manner that any combustible dust that is carried by the vented air cannot be
entrained in the recirculated gas for possible introduction into a zone of high furnace
temperature.

9.5.8  Pulverized Fuel Transport System.
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9.5.8.1  

Piping and ducts used to transport pulverized fuel shall meet the requirements of
9.5.5.1  or shall be equipped with suitable vents in accordance with NFPA 68,
Standard on Explosion Protection by Deflagration Venting .

9.5.8.2  

A pressure lock shall be installed at each cyclone outlet if more than one cyclone is
connected to a single pulverized fuel pump or if the cyclone is arranged for direct gravity
discharge into the pulverized fuel bin. A pressure lock shall not be required at the
cyclone outlet if only one cyclone is connected to the pulverized fuel pump.

9.5.8.3  

Pulverized fuel lock hoppers shall be designed for 3.4 times the absolute operating
pressure.

9.5.8.3.1  

Pulverized fuel lock hoppers shall be designed to permit fuel discharge at an
uninterrupted, controlled rate.

9.5.8.3.2  

Internal construction shall minimize accumulations.

9.5.8.4  

Lock hoppers shall be equipped with high-  and low- level fuel detectors.

9.5.9  Pulverized Fuel Storage.

9.5.9.1  

A pressure lock shall be installed at each fuel outlet of a pulverized fuel bin (if required)
that is connected to a pressure furnace to permit feeding of fuel into the burner lines at
a higher pressure and to prevent the flow of primary air into the bin.

9.5.9.2  

A pulverized fuel storage bin shall meet the requirements of 9.5.5.1 or shall be
equipped with suitable vents in accordance with NFPA 68, Standard on Explosion
Protection by Deflagration Venting .

9.5.9.3  

Pulverized fuel bins shall conform to strength requirements as specified in 9.5.5.1,  with
exceptions as outlined in 9.5.12 9.5.11 9.5.11 .

9.5.9.3.1  

These bins shall be designed to permit fuel discharge at an uninterrupted, controlled
rate.

9.5.9.3.2  

Internal construction shall minimize stagnant deposits.

9.5.9.3.3  

Open-top bins shall not be used.

9.5.9.3.4  

Provisions shall be made to prevent accumulation of flammable mixtures of air, fuel
dust, and combustible gases within the bin.

9.5.9.3.5  

Bins shall be equipped with high-  and low- level fuel detectors.

9.5.9.4  

Pulverized fuel lock hoppers shall be designed for 3.4 times the absolute operating
pressure.

9.5.9.4.1  

Pulverized fuel lock hoppers shall be designed to permit fuel discharge at an
uninterrupted, controlled rate.
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9.5.9.4.2  

Internal construction shall minimize accumulations.

9.5.9.5  

Lock hoppers shall be equipped with high-  and low- level fuel detectors.

9.5.10   Firing System.

9.5.10.1   

The firing system shall begin at the storage bin outlet (pulverized fuel feeder) and shall
end at the pulverized fuel burner.

9.5.10.2   Piping Arrangement.

9.5.10.2.1   

Piping shall be arranged to prevent hazardous accumulation of fuel.

9.5.10.2.2   

Where the air-fuel stream is directed into multiple pipes, the system shall divide the
air-fuel mixture into design ratio among various pipes.

9.5.10.3   Pipe Velocities.

9.5.10.3.1   

Positive means shall be provided to ensure that all pipe velocities are equal to or above
the minimum velocity required for fuel transport to prevent the hazardous accumulation
of fuel and flashback from the burners.

9.5.10.3.2   

Testing during initial startup and retesting as appropriate shall be performed to verify
that individual pipe velocities are adequate.

9.5.10.4   

All piping system components shall be capable of being cleared of pulverized fuel
using transport air.

9.5.10.5   Bend Radii.

9.5.10.5.1   

Pulverized fuel piping shall provide smooth flow and shall have bend radii not less than
one pipe diameter.

9.5.10.5.2   

Wherever possible, radii in excess of one pipe diameter shall be used.

9.5.10.6   

Flexible joints and split clamp couplings shall conform to 9.5.11.1 9.5.10.1  through
9.5.11.5 9.5.10.5 , except that the junction of two sections shall be permitted to be
sealed with flexible material.

9.5.10.6.1   

There shall be no separation of the pipe joint in case of failure of the flexible material.

9.5.10.6.2   

Positive mechanical connections shall be provided between the two sections to
prevent serious misalignment or separation.

9.5.10.7   

At operating temperatures encountered in the service of the equipment, piping
materials shall satisfy the strength requirements of 9.5.5.1.3  and shall comply with
9.3.5.2  for allowable stresses.

9.5.10.8   

Brittle materials having a plastic elongation of less than 8 percent prior to tensile
rupture shall not be used for piping except as abrasion-resistant linings and where no
credit is taken for the structural strength of the lining.
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9.5.10.9   

Piping support systems shall be designed and installed in accordance with Chapter 2,
Part 5, of ASME B31.1, Power Piping , and the combined stresses shall not be in
excess of those specified in 9.3.5.2 .

9.5.10.10   

Pipe that is lined with abrasion-resistant material shall have casing thickness and
flange size that is designed for the strength requirements in 9.5.5.1.3  with no
required allowance for wear.

9.5.10.11   

Prior to initial operation or after piping system renovation, an in-service leak test shall
be performed in accordance with the following procedure:

(1) The system shall be gradually brought up to operating pressure and
temperature.

(2) The system shall be held continuously at the conditions described in
9.5.11.12.1 9.5.10.12.1  for 10 minutes.

(3) All joints and connections shall be examined for leakage.

(4) The system shall show no visual evidence of weeping or leakage.

9.5.10.12   Valves.

9.5.10.12.1   

Barrier valves shall be provided in the piping between the pulverized fuel feeders and
the burners of an indirect-fired system that is connected to one or more burners of a
suction furnace.

9.5.10.12.2   

A dusttight valve shall be installed in each burner pipe between the pulverized fuel
feeder and the burner for an indirect-fired system that is connected to one or more
burners of a pressure furnace. These valves shall not be opened until the primary air
pressure is established.

9.5.10.12.3   

All valves in the firing system shall have construction that is capable of withstanding
pressures as defined in 9.5.5.1.3  or 9.5.11.12.5 9.5.10.12.5 , depending on the
application.

9.5.10.12.4   

These components shall include the following and any other pulverized fuel system
valves:

(1) Barrier valve

(2) Dusttight valve

(3) Check valve

(4) Pressure/air lock

(5) Raw fuel gate

9.5.10.12.5   Interconnections.

Valves at points of interconnection between pulverized fuel system components
requiring different design pressures shall comply with the strength requirements of the
lower pressure of the two.
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9.5.10.13   Primary Air Connections of Pressure Furnace Firing.

9.5.10.13.1   

For pressure furnace firing, a dusttight valve shall be installed between the forced draft
system and the inlet for the primary air fan.

9.5.10.13.2   

A minimum stop shall be provided on the primary air control damper to prevent it from
being completely closed unless the shutoff dampers in the burner pipes are closed.

9.5.10   Separated Air.

9.5.10.1   

A check valve shall be installed in each vent pipe connecting the cyclone or dust
collector of an indirect-fired system to the primary air fan or to any portion of the
furnace or stack of a suction furnace.

9.5.10.2   Venting.

9.5.10.2.1   

Partial venting shall be used to control humidity in the pulverized fuel system, to
minimize quantity of vented air or gas, or to conserve heat.

9.5.10.2.2   

Total venting shall be used where there is no further use for the transport air or gas.

9.5.10.2.3   

Both vent systems shall have the common requirements of 9.5.10.2.3.1 through
9.5.10.2.3.6.

9.5.10.2.3.1   

There shall be no venting to a pressure furnace.

9.5.10.2.3.2   

Venting to a suction furnace shall be permitted when it is delivered to a zone where
combustion is active and injection line velocities are maintained at least 50 percent
above the maximum flame propagation rate of the fuel.

9.5.10.2.3.3   

Venting to a stack, flue, or breeching shall be permitted when it is done to a zone
where the temperature does not exceed two-thirds of the ignition temperature of the
fuel and the design of the entire vent system is such that there will be no hazardous
accumulation of combustible fuel dust.

9.5.10.2.3.4   

Venting to the primary air fan shall be permitted when the primary air fan is operating
and the following conditions are met:

A means is provided to prevent reverse flow.

The primary air system can handle the total amount of air.

The primary air fan is discharging to a zone of active combustion.

9.5.10.2.3.5   

When venting to the atmosphere, the vented air or gas shall be sufficiently clean of
combustible material so as not to create fire or an explosion hazard. The vented air or
gas shall not interfere with the proper operation of other systems within the area.

9.5.10.2.3.6   

Check valves, where required, shall be located near the source of possible reverse flow
into the system.
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9.5.10.2.4   

When the vented air from the cyclone is discharged to the atmosphere, the vent shall
discharge at a height above the building roof to prevent accumulations on the roof.

9.5.10.2.5   

When the vented air is discharged into the stack, flue, or breeching, the connection
shall be made at a point where the pressure is less than that of the room in which the
pulverizer is located, and each vent line shall have a check valve that opens in the
direction of the flow.

9.5.10.2.6   

Vent connections shall be located downstream of the recirculated gas inlet connection
in such a manner that any combustible dust that is carried by the vented air cannot be
entrained in the recirculated gas for possible introduction into a zone of high furnace
temperature.

9.5.11  Inert Atmosphere.

9.5.11.1  

If an indirect-fired system is started and operated with an inert atmosphere in all parts
of the system in accordance with NFPA 69, Standard on Explosion Prevention
Systems , the strength requirements shall not apply.

9.5.11.2  

Any component of the system that is started and operated with an inert atmosphere
shall not be required to comply with the strength requirements.

9.5.12  Auxilary Systems.

9.5.12.1  Emergency Inerting System.

9.5.12.1.1  

Pulverizers and indirect-fired systems shall be equipped with an inerting system that is
capable of maintaining an inert atmosphere as required to meet the provisions of
9.6.4.2.1. (See also NFPA 69, Standard on Explosion Prevention Systems .)

9.5.12.1.2  

Provisions shall be made for verification of flow of inerting media when the system is
activated.

9.5.12.1.3  

Where an inerting system is required, it The inerting systems for the pulverizer and
indirect-fired systems shall be permanently installed and equipped with connections,
which shall be a minimum of 25 mm (1 in.) in diameter.

9.5.12.1.4  

Injection shall be controlled by readily operable valves or dampers. (See NFPA 69,
Standard on Explosion Prevention Systems .)

9.5.12.1.4.1  

Operation of these valves shall be accomplished at a location that is remote from the
pulverized fuel system.

9.5.12.1.4.2  

Where these valves are manually operated, they shall be readily accessible.

9.5.12.1.4.3  

Where these valves are manually operated, they shall be identified by a sign in block
letters of not less than 51 mm (2 in.) in height on a background of contrasting color to
the letters.

9.5.12.2  Fire-Extinguishing System.

9.5.12.2.1  Connections.
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9.5.12.2.1.1  

Pulverizers and pulverized fuel–collecting systems shall be equipped with connections
for fire extinguishing.

9.5.12.2.1.2  

These connections shall be at least 25 mm (1 in.) in diameter and shall be adequate to
pass the amount of required extinguishing material.

9.5.12.2.2  

Provisions shall be made for verification of flow of fire-extinguishing media when the
system is activated.

9.5.12.3  Safety Interlock Systems.

9.5.12.3.1  

The safety interlocks required in this section shall be coordinated with the boiler,
furnace, or other related devices to which the pulverized fuel system is connected.

9.5.12.3.2  Permissive Sequential-Starting Interlocks.

9.5.12.3.2.1  

Permissive sequential-starting interlocks for pulverized fuel indirect-fired systems shall
be arranged so that the system components can be started only in the following
sequence:

(1) Start pulverized fuel pump or conveyor.

(2) Start cyclone and dust collector pressure locks.

(3) Start vent fan.

(4) Start pulverizer exhauster or air fan.

(5) Start pulverizer.

(6) Start raw fuel feeder.

9.5.12.3.2.2  

The actions of9.5.13.3.2.1(4) 9.5.12.3.2.1(4)  and9.5.13.3.2.1(5) 9.5.12.3.2.1(5)  shall
be permitted to be simultaneous.

9.5.12.3.3  

Interlocks for pulverizers of indirect-fired systems shall be arranged to trip as follows:

(1) The full pulverized fuel bin shall trip the fuel pump or conveyor and the raw fuel
feeder.

(2) Failure of the fuel pump or conveyor shall trip the vent fan on the cyclone or dust
collector and pressure locks upstream of the fuel pump or conveyor.

(3) Failure of the vent fan shall trip the pulverizer exhauster or air fan.

(4) Failure of the pulverizer exhauster or air fan shall trip the raw fuel feeder.

(5) Failure of the pulverizer shall trip the raw fuel feeder.

9.5.12.3.4  

For pressure furnaces that are firing from indirect-fired or semi-direct-fired systems, the
dusttight valve in the burner pipe that is after the pulverized fuel feeder shall be
interlocked so that it cannot be opened unless the dusttight damper in the primary air
supply is open.

Supplemental Information
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9.5 Indirect-Fired Pulverized Fuel Systems.  

9.5.1 Introduction.  

General requirements for indirect-fired pulverized fuel systems shall be covered by this section, and specific requirements for 

only the more commonly used indirect-fired unit systems shall be covered in detail.  

9.5.1.1  

In addition to the components of a direct-fired system as listed in 9.4.1.1 a typical indirect-fired system shall include some 

or all of the following special equipment:  

(1) Pulverized Fuel-air separation  

(2) Pulverized fuel transport system  

(3) Pulverized fuel storage  

(4) Separated air  
 

9.5.2 Raw Fuel Bunker.  

9.5.2.1  

The raw fuel bunker structural material shall be made of noncombustible material and shall be designed to provide the 

following mass flow and self-cleaning flow characteristics:  

(1) An uninterrupted flow of fuel being handled at a controlled rate  

(2) A flow pattern in which arching and ratholing (piping) are avoided  
 

9.5.2.2  

The bunker outlet feeder(s) shall be coordinated with the bunker to avoid the probability that incorrect feeder selection 

will result in altering the bunker flow characteristics as specified in 9.5.2.1(1) or 9.5.2.1(2) are maintained.  

9.5.2.3  

Provisions shall be made to prevent the accumulation of flammable mixtures of air, fuel dust, and combustible gases within 

the bunker.  

9.5.2.4  

Procedures shall be established for emergency emptying of raw fuel bunkers.  

9.5.2.5*  

Water Procedures shall not be used established to extinguish fires in the raw fuel bunker.  

9.5.3 Raw Fuel Feeder System.  

9.5.3.1  

Means shall be provided to resist the passage of air or gas from the pulverizer through the feeder into the bunker.  

9.5.3.1.1  

Where used as the means to resist passage of air or gas from the pulverizer, a vertical column of fuel shall be sized to 

withstand pulverizer operating pressures, but it shall be no less than three pipe diameters or hydraulic diameters for 

noncircular pipe.  

9.5.3.2 Strength of Equipment.  

9.5.3.2.1  

The raw fuel feeder system, including but not limited to raw fuel feeding devices, discharge hoppers, and feed pipes to the 

pulverizer for an indirect-fired system, shall begin at a point that includes a minimum coal fuel column of 0.61 m (2 ft) 

above the raw fuel feeder inlet, and shall end at the pulverizer fuel inlet.  

9.5.3.2.2  

All components of the raw fuel feeder system shall be designed to withstand an internal explosion without rupture.  

9.5.3.2.2.1*  



All components of the raw fuel feeder system that are designed to be operated at no more than  

gauge pressure of 13.8 kPa (2 psi) with a design coal having Pmax of 10 bar-g or less shall be designed for a maximum 

allowable working pressure of 344 kPa (50 psi) for containment of possible explosion pressures.  

9.5.3.2.2.2  

For operating gauge pressures in excess of 13.8 kPa (2 psi) and design coal Pmax of 10 bar-g or less, the raw fuel feeder 

system shall be designed for a maximum allowable working pressure 3.4 times the absolute operating pressure.  

9.5.3.2.2.3  

Where the design coal Pmax is greater than 10 bar-g, the raw fuel feeder system shall be designed to withstand internal 

explosion pressures calculated in accordance with NFPA 68, Standard on Explosion Protection by Deflagration Venting, or 

NFPA 69, Standard on Explosion Prevention  

Systems. In these calculations, normal unobstructed openings shall be permitted to be considered in the calculation as 

mitigation of explosion pressures.  

9.5.3.2.3  

Equipment design strength shall incorporate the combined stresses from mechanical loading, operating, and explosion 

and implosion pressures plus an allowance for wear, which shall be determined by agreement between the 

manufacturer and the purchaser.  

9.5.3.2.4*  

Shock wave pressures shall be included in the design, based on their locations in the system.  

9.5.3.2.5  

The mechanical components, including but not limited to seals, gears, bearings, shafts, and drives, shall not be required to 

meet these requirements.  

9.5.3.2.6  

Explosion vents shall not be used on the components of the raw fuel feeder system.  

9.5.3.2.7 Valves.  

9.5.3.2.7.1  

All valves in the raw fuel feeder system from a point that includes a minimum coal column of 0.61 m (2 ft) to the point of 

consumption of the pulverized fuel shall have construction that is capable of withstanding pressures as defined in 9.5.3.2.2 or 

9.5.3.2.7.3, depending on the application.  

9.5.3.2.7.2  

These components shall include the following and any other pulverized fuel system valves:  

(1) Barrier valve  

(2) Dusttight valve  

(3) Check valve  

(4) Pressure/air lock  

(5) Raw fuel gate  
 

9.5.3.2.7.3 Interconnections.  

Valves at points of interconnection between pulverized fuel system components requiring different design pressures shall 

comply with the strength requirements of the lower pressure of the two.  

9.5.4 Air and Gas System.  

9.5.4.1  

The fan for the pulverizer system shall be permitted to be located upstream (pulverizer fan) or downstream (exhauster) 

of the pulverizer.  
9.5.4.2 Air Supply Isolation Requirements.  

9.5.4.2.1  



For pressurized pulverizers and suction pulverizers with pressurized air supply installations, there shall be a means for tight 

shutoff of the hot air supply and a means for shutting off the primary air supply to each pulverizer.  

9.5.4.2.2  

For suction pulverizer installations with an atmospheric tempering air supply, there shall be a means for shutting off the hot air 

supply.  

9.5.4.3*  

All ductwork, from the hot and tempering air supply ducts to individual pulverizers, including damper frames, expansion joints, 

supports, and hot primary air fans, shall be designed to contain the test block capability of the pulverizer air supply fan.  

9.5.5 Air-Swept Pulverizer System.  

9.5.5.1 Strength of Equipment.  

9.5.5.1.1  

The pulverizer system components, including the pulverizer, foreign-material collecting hopper, exhauster, and the external 

classifier, that are required for containment of internal pressure, shall be in accordance with 9.5.5.1.  

9.5.5.1.2  

These components shall begin at the pulverizer fuel inlet, a point that includes a minimum coal column of 0.61 m (2 ft), at the 

point of connection of ductwork to the pulverizer, and at the seal air connections to the pulverizer system, and they shall end at 

the discharge of the pulverizer, external classifier, or exhauster.  

9.5.5.1.3  

All components of the pulverizer system shall be designed to withstand an internal explosion without rupture.  

9.5.5.1.3.1  

All components of the pulverizer system that are designed to be operated at no more than gauge  

pressure of 13.8 kPa (2 psi) with a design coal having Pmax of 10 bar-g or less shall be designed for a maximum allowable 

working pressure of 344 kPa (50 psi) for containment of possible explosion pressures.  

9.5.5.1.3.2  

For operating gauge pressures in excess of 13.8 kPa (2 psi) and design coal Pmax of 10 bar-g or less, the pulverizer system 

shall be designed to withstand an internal explosion pressure 3.4 times the absolute operating pressure.  

9.5.5.1.3.3  

Where the design coal Pmax is greater than 10 bar-g, the raw fuel feeder system shall be designed to withstand internal 

explosion pressures calculated in accordance with NFPA 68, Standard on Explosion Protection by Deflagration Venting, or 

NFPA 69, Standard on Explosion Prevention Systems. In these calculations, normal unobstructed openings shall be permitted 

to be considered in the calculation as mitigation of explosion pressures.  

9.5.5.1.4  

Equipment design strength shall incorporate the combined stresses from mechanical loading, operating, and explosion 

and implosion pressures plus an allowance for wear, which shall be determined by agreement between the 

manufacturer and the purchaser.  

9.5.5.1.5*  

Shock wave pressures shall be included in the design, based on their locations in the system.  

9.5.5.1.6  

Explosion vents shall not be used on the components of the air-swept pulverizer system.  

9.5.5.1.7 Valves.  

9.5.5.1.7.1  

All valves in the pulverizer system from a point that includes a minimum coal column of 0.61 m (2 ft) to the point of 

consumption of the pulverized fuel shall have construction that is capable of withstanding pressures as defined in 9.5.5.1.3 or 

9.5.5.1.6.39.5.5.1.7.3, depending on the application.  



9.5.5.1.7.2  

These components shall include the following and any other pulverized fuel system valves:  

(1) Barrier valve  

(2) Dusttight valve  

(3) Check valve  

(4) Pressure/air lock  

(5) Raw fuel gate  
 

9.5.5.1.7.3 Interconnections.  

Valves at points of interconnection between pulverized fuel system components requiring different design pressures shall 

comply with the strength requirements of the lower pressure of the two.  

  

9.5.7 9.5.6 Pulverized Fuel-Air Separation.  

9.5.7.1 9.5.6.1 

Cyclones and dust collectors shall meet the requirements of 9.5.5.1 or shall be equipped with suitable vents in 

accordance with NFPA 68, Standard on Explosion Protection by Deflagration Venting.  

9.5.7.2 9.5.6.2 

The separated fuel shall be transported to storage bins for subsequent supply to the burners.  

9.5.7.3 9.5.6.3*  

All interconnected equipment in which a deflagration in one component could initiate a secondary deflagration in a connected 

component shall be equipped with explosion isolation or another method to prevent flame front propagation in accordance with 

NFPA 69,Standard on Explosion Prevention Systems.  

9.5.6.4 9.5.6.4 

The pulverized fuel piping from the outlet of the pulverizer system to the storage bin shall comply with 9.5.5.1.3. 

 
9.5.10 9.5.7 Separated Air.  

9.5.10.1 9.5.7.1 

A check valve shall be installed in each vent pipe connecting the cyclone or dust collector of an indirect-fired system to 

the primary air fan or to any portion of the furnace or stack of a suction furnace.  

9.5.10.2 9.5.7.2 Venting.  

9.5.10.2.1 9.5.7.2.1 

Partial venting shall be used to control humidity in the pulverized fuel system, to minimize quantity of vented air or gas, or to 

conserve heat.  

9.5.10.2.2 9.5.7.2.2 

Total venting shall be used where there is no further use for the transport air or gas.  

9.5.10.2.3 9.5.7.2.3 

Both vent systems shall have the common requirements of 9.5.7.2.3.1 through 9.5.7.2.3.6 9.5.10.2.3.1 through 9.5.10.2.3.6.  

9.5.10.2.3.1 9.5.7.2.3.1 

There shall be no venting to a pressure furnace.  

9.5.10.2.3.2 9.5.7.2.3.2 

Venting to a suction furnace shall be permitted when it is delivered to a zone where combustion is active and injection line 

velocities are maintained at least 50 percent above the maximum flame propagation rate of the fuel.  

9.5.10.2.3.3 9.5.7.2.3.3 



Venting to a stack, flue, or breeching shall be permitted when it is done to a zone where the temperature does not exceed 

two-thirds of the ignition temperature of the fuel and the design of the entire vent system is such that there will be no 

hazardous accumulation of combustible fuel dust.  

9.5.10.2.3.4 9.5.7.2.3.4 

Venting to the primary air fan shall be permitted when the primary air fan is operating and the following conditions are 

met:  

(1) A means is provided to prevent reverse flow.  

(2) The primary air system can handle the total amount of air.  

(3) The primary air fan is discharging to a zone of active combustion.  
 

9.5.10.2.3.5 9.5.7.2.3.5 

When venting to the atmosphere, the vented air or gas shall be sufficiently clean of combustible material so as not to 

create fire or an explosion hazard. The vented air or gas shall not interfere with the proper operation of other systems 

within the area.  

9.5.10.2.3.6 9.5.7.2.3.6 

Check valves, where required, shall be located near the source of possible reverse flow into the system.  

9.5.10.2.4 9.5.7.2.4 

When the vented air from the cyclone is discharged to the atmosphere, the vent shall discharge at a height above the building 

roof to prevent accumulations on the roof.  

9.5.10.2.5 9.5.7.2.5 

When the vented air is discharged into the stack, flue, or breeching, the connection shall be made at a point where the 

pressure is less than that of the room in which the pulverizer is located, and each vent line shall have a check valve that opens 

in the direction of the flow.  

9.5.10.2.6 9.5.7.2.6 

Vent connections shall be located downstream of the recirculated gas inlet connection in such a manner that any 

combustible dust that is carried by the vented air cannot be entrained in the recirculated gas for possible introduction into 

a zone of high furnace temperature.  

9.5.8 Pulverized Fuel Transport System.  

9.5.8.1  

Piping and ducts used to transport pulverized fuel shall meet the requirements of 9.5.5.1 or shall be equipped with suitable 

vents in accordance with NFPA 68, Standard on Explosion Protection by Deflagration Venting.  

9.5.8.2  

A pressure lock shall be installed at each cyclone outlet if more than one cyclone is connected to a single pulverized fuel 

pump or if the cyclone is arranged for direct gravity discharge into the pulverized fuel bin. A pressure lock shall not be 

required at the cyclone outlet if only one cyclone is connected to the pulverized fuel pump.  

9.5.8.3  

Pulverized fuel lock hoppers shall be designed for 3.4 times the absolute operating pressure.  

9.5.8.3.1  

Pulverized fuel lock hoppers shall be designed to permit fuel discharge at an uninterrupted, controlled rate.  

9.5.8.3.2  

Internal construction shall minimize accumulations.  

9.5.8.4  

Lock hoppers shall be equipped with high and low level fuel detectors.   

9.5.9 Pulverized Fuel Storage.  



9.5.9.1  

A pressure lock shall be installed at each fuel outlet of a pulverized fuel bin (if required) that is connected to a pressure 

furnace, to permit feeding of fuel into the burner lines at a higher pressure and to prevent the flow of primary air into the bin.  

9.5.9.2  

A pulverized fuel storage bin shall meet the requirements of 9.5.5.1 or shall be equipped with suitable vents in 

accordance with NFPA 68, Standard on Explosion Protection by Deflagration Venting.  

9.5.9.3  

Pulverized fuel bins shall conform to strength requirements as specified in 9.5.5.1 with exceptions as outlined in 9.5.11.  

9.5.9.3.1  

These bins shall be designed to permit fuel discharge at an uninterrupted, controlled rate.  

9.5.9.3.2  

Internal construction shall minimize stagnant deposits.  

9.5.9.3.3  

Open-top bins shall not be used.  

9.5.9.3.4  

Provisions shall be made to prevent accumulation of flammable mixtures of air, fuel dust, and combustible gases within 

the bin.  

9.5.9.3.5  

Bins shall be equipped with high and low level fuel detectors.  

9.5.9.4  

Pulverized fuel lock hoppers shall be designed for 3.4 times the absolute operating pressure.  

9.5.9.4.1  

Pulverized fuel lock hoppers shall be designed to permit fuel discharge at an uninterrupted, controlled rate.  

9.5.9.4.2  

Internal construction shall minimize accumulations.  

9.5.9.5  

Lock hoppers shall be equipped with high and low level fuel detectors. 

9.5.6 9.5.10 Firing System.  

9.5.10.1 The firing system shall begin at the storage bin outlet (pulverized fuel feeder) and end at the pulverized fuel burner. 

9.5.6.1 9.5.10.2 Piping Arrangement.  

9.5.6.1.1 9.5.10.2.1 

Piping shall be arranged to prevent hazardous accumulation of fuel.  

9.5.6.1.2 9.5.10.2.2 

Where the air-fuel stream is directed into multiple pipes, the system shall divide the air-fuel mixture into design ratio among 

various pipes.  

9.5.6.2 9.5.10.3 Pipe Velocities.  

9.5.6.2.1 9.5.10.3.1 

Positive means shall be provided to ensure that all pipe velocities are equal to or above the minimum velocity 

required for fuel transport and to prevent the hazardous accumulation of fuel and flashback from the burners.  

9.5.6.2.2 9.5.10.3.2 



Testing during initial start-up and retesting as appropriate shall be performed to verify that individual pipe velocities are 

adequate.  

9.5.6.3 9.5.10.4 

All piping system components shall be capable of being cleared of pulverized fuel using transport air.  

9.5.6.4 

The pulverized fuel piping from the outlet of the pulverizer system to the storage bin shall comply with 9.5.4.1.3.  

9.5.6.5 9.5.10.6 Bend Radii.  

9.5.6.5.1 9.5.10.6.1 

Pulverized fuel piping shall provide smooth flow and have bend radii not less than one pipe diameter.  

9.5.6.5.2 9.5.10.6.2 

Wherever possible, radii in excess of one pipe diameter shall be used.  

9.5.6.6 9.5.10.7 

Flexible joints and split clamp couplings shall conform to 9.5.10.1 through 9.5.10.5 9.5.6.1 through 9.5.6.5 except that the 

junction of two sections shall be permitted to be sealed with flexible material.  

9.5.6.6.1 9.5.10.7.1 

There shall be no separation of the pipe joint in case of failure of the flexible material.  

9.5.6.6.2 9.5.10.7.2 

Positive mechanical connections shall be provided between the two sections to prevent serious misalignment or 

separation.  

9.5.6.7 9.5.10.8 

At operating temperatures encountered in the service of the equipment, piping materials shall satisfy the strength requirements 

of 9.5.5.1.3 and shall comply with 9.3.5.2 for allowable stresses.  

9.5.6.8 9.5.10.9 

Brittle materials having a plastic elongation of less than 8 percent prior to tensile rupture shall not be used for piping except as 

abrasion-resistant linings and where no credit is taken for the structural strength of the lining.  

9.5.6.9 9.5.10.10 

Piping support systems shall be designed and installed in accordance with Chapter 2, Part 5, of ASME B31.1, Power 

Piping, so that combined stresses will not be in excess of those specified in  

9.3.5.2.  

9.5.6.10 9.5.10.11 

Pipe that is lined with abrasion-resistant material shall have casing thickness and flange size that is designed for the strength 

requirements in 9.5.5.1.3 with no required allowance for wear.  

9.5.6.11 9.5.10.12 

Prior to initial operation or after piping system renovation, an in-service leak test shall be performed in accordance with the 

following procedure:  

(1) The system shall be gradually brought up to operating pressure and temperature.  

(2) The system shall be held continuously at the conditions described in 9.5.10.12(1) 9.5.5.11(1) for 10 minutes.  

(3) All joints and connections shall be examined for leakage.  

(4) The system shall show no visual evidence of weeping or leakage.  
 

9.5.6.12 9.5.10.13 Valves  

9.5.6.12.1 9.5.10.13.1 

Barrier valves shall be provided in the piping between the pulverized fuel feeders and the burners of an indirect-fired system 

that is connected to one or more burners of a suction furnace.  



9.5.6.12.2 9.5.10.13.2 

A dusttight valve shall be installed in each burner pipe between the pulverized fuel feeder and the burner for an indirect-fired 

system that is connected to one or more burners of a pressure furnace. These valves shall not be opened until the primary 

air pressure is established.  

9.5.6.12.3 9.5.10.13.3 

All valves in the firing system from a point that includes a minimum coal column of 0.61 m (2 ft) to the point of consumption of 

the pulverized fuel shall have construction that is capable of withstanding pressures as defined in 9.5.5.1.3 or 9.5.10.13.5, 

depending on the application.  

9.5.6.12.4 9.5.10.13.4 

These components shall include the following and any other pulverized fuel system valves:  

(1) Barrier valve  

(2) Dusttight valve  

(3) Check valve  

(4) Pressure/air lock  

(5) Raw fuel gate  
 

9.5.6.12.5 9.5.10.13.5 Interconnections.  

Valves at points of interconnection between pulverized fuel system components requiring different design pressures shall 

comply with the strength requirements of the lower pressure of the two.  
 

9.5.6.13 9.5.10.14 Primary Air Connections of Pressure Furnace Firing.  

9.5.6.13.1 9.5.10.14.1 

For pressure furnace firing, a dusttight valve shall be installed between the forced draft system and the inlet for the primary air 

fan.  

9.5.6.13.2 9.5.10.14.2 

A minimum stop shall be provided on the primary air control damper to prevent its being completely closed unless the shutoff dampers in 
the burner pipes are closed. 

9.5.11 Inert Atmosphere.  

9.5.11.1  

If an indirect-fired system is started and operated with an inert atmosphere in all parts of the system in accordance with 

NFPA 69, Standard on Explosion Prevention Systems, the strength requirements shall not apply.  

9.5.11.2  

Any component of the system that is started and operated with an inert atmosphere shall not be required to comply with 

the strength requirements.  

9.5.12 Auxilary Systems.  

9.5.12.1 Emergency Inerting System.  

9.5.12.1.1  

Pulverizers and indirect-fired systems shall be equipped with an inerting system that is capable of maintaining an inert 

atmosphere as required to meet the provisions of 9.6.4.2.1. (See also NFPA 69, Standard on Explosion Prevention 

Systems.)  

9.5.12.1.2  

Provisions shall be made for verification of flow of inerting media when the system is activated.  

9.5.12.1.3  

Where an inerting system is required, it The inerting systems for the pulverizer and indirect-fired systems shall be 

permanently installed and equipped with connections, which shall be a minimum of 25 mm (1 in.) in diameter.  



9.5.12.1.4  

Injection shall be controlled by readily operable valves or dampers. (See NFPA 69, Standard on Explosion Prevention 

Systems.)  

9.5.12.1.4.1  

Operation of these valves shall be accomplished at a location that is remote from the pulverized fuel system.  

9.5.12.1.4.2  

Where these valves are manually operated, they shall be readily accessible.  

9.5.12.1.4.3  

Where these valves are manually operated, they shall be identified by a sign in block letters of not less than 51 mm (2 in.) in 

height on a background of contrasting color to the letters.  

9.5.12.2 Fire-Extinguishing System.  

9.5.12.2.1 Connections.  

9.5.12.2.1.1  

Pulverizers and pulverized fuel–collecting systems shall be equipped with connections for fire extinguishing.  

9.5.12.2.1.2  

These connections shall be at least 25 mm (1 in.) in diameter and shall be adequate to pass the amount of required 

extinguishing material.  

9.5.12.2.2  

Provisions shall be made for verification of flow of fire-extinguishing media when the system is activated.  

9.5.12.3 Safety Interlock Systems.  

9.5.12.3.1  

The safety interlocks required in this section shall be coordinated with the boiler, furnace, or other related devices to which 

the pulverized fuel system is connected.  

9.5.12.3.2 Permissive Sequential-Starting Interlocks.  

9.5.12.3.2.1  

Permissive sequential-starting interlocks for pulverized fuel indirect-fired systems shall be arranged so that the system 

components can be started only in the following sequence:  

(1) Start pulverized fuel pump or conveyor.  

(2) Start cyclone and dust collector pressure locks.  

(3) Start vent fan.  

(4) Start pulverizer exhauster or air fan.  

(5) Start pulverizer.  

(6) Start raw fuel feeder.  
 

9.5.12.3.2.2  

The actions of 9.5.12.3.2.1(4) and 9.5.12.3.2.1(5) shall be permitted to be simultaneous.  

9.5.12.3.3  

Interlocks for pulverizers of indirect-fired systems shall be arranged to trip as follows:  

(1) The full pulverized fuel bin shall trip the fuel pump or conveyor and the raw fuel feeder.  

(2) Failure of the fuel pump or conveyor shall trip the vent fan on the cyclone or dust collector and pressure locks upstream of 
the fuel pump or conveyor.  

(3) Failure of the vent fan shall trip the pulverizer exhauster or air fan.  

(4) Failure of the pulverizer exhauster or air fan shall trip the raw fuel feeder.  

(5) Failure of the pulverizer shall trip the raw fuel feeder.  



 

9.5.12.3.4  

For pressure furnaces that are firing from indirect-fired or semi-direct-fired systems, the dusttight valve in the burner pipe that 

is after the pulverized fuel feeder shall be interlocked so that it cannot be opened unless the dusttight damper in the primary air 

supply is open.  



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 76/130

Second Revision No. 37-NFPA 85-2014 [ Section No. 9.6.3.2.1.2 ]

9.6.3.2.1.2  

The starting sequence shall be as follows:

(1) Start the pulverized fuel pump or conveyor, if provided.

(2) Start the cyclone pressure lock, if provided.

(3) Start the cyclone or dust collector vent fan or exhauster and/or the primary air fan
and open the burner and primary air shutoff valves if used to convey the vent stream
and burners are not in service, in accordance with 9.5.8.2 9.5.7.2 .

(4) Start the pulverizer exhauster or fan and adjust the control dampers to obtain proper
air flow and temperature.

(5) Start the pulverizer.

(6) Start the raw fuel feeder.

(7) Readjust the control damper(s) to obtain required pulverizer air-fuel outlet
temperature and airflow.
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Second Revision No. 38-NFPA 85-2014 [ Section No. 9.7.1 ]

9.7.1  Introduction.

Specific systems, as defined in this section, shall meet the specific requirements of this
section. (For general design, operating, and safety requirements of these systems, see
Sections 9.4and through 9.6.)
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Second Revision No. 39-NFPA 85-2014 [ Section No. 9.7.3.7 ]

9.7.3.7  Interlocking.

In addition to the interlocking requirements of 9.5.13.3.2 9.5.12.3.2 , the following shall
be included:

(1) Failure of the pulverizer airflow trips the separately fired air heater.

(2) Failure of the cyclone separator or other type of dust collector pressure lock trips
the raw coal feeder.

(3) Power failure closes all valves that are required to isolate the system.
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This system is a form of direct firing as described in Section 9.4  and shown in Figure
9.7.4(a) and Figure 9.7.4(b). The only special equipment is an optional dust collector with
a pressure lock for cleaning hot air or gas.

Figure 9.7.4(a) Direct-Fired Pulverized Fuel Systems for Rotary Kilns with
Pressure Pulverizer.

Figure 9.7.4(b) Direct-Fired Pulverized Fuel Systems for Rotary Kilns with
Suction Pulverizer.
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Second Revision No. 2-NFPA 85-2013 [ Section No. A.3.3.2.4 ]

A.3.3.2.4  Excess Air.  

This is not the same as air-rich, as defined in 3.3.5. Theoretical air is the chemically
correct quantity of air needed for complete combustion of a given quantity of a specific
fuel.
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Second Revision No. 42-NFPA 85-2014 [ Section No. A.5.3.6.1(3) ]

A.5.4.6.1(3)    

The term SIL 3 capable  defines the qualities of a logic system as to its diagnostic
functions and separation of safety logic from nonsafety logic. It does not imply a
requirement for a SIL 3 safety instrumented system implemented in accordance with IEC
61511, Functional Safety — Safety Instrumented Systems for the Process Industry
Sector .

SIL 2 3  capable was purposely specified as the minimum safety level for a single
programmable logic system (excluding field devices) used for both the burner
management system and operating controls based on the existing safety levels presently
required in this code, which can be considered SIL 2, SIL 1, and/or SIL 0. The notified
body or third-party certification is critical in the SIL 2 3  capable requirement because
self-certification is permitted in the “safety rated PLC” marketplace safety-rated
programmable logic system marketplace for SIL 1 or SIL 2 capability , and with self-
certification there is no assurance that critical safety functions, such as the secure
separation of the safety and process logic, are provided. Use of a logic system that has
been self-certified is not permitted. Isolation between the burner management system
and the other logic can be accomplished by using separate processors or by selecting a
single processor that ensures isolation through the use of an isolated programming area
protected by locks or passwords.

Also see A.4.11  for more information on implementation of SIL-rated systems.
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Second Revision No. 46-NFPA 85-2014 [ Section No. A.6.4.1.2.1 ]

A.6.4.1.2.1    

In block 6 of Table 6.4.1.2.1(a), high furnace pressure could be caused by tube rupture,
damper failure, or explosion.

In block 8 of Table 6.4.1.2.1(a), the partial loss of flame described is potentially more
hazardous at lower load levels. The decision regarding specific requirements or
implementation of this trip should be a design decision based on furnace configuration,
total number of burners, number of burners affected as a percentage of burners in service,
arrangement of burners affected, interlock system, and load level. This trip is interlocked
through flame supervisory equipment.

In block 9 of Table 6.4.1.2.1(a), the tables referenced describe the allowable differences
in operating procedures based on the classification of igniter being used. The following
descriptions of conditions are typical for both Table 6.4.1.2.1(b) and Table 6.4.1.2.1(c).

(1) Condition 1: An event in which, after a successful boiler purge, an attempt(s) to
place the first igniter in service fails

(2) Condition 2: An event in which an igniter(s) has been proven in service and
subsequently all igniters are shut down without the attempt ever having been made
to place a burner or pulverizer in service

(3) Condition 3: An event in which gas and/or oil fuel burners were started or attempted
to be started and all burner valves were subsequently closed while igniters remain
proven in service

(4) Condition 4: An event in which a pulverizer system(s) was started up or attempted
to be started up and subsequently all pulverizer systems were shut down while
igniters remain proven in service

(5) Condition 5: An event in which any fuel has been placed in service and all fuel
subsequently shut off

In the event that any main fuel is shut down while any other main fuel remains proven in
service, the all-fuel-off master fuel trip requirements do not apply.

In block 10a of Table 6.4.1.2.1(a), low drum water level has been included as a master
fuel trip. Although low drum water level is not a combustion-related hazard, this code is
the primary resource for identifying BMS requirements, and not including a low drum level
trip in Figure 6.4.1.2.1 has created confusion with users of this code. A master fuel trip
based on low drum water level for drum-type boilers is commonly recognized good
engineering practice.

In block 10b of Table 6.4.1.2.1(a), low feedwater waterwall  flow is also not a combustion
– - related hazard. The low feedwater waterwall  flow threshold could be a fixed value or a
function of the boiler load based on the boiler manufacturer’s recommendations.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 83/130

State:

Zip:

Submittal Date: Tue Jan 14 12:53:23 EST 2014

Committee Statement

Committee
Statement:

 The annex text on item 10b is revised to be consistent with changes made
to the mandatory text.

Response
Message:

Second Revision No. 60-NFPA 85-2014 [ Section No. A.6.7.3.1.2.2 ]

A.6.7.3.1.2.2    

This piping might need to be heat traced. Vents, drains, and telltales should discharge in
such a way as to protect personnel from injury and to prevent the creation of a fire or an
explosion hazard. In addition, users should be aware of environmental regulations that
apply to the discharge of liquid fuels.
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Second Revision No. 69-NFPA 85-2014 [ Section No. A.8.4.3.2.2.4 ]

A.8.4.3.2.2.4    

In general, three safety shutoff valves on the main header is the preferred practice, but in
some situations, this might not be practical.  to minimize the volume of fuel gas between
the block valves. There can be extensive piping between the header and the individual
burner shutoff valves. In some applications, it is not practical to install a third valve in the
main header; therefore, flexibility is given to the designer and to the operator.
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Second Revision No. 26-NFPA 85-2014 [ Section No. A.9.4.2.3 ]

A.9.4.2.3    

The requirement does not exclude the use of water-based solutions, such as wetting
agents, fire extinguishing agents, or surfactants. Water alone should not be the primary
fire-extinguishing agent for fires in raw fuel bunkers. The use of water alone creates
steam, thereby introducing a secondary personnel hazard. Where available, water-based
solutions, such as wetting agents, fire extinguishing agents, or surfactants could
minimize the steam hazard.

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jan 07 14:02:29 EST 2014

Committee Statement

Committee
Statement:

 The annex text is revised to be consistent with changes made in SR 25 on
paragraph 9.4.2.3.

Response
Message:



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 86/130

Second Revision No. 29-NFPA 85-2014 [ Section No. A.9.5.2.5 ]

A.9.5.2.5    

The requirement does not exclude the use of water Water alone should not be used as
the primary fire extinguishing agent. The use of water alone creates steam, thereby
introducing a secondary personnel hazard. Water -based solutions, such as wetting
agents, fire extinguishing agents, or surfactants. The use of water alone creates steam,
thereby introducing a secondary personnel  could minimize the steam  hazard.
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Second Revision No. 51-NFPA 85-2014 [ Section No. B.1 [Excluding any

Sub-Sections] ]

Annex B provides information on gas- and oil-fired supervised manual systems. This
annex provides a method by which to identify or compare old systems to ensure they
were installed and maintained in accordance with the “grandfathered” method and is
reprinted here for the convenience of those where such systems are in existence. This
annex does not apply to new construction or to alterations to existing boilers.

While this type of equipment is no longer recommended for boiler operations, it is
recognized that some petrochemical facilities use these systems on equipment not
covered by this code (multiple burner reformers/furnaces, etc.). Since guidance on these
systems is not generally available, Annex B  has been retained in this document even
though these systems are not considered part of this code (see 1.1.3 ) . Annex B  will
be removed from NFPA 85  in the next edition.
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C.1   Boiler Front Controls — Gas Firing.

C.1.1   Manual System.

The manual system is not recommended; however, it is recognized that, in some boiler
applications and unusual process requirements, there could be a greater safety hazard
from boiler tripping. Under these conditions, the system described in Section C.1
should be approved by the authority having local jurisdiction and should be considered
as a minimum standard. The system requirements listed in Annex B  also should apply.

A manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and shutdown of a boiler in accordance with the specific
operating instructions for each boiler. A key feature of this system is the provision for
gas safety shutoff valve assemblies in the main piping and igniter fuel piping supplying
the boiler. The system includes interlocks to actuate these assemblies in order to
accomplish an emergency shutdown.

C.1.2   Fundamental Principles.
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The operator should follow written instructions for each specific boiler. These
instructions should include the following procedure:

Airflow is adjusted to purge rate, and unit purge is performed.

Purge airflow rate is maintained continuously from purge initiation through the
light-off cycle. If airflow is not maintained at purge rate, the prefiring cycle should
be repeated.

If the first igniter is not lighted within 5 minutes after the igniter safety shutoff
valves have been opened, all fuel valves should be closed and the prefiring cycle
should be repeated.

If flame on the first igniter is not established after the igniter supervisory shutoff
valve has been opened, all fuel valves should be closed and the prefiring cycle
should be repeated.

The operator should observe the igniter flame continuously while opening the first
burner supervisory shutoff valve. If main flame is not established or is lost during
this operation, all fuel valves should be closed immediately and the prefiring cycle
should be repeated.

After each stable main burner flame is established, the igniter should be shut off
unless classified as Class 1 or Class 2. The stability of the main burner flame
should be verified.

Burners should not be lighted from a previously lighted burner.

The operator should observe main flame stability while making any register or
burner damper adjustments. (This is more critical in two-burner boilers.)

After each successive burner light-off, the flame stability of all operating burners
should be verified.

If a second or succeeding burner igniter does not light immediately after its igniter
supervisory shutoff valve has been opened, the igniter supervisory shutoff valve(s)
should be closed and cause for failure to light determined and corrected. At least
1 minute should elapse before the next light-off is attempted.

If a second or succeeding burner flame is not established, the burner and igniter
supervisory shutoff valves should be closed immediately, the burner register or
damper should be opened to firing position, and cause for failure to ignite should
be determined and corrected. At least 1 minute should elapse before attempting
to light this or any igniter.

Operation at less than 25 percent of load is permitted, provided burners maintain
stable flame and airflow is maintained at or above purge rate, regardless of the
actual load.

Low water level in the steam drum should be monitored and alarmed.
Consideration should be given to interlock tripping.
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C.1.3   Equipment.

The following equipment should be provided:

Equipment to change the firing rate that simultaneously adjusts the fuel and air
supplies to a predetermined air-fuel ratio

A purge timer with proven airflow

Provisions for limiting fuel turndown to prevent reducing fuel input below the point
of stable burner operation

Permanently installed igniters

Main and igniter gas supply pressure regulation

Flame failure detection and alarm

C.1.4   Interlocks and Emergency Shutdown — Boiler.

C.1.4.1   

An emergency shutdown should be initiated by the following conditions:

High fuel gas pressure

Low igniter gas pressure

Low fuel gas supply pressure

Fuel gas pressure in the burner header below the minimum required for flame
stability

Loss of all FD fans

Loss of all ID fans, if applicable

Operation of the emergency trip switch by the operator

Loss of control energy if fuel flow to burners is affected in such an event

C.1.4.2   

All individual manual burner and igniter supervisory shutoff valves should be in the closed
position before the main and igniter safety shutoff valves can be opened.

C.1.5   Operating Cycle.

C.1.5.1   Prefiring Cycle — Gas.

The operator should take the steps in Table C.1.5.1  when starting a manual system
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The operator should take the steps in Table C.1.5.1  when starting a manual system
and satisfy the required interlocks at each step.  [See Figure C.1.5.1(a)  and Figure
C.1.5.1(b) .]  Control system energy, power and water levels, and fuel supply should be
established. Prior to start-up, furnace and gas passages should be inspected to
determine whether they are in good repair. It should be determined that the unit and its
associated systems are evacuated of all personnel and that all access and inspection
doors are closed.

Table C.1.5.1 Operator Actions, Prefiring Cycle

Operator Actions* Interlock Functions

(1) Confirm individual burner and igniter
supervisory shutoff valves are closed.

(1) Prove burner and igniter
supervisory shutoff valves closed.

(2) Confirm main and igniter safety shutoff valves
are closed.

(2) None.

(3) Confirm main fuel control valves are closed. (3) None.

(4) Open all burner registers to firing position. (4) None.

(5) Start fans. (5) None.

(6) Open damper(s) to purge position. (6) Prove purge airflow rate.

(7) Start purge timer and purge boiler per
operating instructions.

(7) None.

(8) Immediately proceed with light-off cycle after
completion of purge.

(8) None.

Note: See Figure C.1.5.1(a) and Figure C.1.5.1(b).

*Actions are not necessarily performed in the order shown.

Figure C.1.5.1(a) Typical Ignition System — Manual.

Figure C.1.5.1(b) Typical Fuel Supply System for Natural Gas-Fired Multiple
Burner Boiler — Manual.

DELETED

DELETED
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C.1.5.2   Light-Off Cycle.

The cycle given in Table C.1.5.2  should immediately follow prefiring. Burners are at
light-off fuel pressure. The open register purge principle should be followed during the
light-off procedure.

Table C.1.5.2 Operator Actions, Light-Off Cycle

Operator Actions Interlock Functions

(1) Adjust register of burner to be lighted to
light-off position, if necessary. Airflow at
purge rate.

(1) None.

(2) Confirm burner header atmospheric vent
valve is open.

(2) None.

(3) Open igniter safety shutoff valve(s).
(3) Prove all igniter supervisory shutoff
valves closed. Prove low igniter header
pressure interlocks satisfied.

(4) Open main safety shutoff valves.

(4) Prove all required interlocks satisfied
except burner header low pressure trip
switch, which is bypassed by a circuit
completed only when burner supervisory
shutoff valves are closed.

(5) Confirm burner gas pressure is being
controlled by the main fuel bypass control
valve and is at light-off pressure.

(5) None.

(6) Open individual igniter supervisory shutoff
valve and establish flame while under visual
observation.

(6) Igniter header low fuel pressure trip
switch is in effect when igniter safety
shutoff valves are open. [See step (3).]

(7) While continuously observing igniter
flame, slowly open burner supervisory shutoff
valve at burner being lighted until fully open
to establish burner flame.

(7) Burner header low fuel pressure trip
switch is in effect when main safety
shutoff valve(s) are open. [See step (4).]

(8) Adjust the burner register to firing
position, as necessary.

(8) None.

(9) Slowly close manual burner header
atmospheric vent valve while observing main
fuel pressure gauge.

(9) None.

(10) Unless classified as Class 1 or Class 2,
igniter should be removed from service;
visually confirm main flame stability.

(10) None.

(11) Repeat steps (1) and (5) through (9) for
additional burners at light-off pressure, as
necessary. After each additional burner is
lighted, visually reconfirm the stability of all
previously lighted burners.

(11) None.

(12) Above 25 percent load, close registers
of all burners not placed in operation.

(12) None.

(13) Adjust firing rate of boiler and fuel/air
ratio to meet demand.

(13) None.

Note: See Figure C.1.5.1(a) and Figure C.1.5.1(b).
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C.1.5.3   Normal Shutdown Cycle.

The operator should follow the steps listed in Table C.1.5.3  and satisfy the interlocks
at each step.

Table C.1.5.3 Operator Actions, Normal Shutdown Cycle

Operator Actions Interlock Functions

(1) Reduce boiler load until main fuel control valve is
closed. Main fuel bypass control valve will assume
control at light-off gas pressure. Do not reduce total
airflow below purge rate.

(1) None.

(2) Close individual supervisory shutoff valve at each
burner and associated igniter valve if in operation.
Leave burner register at firing position.

(2) After last burner supervisory
shutoff valve is closed, burner
header low pressure trip switch
is deactivated.

(3) After last burner valve is closed, close main and
igniter safety shutoff valves. Main atmospheric valve
opens.

(3) None.

(4) Immediately open burner header manual vent
valve.

(4) None.

(5) Purge unit. (5) None.

(6) Shut down fan(s), if necessary.
(6) Combustion air interlocks
deactivated.

Note: See Figure C.1.5.1(a) and Figure C.1.5.1(b).

C.1.5.4   Emergency Shutdown.

When an emergency shutdown occurs, the main safety shutoff valve and igniter safety
shutoff valves should close, and the atmospheric vent valves should open.

C.1.5.5   Operator Actions Following an Emergency Shutdown.

C.1.5.5.1   

All main burner and igniter supervisory valves should be closed. Burner register positions
remain unchanged.

C.1.5.5.2   

The atomizing steam flow to all burners should be shut off.

C.1.5.5.3   

Oil guns external to the furnace should be removed and drained.
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C.1.5.5.4   

The unit should be purged in accordance with the following procedure.

If the fans are operating after the trip, they should be continued in service. Under
no circumstances should the airflow be increased immediately. If the airflow is
above purge rate, it can be permitted to be decreased gradually to this value for a
unit purge. If the airflow is below purge rate at the time of the trip, it should be
continued at the existing rate for 5 minutes and then increased gradually to purge
rate and held at this value for a unit purge.

If the trip was caused by loss of draft fans, or if draft fans also have tripped, all
dampers in the air and flue gas passages of the unit should be opened slowly to
the fully open position to create as much natural draft as possible to ventilate the
unit. This condition should be maintained for not less than 15 minutes. At the end
of this period, the flow control dampers should be closed and the fan(s) should be
started immediately. The airflow should be increased gradually to at least purge
rate.

C.1.5.5.5   

The cause of the safety shutdown should be determined and corrected.

C.1.5.5.6   

The light-off cycle then is performed if relight of boiler is desired.

C.1.5.5.7   

If it is desired to remove the boiler from service for a period of time, the fans should be
shut down on completion of purge, and the manual shutoff valves should be closed.

C.2   Boiler Front Controls — Oil Firing.

C.2.1   Manual System.

The manual system is not recommended; however, it is recognized that in some boiler
applications and unusual process requirements, there could be a greater safety hazard
from boiler tripping. Under these conditions, the system described in this section should
be approved by the authority having local jurisdiction and should be considered as a
minimum standard. The system requirements listed in Annex B  also should apply.

A manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and shutdown of a boiler in accordance with the specific
operating instructions for each boiler. A key feature of this system is the provision for oil
safety shutoff valve assemblies in the main piping and igniter fuel piping supplying the
boiler. The system includes interlocks to actuate these assemblies in order to
accomplish an emergency shutdown.
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C.2.2   Fundamental Principles.

The operator should follow written instructions for each specific boiler. These
instructions should include the following procedure:

Airflow is adjusted to the purge rate, and unit purge performed.

Purge airflow rate is maintained continuously from purge initiation through the
light-off cycle. If airflow is not maintained at purge rate, the prefiring cycle should
be repeated.

If the first igniter is not lighted within 5 minutes after the igniter safety shutoff
valves have been opened, all fuel valves should be closed and the prefiring cycle
should be repeated.

If flame on the first igniter is not established after the igniter supervisory shutoff
valve has been opened, all fuel valves should be closed and the prefiring cycle
should be repeated.

The operator should observe the igniter flame continuously while opening the first
burner supervisory shutoff valve. If main flame is not established or is lost during
this operation, all fuel valves should be closed immediately and the prefiring cycle
should be repeated.

After each stable main burner flame is established, the igniter should be shut off
unless classified as Class 1 or Class 2. The stability of the main burner flame
should be verified.

Burners should not be lighted from a previously lighted burner.

The operator should observe main flame stability while making any register or
burner damper adjustments. (This step is more critical in two-burner boilers.)

After each successive burner light-off, the flame stability of all operating burners
should be verified.

If a second or succeeding burner igniter does not light immediately after its igniter
supervisory shutoff valve has been opened, the igniter supervisory shutoff valve(s)
should be closed and cause for failure to light determined and corrected. At least
1 minute should elapse before the next light-off is attempted.

If a second or succeeding main burner flame is not established, the individual
burner supervisory and igniter supervisory shutoff valve(s) should be closed
immediately, the burner register or damper should be opened to firing position,
and cause for failure to ignite should be determined and corrected. At least 1
minute should elapse before attempting to light this or any igniter.

Operation at less than 25 percent of load is permitted, provided burners maintain
stable flame and airflow is maintained at or above purge rate, regardless of the
actual load.

Low water level in the steam drum should be monitored and alarmed.
Consideration should be given to interlock tripping.
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C.2.3   Equipment.

The following equipment should be provided:

Equipment to change the firing rate that simultaneously adjusts the fuel and air
supplies to a predetermined air-fuel ratio

A purge timer with proven airflow

Provisions for limiting fuel turndown to prevent reducing fuel input below the point
of stable burner operation

Permanently installed igniters

Oil pressure regulation

Oil temperature regulation if heating is required

Flame failure detection and alarm

C.2.4   Interlocks and Emergency Shutdown — Boiler.

C.2.4.1   

An emergency shutdown should be initiated by the following conditions:

Low pressure in the oil supply to the control valve

Fuel pressure at the burner below the minimum established by the manufacturer
or by trial

Loss of all FD fans

Loss of all ID fans, if applicable

Operation of the emergency trip switch by the operator

Loss of control energy if fuel flow to burners is affected in such an event

Atomizing medium (if provided) at the burner below the minimum established by
the manufacturer or by trial

C.2.4.2   

All individual manual burner and igniter supervisory shutoff valves should be in the closed
position before the main and igniter safety shutoff valves can be opened.

C.2.5   Operating Cycle.

C.2.5.1   Prefiring Cycle — Oil (Steam Atomized, Heated Oil).

The operator should follow the steps given in Table C.2.5.1  when starting a manual
system and satisfy the required interlocks at each step.  [See Figure C.2.5.1(a)
through Figure C.2.5.1(c) .]  Control system energy, power and water levels, fuel
supply, and atomizing medium, if used, should be established. Prior to start-up, furnace
and gas passages should be inspected to determine whether they are in good repair. It
should be determined that the unit and its associated systems are evacuated by all
personnel and that all access and inspection doors are closed.

Table C.2.5.1 Operator Actions, Prefiring Cycle

Operator Actions* Interlock Functions

(1) Inspect furnace for unburned oil
accumulations.

(1) None.

(2) Confirm burner gun for proper tips or
sprayer plates and place gun in proper (2) None.
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position.

(3) Confirm individual burner and igniter
supervisory shutoff valves are closed.

(3) Prove burner and igniter supervisory
shutoff valves closed.

(4) Confirm main and igniter safety
shutoff valves are closed.

(4) None.

(5) Confirm main fuel control valve is
closed.

(5) None.

(6) Confirm that atomizing steam header
has been blown free of condensate and
header trap is functioning.

(6) None.

(7) Open all burner registers to firing
position.

(7) None.

(8) Start fans. (8) None.

(9) Open main damper(s) to purge
position.

(9) Prove purge airflow rate.

(10) Open main fuel bypass control valve,
main safety shutoff valve, and
recirculating valve to circulate heated oil
through the main fuel bypass control
valve and burner header.

(10) Prove all required interlocks satisfied
except burner header low fuel pressure
switch, which is bypassed by a circuit
completed only when all individual burner
supervisory valves are closed.

(11) Start purge timer and purge boiler
per operating instructions.

(11) None.

(12) Open atomizing medium valve to the
burner gun to be lighted. Blow free of
condensate. Confirm atomizing pressure
has been established.

(12) None.

(13) Immediately proceed with light-off
cycle after completion of purge.

(13) None.

Note: See Figure C.2.5.1(a) through Figure C.2.5.1(c).

*Actions are not necessarily performed in the order shown.

Figure C.2.5.1(a) Typical Ignition System — Manual.

Figure C.2.5.1(b) Typical Mechanical Atomizing Light Oil Igniter System —
Manual.

DELETED



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 98/130

Figure C.2.5.1(c) Typical Steam Atomizing Main Oil Burner System — Manual.

C.2.5.2   Light-Off Cycle.

DELETED

DELETED
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This cycle immediately follows prefiring. Burners are at light-off fuel pressure. The open
register purge principle should be followed during the light-off procedure. The operator is
to follow the steps listed in Table C.2.5.2  and satisfy the interlocks at each step.

Table C.2.5.2 Operator Actions, Light-Off Cycle

Operator Actions Interlock Functions

(1) Adjust register of burner to be lighted to light-off
position, if necessary. Airflow at purge rate.

(1) None.

(2) Confirm that burner oil pressure is being controlled
by the main fuel bypass control valve and is at light-off
pressure. If necessary, throttle oil recirculating valve,
as needed, to maintain necessary light-off pressure.

(2) None.

(3) Open igniter header safety shutoff valve(s).

(3) Prove all igniter supervisory
shutoff valves closed. Prove low
igniter header pressure
interlocks satisfied.

(4) Verify atomizing medium flowing from burner gun
about to be lighted.

(4) None.

(5) Confirm clearing valve closed. (5) None.

(6) Open individual igniter supervisory shutoff valve, and
establish flame while under visual observation.

(6) Igniter header low fuel
pressure trip switch is in effect
when igniter safety shutoff
valves are open. [See (3) in this
column.]

(7) While continuously observing igniter flame, slowly
open burner supervisory shutoff valve at burner being
lighted until fully open to establish burner flame.

(7) Burner header low fuel
pressure trip switch is in effect
when main safety shutoff
valve(s) are open.

(8) Adjust the burner register to firing position, as
necessary.

(8) None.

(9) Unless classified as Class 1 or Class 2, igniter
should be removed from service; visually confirm main
flame stability.

(9) None.

(10) Repeat steps (1) and (5) through (9) for additional
burners at light-off pressure, as necessary. After each
additional burner is lighted, visually reconfirm the
stability of all previously lighted burners.

(10) None.

(11) Above 25 percent load, close registers of all
burners not placed in operation.

(11) None.

(12) Adjust firing rate of boiler and fuel-air ratio to meet
demand.

(12) None.

(13) Close recirculating valve. (13) None.

Note: See Figure C.2.5.1(a) through Figure C.2.5.1(c).
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C.2.5.3   Normal Shutdown Cycle.

The operator should follow the steps listed in Table C.2.5.3  and satisfy the interlocks
at each step.

Table C.2.5.3 Operator Actions, Normal Shutdown Cycle

Operator Actions Interlock Functions

(1) Reduce boiler load until main fuel control valve is
closed. Main fuel bypass control valve will assume
control at light-off oil pressure. Do not reduce total
airflow below purge rate.

(1) None.

(2) Each oil burner should be shut down in the
following sequence if oil gun should be cleared into the
furnace.

(2) None.

 (a) If igniter has been turned off previously, establish
igniter flame on the burner to be shut down.

(a) None.

 (b) Close individual burner supervisory shutoff valve. (b) None.

 (c) Open clearing valve. The clearing valve should be
left open long enough to clear the burner gun
thoroughly.

(c) None.

 (d) Shut off igniter. (d) None.

 (e) Leave burner register open. (e) None.

 (f) Shut off atomizing medium and remove gun.
Note: If oil gun is not cleared into furnace omit
steps(2)(a), (2)(c), and (2)(d).

(f) After last burner supervisory
shutoff valve closed, burner
header low fuel pressure
interlock is deactivated.

(3) After the last individual burner supervisory shutoff
valve is closed, close main and igniter safety shutoff
valves. Igniter atmospheric vent valve opens.

(3) None.

(4) Purge unit. (4) None.

(5) Shut down fan(s), if necessary.
(5) Combustion air interlocks
deactivated.

Note: See Figure C.2.5.1(a) through Figure C.2.5.1(c).

C.2.5.4   Emergency Shutdown.

When an emergency shutdown occurs, the main safety shutoff valve and igniter safety
shutoff valves close, and the atmospheric vent valves open.

C.2.5.5   Operator Actions Following an Emergency Shutdown.

C.2.5.5.1   

All main burner and igniter supervisory valves should be closed. Burner register positions
remain unchanged.

C.2.5.5.2   

The atomizing steam flow to all burners should be shut off.

C.2.5.5.3   

Oil guns external to furnace should be removed and drained.
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C.2.5.5.4   

The unit is purged in accordance with the following procedure:

If the fans are operating after the trip, they should be continued in service. Under
no circumstances should the airflow be increased immediately. If the airflow is
above purge rate, it should be decreased gradually to this value for a unit purge. If
the airflow is below purge rate at the time of the trip, it should be continued at the
existing rate for 5 minutes, then increased gradually to purge rate and held at this
value for a unit purge.

If the 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 should be opened slowly to
the fully open position to create as much natural draft as possible to ventilate the
unit. This condition should be maintained for not less than 15 minutes. At the end
of this period, the flow control dampers should be closed and the fan(s) should be
started immediately. The airflow should be increased gradually to at least purge
rate.

C.2.5.5.5   

The cause of safety shutdown should be determined and corrected.

C.2.5.5.6   

The light-off cycle then is performed if relight of boiler is desired.

C.2.5.5.7   

If it is desired to remove the boiler from service for a period of time, the fans should be
shut down on completion of purge, and the manual shutoff valves should be closed.
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Second Revision No. 70-NFPA 85-2014 [ Chapter G ]

Annex G   Solid Fuel Firing in Stokers

This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.

G.1   Coals.

G.1.1   General.

Depending on the method of stoker firing, all ASTM classifications of coals can be burned.
These include Class I, Anthracite; Class II, Bituminous; Class III, Sub-Bituminous; and
Class IV, Lignite. In choosing an appropriate stoker type, there are several properties of coal
that must be considered. These are, in part, the relationship between fixed carbon and
volatile matter, the moisture content, the percent ash, the ash fusion temperature, and the
free swelling index.

G.1.2   Classification.

G.1.2.1   

Class I, Anthracite Coal, is divided into the following three groups:

Group 1, Meta-Anthracite, in which the fixed carbon on a dry and mineral-matter-free
basis is equal to or greater than 98 percent

Group 2, Anthracite, which has a range of fixed carbon limits on a dry and mineral-
matter-free basis of greater than 92 percent and less than 98.2 percent

Group 3, Semi-Anthracite, which has a fixed carbon limit on a dry and mineral-matter-
free basis equal to or greater than 86 percent and less than 92.8 percent

G.1.2.2   

Class II, Bituminous Coal, is subdivided into the following five groups:

Group 1, Low Volatile Bituminous Coal, has fixed carbon limits greater than 78
percent but less than 86 percent.

Group 2, Medium Volatile Bituminous Coal, has fixed carbon limits greater than 69
percent but less than 78 percent.

Group 3, High Volatile “A” Bituminous Coal, has a fixed carbon quantity of less than
69 percent and greater than 32.564 MJ/kg (14.0 kBtu/lb) calorific value on a moist
mineral-matter-free basis.

Group 4, High Volatile “B” Bituminous Coal, has a calorific value equal to or greater
than 30.238 MJ/kg (13.0 kBtu/lb) and less than 32.564 MJ/kg (14.0 kBtu/lb).

Group 5, High Volatile “C” Bituminous Coal, has a calorific value equal to or greater
than 26.749 MJ/kg (11.5 kBtu/lb) and less than 30.238 MJ/kg (13.0 kBtu/lb) when it is
commonly agglomerating and a calorific value limit equal to or greater than 24.423
MJ/kg (10.5 kBtu/lb) but less than 26.749 MJ/kg (11.5 kBtu/lb) when it is always
agglomerating.

G.1.2.2.1   

All the bituminous coals in groups (1) through (4) are considered commonly agglomerating.

G.1.2.3   
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Class III, Sub-Bituminous Coal, is divided into the following three groups:

Group 1, Sub-Bituminous “A” Coal, has a calorific value equal to or greater than
24.423 MJ/kg (10.5 kBtu/lb) but less than 26.749 MJ/kg (11.5 kBtu/lb).

Group 2, Sub-Bituminous “B” Coal, has a calorific value limit equal to or greater than
22.097 MJ/kg (9.5 kBtu/lb) but less than 24.423 MJ/kg (10.5 kBtu/lb).

Group 3, Sub-Bituminous “C” Coal, has a calorific value equal to or greater than 19.3
MJ/kg (8.3 kBtu/lb) but less than 22.097 MJ/kg (9.5 kBtu/lb).

G.1.2.3.1   

All three groups of the sub-bituminous coals are considered nonagglomerating.

G.1.2.4   

Class IV, Lignite Coal, is divided into two groups:

Group 1, Lignite A Coal, has a calorific value limit equal to or greater than 14.654
MJ/kg (6.3 kBtu/lb) and less than 19.3 MJ/kg (8.3 kBtu/lb).

Group 2, Lignite B Coal, has a calorific value less than 14.654 MJ/kg (6.3 kBtu/lb).

G.1.2.4.1   

Both groups of lignite coals are considered nonagglomerating.

G.1.3   Sizing.

Sizing characteristics vary with stoker type as outlined in ABMA 203, A Guide to Clean and
Efficient Operation of Coal-Stoker-Fired Boilers . Different coals have varying tendencies to
break down during mining processes and in handling. Western sub-bituminous coals are
considered friable and are generally delivered to the boiler with high percentages of particles
less than 6.35 mm ( 1 ⁄4  in.) in size. With the correct equipment, these coals can be burned
satisfactorily.

For the best overall operation, each plant should carefully analyze the fuel characteristics
and associated handling and combustion problems. Anthracite is usually burned in finer
sizes, generally less than 7.94 mm ( 5 ⁄16  in.), to expose more surface of the very high fixed
carbon fuel to the oxygen in the air.

Sizing in the hopper should be within the two limits as set forth in ABMA 203. Means
should be provided for the delivery of coal to the stoker hopper without size segregation.

G.2   Peat.

Peat is a high moisture fuel characterized by high volatile matter, typically 50 percent to 70
percent on a dry, ash-free basis. The harvesting of peat bogs includes air drying to a
moisture less than 50 percent, which allows it to be burned on stokers with preheated air.
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G.3   Wood.

Wood is a fuel derived either from the forest products industries, such as lumbering or pulp
and paper mills, or from the direct harvesting of trees to be used as fuel. Wood is
characterized by a high percentage of volatile matter, from 75 percent to an excess of 80
percent on a dry and ash-free basis. Wood releases its energy at a more rapid rate than
coal.

Two characteristics of wood fuel vary greatly, depending on the source of the fuel. One is
the size consist and the other is moisture content. Size consist can vary from sander dust
to coarse chips or bark, the size of which depends on sizing preparation equipment and, in
the case of bark, its tendency to remain in a long, stringy, fibrous form. Wood moisture can
vary from less than 10 percent to an excess of 60 percent. Wood chips, hogged fuel, or
green lumber mill waste normally have moisture contents varying from 40 percent to 55
percent.

The source of wood fired on stokers can vary considerably. It is necessary for efficient and
safe operation that the fuel be completely mixed without wide variations in sizing or
moisture content. These variations can cause rapid and severe furnace pulsations, resulting
in a dangerous condition as well as inefficient operation. Normally, wood having a moisture
content up to 55 percent can be burned stably without auxiliary fuel as long as proper
attention has been given to furnace design, preheated air temperature, stoker heat releases,
and proper fuel handling and metering. The vast majority of wood is burned on overfeed
spreader stokers.

G.4   Municipal Waste.

Municipal waste is burned with stokers in two forms. The first is known as municipal solid
waste (MSW), which is delivered without preparation. It is normally burned as a deep fuel
bed on an overfeed mass burning-type stoker specially constructed for this service. The
other form of municipal waste is known as refuse-derived fuel (RDF), in which the MSW is
shredded and classified for size and to remove tramp material such as metals and glass. It
is normally burned on an overfeed spreader stoker.

Municipal waste has a high volatile matter–to–fixed carbon ratio. Normally, it readily
releases its energy. The effects of large sizing in the case of MSW and RDF can lead to
improper burning. With the potential for high moisture content, the use of preheated air is
generally advocated.

In the case of an MSW-fired unit, furnace explosions can result from aerosol cans, propane
bottles, and so forth, contained in the fuel supply. Pulsations from concentrations of
extremely volatile wastes may also result.

G.5   Other Waste.

Other waste can include a multiplicity of discarded solids that could be considered stoker
fuel. Wood waste that has been impregnated with resins or additives for adhesions or other
purposes falls into the category of other wastes. These additives, along with a consideration
for size consist, could greatly reduce the flash point of the wood waste and increase
concern for attention to stable furnace conditions. Other common waste might include
bagasse from sugar cane processing, furfural residue from the production of phenolic resins,
coffee grounds from the production of instant coffee, and peanut shells. All of these wastes,
with proper attention to sizing, moisture, and continuous metering, can be successfully
burned on overfeed spreader stokers. The vast majority of waste fuels are further
characterized by a high volatile matter–to–fixed carbon ratio.

G.6   Solid Fuel Firing — Special Characteristics.

G.6.1   Solid Fuels.
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G.6.1.1   

Solid fuels can be burned in three ways: in suspension, in partial suspension with final
burnout on a grate, or in mass on a grate. Different types of grates can be used, depending
on what kind of system is applicable. Several types of feeders are available. Feeders are
specified according to fuel type and method of burning, for example, suspension, in mass,
and so forth.

G.6.1.2   

Some solid fuels have a high moisture content. For instance, bark has a moisture content of
35 percent to 50 percent; bagasse, 40 percent to 60 percent; and coffee grounds, 60
percent. As a result, these fuels can be dried before burning, with some of the final drying
taking place as the fuel enters the furnace and falls to the grate. Manufacturer's
recommendations should be followed.

G.6.1.3   

The size consist of solid fuels should be in accordance with the stoker manufacturer's
recommendations.

G.6.2   Finely Divided Solid Fuels.

G.6.2.1   

Characteristics of finely divided solid fuel approach those of pulverized fuel. Care should be
taken in their handling to prevent accumulations that could ignite spontaneously.

G.6.2.2   

These fuels should be handled separately from other solid fuels; therefore, special care
should be taken to follow safe design and operating procedures. Recommendations of the
equipment manufacturer should be followed.

G.6.3   Specific Fuels.

G.6.3.1   Bagasse.

G.6.3.1.1   

Bagasse is the portion of sugar cane remaining after sugar is extracted. It consists of
cellulose fibers and fine particles.

G.6.3.1.2   

Variations in refining and handling can lead to variations in fuel particle size, which can
create firing problems. These variations can cause rapid and severe furnace pulsations,
resulting in a dangerous condition as well as inefficient operation.

G.6.3.2   Refuse-Derived Fuel.

G.6.3.2.1   

Refuse-derived fuel (RDF) has many of the same characteristics as wood and bagasse and
receives its heating value from the cellulose contained in it. If given proper preparation, RDF
can have a heating value as high as lignite. RDF has a high ash but low sulfur content. The
heating value of RDF has increased in recent years because of the large amounts of
cardboard, plastics, and other synthetic materials used. Typical components of RDF are
paper and paper products, plastics, wood, rubber, solvents, oils, paints, and other organic
materials.

G.6.3.2.2   

Other conventional fuels can be burned in the same furnace along with RDF. Older
installations may also be converted to burn RDF.

G.6.3.2.3   

A number of complex factors must be considered before attempting conversion to RDF firing.
Additional information can be obtained from the boiler manufacturer.
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G.7   Special Considerations.

For special problems in handling refuse fuels, see NFPA 850 , Recommended Practice for
Fire Protection for Electric Generating Plants and High Voltage Direct Current Converter
Stations .
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Annex H G Supplemental Information on Stoker-fired Boilers  

This annex is not a part of the requirements of this NFPA document but is included for informational purposes 

only.  

G.1 Stoker Descriptions 

H.1 G.1.1 Terminology.  

The following terms are commonly associated with stoker-fired boilers.  

H.1.1 G.1.1.1 Bottom Air Admission.  

A method of introducing air to a chain or traveling grate stoker under the stoker.  

H.1.2 G.1.1.2 Cinder Return.  

In a stoker-fired boiler, an apparatus for the return of collected cinders to the furnace, either directly or with the fuel.  

H.1.3 G.1.1.3 Coking Plate.  

A plate adjacent to a grate through which no air passes and on which coal is placed for distilling the coal volatiles before the 

coal is moved onto the grate.  

H.1.4 G.1.1.4 Drag Seal.  

In a chain grate stoker, the hinged plate resting against the returning chain and used to seal the air compartments.  

H.1.5 G.1.1.5 Dump Plate.  

In a stoker-fired furnace, an ash-supporting plate from which ashes can be discharged from one side of the plate by 

rotation of the plate.  

H.1.6 G.1.1.6 Fly Carbon Reinjection.  

In a stoker-fired boiler, the process of removing the coarse carbon-bearing particles from the particulate matter carried 

over from the furnace and returning the carbonaceous material to the furnace to be combusted.  
 

H.1.7 G.1.1.7 Friability.  

The tendency of coal to crumble or break into small pieces.  

H.1.8 G.1.1.8 Hogged Fuel.  

Wood refuse that has been chipped or shredded by a machine known as a hog.  

H.1.9 G.1.1.9 Gate (for Raw Fuel) (Silo Gate; Bunker Gate).  

A shutoff gate between the raw-fuel bunker and the raw-fuel feeder.  

H.1.9.1 G.1.1.9.1 Stoker Gate.  

An element of a stoker placed at the point of entrance of fuel into the furnace and by means of which the depth of fuel on the 

stoker grate is controlled. It is generally used in connection with chain or traveling grate stokers and has the form of a 

guillotine.  

H.1.10 G.1.1.10 Grate.  

H.1.10.1 G.1.1.10.1 Bars or Keys Grate.  

Those parts of the fuel-supporting surface arranged to admit air for combustion.  

H.1.10.2 G.1.1.10.2 Hand-Fired Grate.  

A grate on which fuel is placed manually, usually by means of a shovel.  

H.1.11 G.1.1.11 Grindability.  

The characteristic of solid fuel that indicates its relative ease of pulverization, as defined by ASTM D 409, Standard Test 

Method for Grindability of Coal by the Hardgrove-Machine Method.  

H.1.12 G.1.1.12 Ledge Plate.  

A form of plate that is adjacent to and overlaps the edge of a stoker.  



H.1.13 G.1.1.13 Retort.  

A trough or channel in an underfeed stoker, extending within the furnace, through which fuel is forced upward into the 

fuel bed.  

H.1.14 G.1.1.14 Side Air Admission.  

Admission of air to the underside of a grate from the sides of a chain or traveling grate stoker.  

H.1.15 G.1.1.15 Stoker.  

H.1.15.1 G.1.1.15.1 Chain Grate Stoker.  

A stoker that has a moving endless chain as a grate surface, onto which coal is fed directly from a hopper.  

H.1.15.2 G.1.1.15.2 Dump Grate Stoker.  

A stoker equipped with movable ash trays, or grates, by means of which the ash is discharged at any desirable interval.  

H.1.15.3 G.1.1.15.3 Forced Draft Stoker.  

A stoker in which the flow of air through the grate is caused by a pressure produced by mechanical means.  

H.1.15.4 G.1.1.15.4 Front Discharge Stoker.  

A stoker so arranged that refuse is discharged from the grate surface at the same end as the coal feed.  

H.1.15.5 G.1.1.15.5 Mechanical Stoker.  

A device consisting of a mechanically operated fuel feeding mechanism and a grate, used for the purpose of feeding solid 

fuel into a furnace, distributing it over a grate, admitting air to the fuel for the purpose of combustion, and providing a means 

for removal or discharge of refuse.  

H.1.15.6 G.1.1.15.6 Multiple Retort Stoker.  

An underfeed stoker consisting of two or more retorts, parallel and adjacent to each other, but separated by a line of 

tuyeres, and arranged so that the refuse is discharged at the ends of the retorts.  

 

H.1.15.7 G.1.1.15.7 Overfeed Stoker.  

A stoker in which fuel is fed onto grates above the point of air admission to the fuel bed. Overfeed stoker grates include the 

following: (1) Front Feed, Inclined Grate — fuel is fed from the front onto a grate inclined downward toward the rear of the 

stoker; (2) Chain or Traveling Grate — a moving endless grate that conveys fuel into and through the furnace where it is 

burned, after which it discharges the refuse; (3) Vibrating Grate — an inclined vibrating grate in which fuel is conveyed into 

and through the furnace where it is burned, after which it discharges the refuse.  

H.1.15.8 G.1.1.15.8 Rear Discharge Stoker.  

A stoker so arranged that ash is discharged from the grate surface at the end opposite the solid fuel.  

H.1.15.9 G.1.1.15.9 Reciprocating Grate Stoker.  

A grate element that has reciprocating motion, usually for the purpose of fuel agitation or ash removal.  

H.1.15.10 G.1.1.15.10 Side Dump Stoker.  

A stoker so arranged that refuse is discharged from a dump plate at the side of the stoker.  

H.1.15.11 G.1.1.15.1 Single Retort Stoker.  

An underfeed stoker using one retort only in the assembly of a complete stoker.  

H.1.15.12 G.1.1.15.12 Traveling Grate Stoker.  

A stoker similar to a chain grate stoker with the exception that the grate is separate from but is supported on and driven 

by chains.  

H.1.15.12.1 G.1.1.15.12.1 Continuous Ash Discharge Underfeed Stoker.  

A stoker in which the refuse is discharged continuously from the normally stationary stoker ash tray to the ash pit, without the 

use of mechanical means other than the normal action of the coal feeding and agitating mechanism.  

H.1.15.12.2 G.1.1.15.12.2 Rear Discharge Underfeed Stoker.  



A stoker having a grate composed of transversely spaced underfeed retorts that feed and distribute solid fuel to intermediate 

rows of tuyeres through which air is admitted for combustion. The ash is discharged from the stoker across the rear end.  

H.1.15.12.3 G.1.1.15.12.3 Side Ash Discharge Underfeed Stoker.  

A stoker having one or more retorts that feed and distribute fuel onto side tuyeres or a grate through which air is 

admitted for combustion and over which the ash is discharged at the side parallel to the retorts.  

H.1.15.12.4 G.1.1.15.12.4 Water Cooled Stoker.  

A stoker having tubes in or near the grate surface through which water is passed for cooling the grates.  

H.1.15.13 G.1.1.15.13 Underfeed Stoker.  

A stoker in which fuel is introduced through retorts at a level below the location of air admission to the fuel bed. Underfeed 

stokers are divided into three general classes.  

H.2 G.1.2 Single or Multiple Retort Underfeed Stoker.  

Figure H.2 G.1.2(a) shows a cross-sectional view of a single retort underfeed stoker. Figure H.2 G.1.2(b) shows components 

of a multiple retort underfeed stoker.  

 

Figure H.2G.1.2(a) Cross-Sectional View of Single Retort Underfeed Stoker in Operation.  

(Reprinted with permission of Detroit Stoker Company.)  

 

Figure H.2 G.1.2(b) Multiple Retort Underfeed Stoker Showing Components. (Reprinted with permission of Detroit 

Stoker Company.)  

 

H.2.1 G.1.2.1 Fuel Subsystem.  

The fuel combusted with an underfeed stoker is typically coal or wood. The fuel system can be as simple as manual loading of 

a live hopper or automatic loading from a fuel storage facility. Either way, fuel must be delivered at proper sizing and quantity 

to the live hopper to maintain an adequate fuel supply in the hopper. The live hopper has an open bottom that delivers fuel by 

gravity to the feed screw. Fuel is conveyed to the grate area by means of the feed screw at a variable speed, based on boiler 

demand. Some underfeed stokers use a reciprocating ram instead of a feed screw. Fuel is forced upward and outward through 

the retort, onto the tuyeres, at which point it is combusted.  

H.2.2 G.1.2.2 Air Subsystem.  



Air is supplied under the grate (undergrate air plenum) by means of a forced draft fan (undergrate air fan). Overfire air is 

optional and is supplied in any or all of the furnace walls. Underfeed stokers must be balanced draft units.  

H.2.2.1 G.1.2.2.1 

At least 10 percent of the total air required for combustion at maximum continuous rating should be provided as overfire air 

when used.  

H.2.3 G.1.2.3 Ash Subsystem.  

A dump grate is used to deposit ash into an ash pit. Ash is typically manually removed from the ash pit through ash doors on 

the front of the unit.  

H.3 G.1.3 Overfeed Mass Burning Stoker.  

Overfeed mass burning stokers include not only chain and traveling grate stokers for coal firing but also the municipal solid 

waste (MSW) stoker for mass burning of unprepared municipal waste.  

 

H.3.1 G.1.3.1 

Overfire air should be provided in a quantity not less than 15 percent of the total air required for combustion (theoretical 

plus excess) at maximum continuous rating. This overfire air should be arranged to effectively cover the active burning 

area of the grate.  

H.3.2 G.1.3.2 

The recommended grate heat release should not exceed 1.420 MWt/m
2

 (450,000 Btu/hr/ft
2

) of  

effective air admitting grate area. Maximum grate heat release rates per linear dimension of stoker width should be 8.66 MWt 

per linear meter (9.0 million Btu/hr per linear foot) of stoker width without arches and 10.4 MWt per linear meter (10.8 million 

Btu/hr per linear foot) with arches.  

H.3.3 G.1.3.3 

This stoker is sensitive to changes in fuel sizing and distribution.  

H.3.4 G.1.3.4 

Means should be provided for the delivery of fuel to the stoker hopper without size segregation.  

H.3.5 G.1.3.5 

Ash softening temperature should be 1204°C (2200°F) or higher.  

H.3.6 G.1.3.6 

The ash-fired total moisture in the coal should be a maximum of 20 percent by weight.  

H.3.7 G.1.3.7 

Means should be provided for tempering coals having free-swelling indices above 5 by adding moisture to a maximum of 

15 percent by weight.  

H.3.8 G.1.3.8 

The volatile matter on a dry basis should be not less than 22 percent without special arch construction.  

H.3.9 G.1.3.9 

Coal should have a minimum ash content of 4 percent and a maximum of 20 percent (dry basis), to protect the grates from 

overheating and to maintain ignition.  

H.3.10 G.1.3.10 Chain and Traveling Grate Stoker.  

Figure H.3.10 G.1.3.10 shows a side view of a chain grate overfeed stoker.  

Figure H.3.10 G.1.3.10 Side View of Chain Grate Overfeed Stoker. (Reprinted with permission of Detroit Stoker 

Company.)  



 
H.3.10.1 G.1.3.10.1 

Chain and traveling grate stokers are normally used for coal firing and are similar except for grate construction. The grate in 

these stokers resembles a wide belt conveyor, moving slowly from the feed end of the furnace to the ash discharge end. Coal 

feeds from a hopper under control of a manually controlled gate, which establishes fuel bed thickness. Furnace heat ignites 

the coal and vaporization begins. As the fuel bed moves along slowly, the coke formed is burned and the bed gets 

progressively thinner as the ash is automatically discharged at the rear of the stoker. To control the combustion air 

requirements and fuel bed resistances along the grate length, the stoker is zoned or sectionalized with a manually operated 

damper in each section. Air for combustion can enter from the bottom through both grates or from the side between the top 

and bottom grates. An automatic combustion control system is furnished with this firing system. However, the coal feed gate 

and the distribution of undergrate air and overfire air can be adjusted manually to meet the varying characteristics of the fuel.  

H.3.10.2 G.1.3.10.2 

These stokers are used mainly for medium-sized industrial boilers with heat inputs from 11.72 MWt (40 million Btu/hr) to 49.8 

MWt (170 million Btu/hr). Coal sizing should be 25.4 mm (1 in.) with approximately 20 percent to 50 percent passing through a 

6.35 mm (
1

⁄4 in.) round mesh screen. This stoker will handle such fuels as bituminous coals, anthracite coals, coke breeze, 

sub-bituminous coals, and lignite. This stoker produces low particulate emission.  

 

H.3.10.3 G.1.3.10.3 

The coal requirements of this stoker, especially sizing and chemical composition, are important for successful operation. The 

free-swelling index should not exceed 5 on a scale of 1 to 10 without coal tempering, or 7 with coal tempering.  

H.3.11 G.1.3.11 Vibrating Grate Stoker.  

Figure H.3.11 G.1.3.11 shows a side view of a water-cooled vibrating grate stoker.  

Figure H.3.11 G.1.3.11 Side View of a Water-Cooled Vibrating Grate Stoker. (Reprinted with permission of 

Detroit Stoker Company.)  

 

H.3.11.1 G.1.3.11.1 

The vibrating grate stoker is water cooled, with an inclined, intermittently vibrating grate surface to slowly move the fuel bed 

down the inclined grate from the feed end of the furnace to the ash discharge end. Coal is fed from a hopper onto the inclined 

grate surface to form the fuel bed. The fuel bed thickness is established by a coal gate at the fuel hopper outlet and an 

adjustable ash dam at the ash discharge end.  



H.3.11.2 G.1.3.11.2 

Furnace heat ignites the coal and distillation begins. As the fuel bed moves along slowly, the coke formed is burned and the 

bed gets progressively thinner as the ash is automatically discharged at the rear of the stoker. To control the combustion air 

requirements in relation to varying fuel bed resistances along the grate length, combustion air enters from the bottom of the 

grates through zoned or sectionalized plenum chambers. Each zoned section is furnished with a manually operated control 

damper. An automatic combustion control system is furnished with this firing system. The vibration generator that conveys the 

fuel bed is controlled automatically by cycle timers connected to the combustion control system. However, the coal feed gate 

and the distribution of undergrate air and overfire air can be adjusted manually to meet the varying characteristics of the fuel.  

 
H.3.11.3 G.1.3.11.3 

These stokers are used mainly for medium-sized industrial boilers with heat inputs from 20.5 MWt (70 million Btu/hr) to 41.0 

MWt (140 million Btu/hr). They are designed to burn low-ranking coals. Coal sizing should be 25.4 mm (1 in.) with 

approximately 20 percent to 50 percent passing through a 6.35 mm (
1

⁄4 in.) round mesh screen.  

H.3.11.4 G.1.3.11.4 

Response to load changes is slow — faster than the underfeed but much slower than the spreader stoker.  

H.3.12 G.1.3.12 MSW Stoker.  

Figure H.3.12 G.1.3.12 shows a side view of a traveling grate overfeed stoker.  

Figure H.3.12 G.1.3.12 Side View of a Traveling Grate Overfeed Stoker. (Reprinted with permission of Detroit Stoker 

Company.)  

 

H.3.12.1 G.1.3.12.1 

The grate of an inclined stoker resembles a staircase and is used to move refuse from the feed end of the furnace to the ash 

discharge end. Refuse is fed from a charging hopper under control of a mechanical system, which establishes fuel bed 

thickness. A mechanical system then agitates and conveys the refuse down this incline by continuous agitation. This agitation 

is required to expose all the refuse to the air to increase the burning rate and complete combustion. The individual plenums 

under the grates provide a means of distributing air to a particular location. This undergrate air system, coupled with the 

overfire air, completes the air requirements for combustion.  

H.3.12.2 G.1.3.12.2 

The constantly changing firing conditions associated with the variation in the density and composition of the refuse require 

constant operator attention and manual adjustments.  

H.3.12.3 G.1.3.12.3 

Because feed rate is directly proportional to the stoker grate speed, the feed rate must be correlated closely with the stoker 

burning rate and, in turn, with combustion air supply and distribution. Because an automatic grate speed control to match 

actual burning rates is not always practical, the operator's duties consist of frequent visual monitoring of the combustion 

process and readjustments in combustion air distribution and grate speed with manually controlled systems.  

H.3.12.4 G.1.3.12.4 



This stoker is currently used for medium-size boilers with heat inputs from 8.8 MWt (30 million Btu/hr) to 99.6 MWt (340 

million Btu/hr).  

H.3.12.5 G.1.3.12.5 

Due to the nonuniform sizing of the refuse, the response to load change is slow. Due to the nonhomogeneous nature of 

raw refuse, high excess air requirements can result in lower thermal efficiency of the generating system.  

 

H.3.12.6 G.1.3.12.6 

This type of stoker is designed to burn unprepared raw municipal waste refuse, with most of the combustion occurring on or 

near the grate surface. Generally, the stoker is sized for the highest anticipated refuse heat value. The heat values for refuse 

can vary from 6.978 MJ/kg (3.0 kBtu/lb) to  

13.956 MJ/kg (6.0 kBtu/lb).  

H.4 G.1.4 Spreader Stoker.  

Figure H.4 G.1.4 Side View of a Spreader Stoker with Traveling Grate. (Reprinted with permission of Detroit Stoker 

Company.)  

Figure H.4 G.1.4 shows a side view of a spreader stoker with traveling grate.  

 

H.4.1 G.1.4.1 General.  

H.4.1.1 G.1.4.1.1 

The spreader stoker distributes fuel into the furnace from a location above the fuel bed, with a portion of the fuel burned in 

suspension and a portion on the grates. Theoretically, equal energy is released from each square foot of active grate area. To 

accomplish this equal energy release, it is necessary to have even fuel distribution over the grate surface and even airflow 

through the grates from the air plenum beneath.  

H.4.1.2 G.1.4.1.2 

There are five spreader stoker grate types in general use today.  

(1) A traveling grate with a continuous forward moving grate in which the return portion is on the underside, within the air 
plenum chamber. Ashes are conveyed to the front end  

(2) A reciprocating grate, which is a stepped grate having a slow reciprocating action to convey the ashes to the front end  

(3) A vibrating grate, either air-cooled or water-cooled, having an intermittent vibrating action to convey the ashes to the front 
end  

(4) A dumping grate, which manually intermittently discharges all the ashes on the grate vertically downward to the ash pit and 
which is seldom supplied today  



(5) A stationary grate, which is typically used for low-ash fuels  
 

H.4.1.3 G.1.4.1.3 

The spreader stoker contains fuel feeders located in the front wall in sufficient quantity to ensure even lateral distribution of the 

fuel across the width of the grate. The design of the fuel feeder also incorporates methods to achieve even longitudinal 

distribution of fuel. These feeders take on many different designs and shapes, depending on the fuel and the manufacturer.  

H.4.1.4 G.1.4.1.4 

A spreader stoker system can include a cinder return system. Its function is to return a portion of cinders leaving the furnace 

and collected in various cinder hoppers to the furnace for reburning.  

 

H.4.1.5 G.1.4.1.5 

A spreader stoker includes an overfire air turbulence system. Its function is to provide mixing of the fuel and oxygen. Overfire 

air nozzles are located in the area of the furnace of highest temperature for highest efficiency and burnout of volatiles and 

carbon particles.  

H.4.1.6 G.1.4.1.6 

Spreader stokers are utilized on boilers having heat inputs from 8.8 MWt (30 million Btu/hr) to 240.3 MWt (820 million Btu/hr), 

depending on the fuel and type of spreader stoker grate. Spreader stokers have a very thin, active fuel bed and thus can 

respond to load changes quite rapidly.  

H.4.2 G.1.4.2 

Spreader stokers are not normally applied to coals having a volatile matter on a dry and ash-free basis of less than 20 

percent. Moisture content affects the burning of sub-bituminous and lignitic coals on a spreader stoker. Preheated air is 

recommended for moisture contents greater than 25 percent. Ash content in excess of that required for grate protection has 

little effect on the selection of fuels for spreader stokers, because it affects only grate speed. Ash softening temperature is a 

consideration only on reciprocating, vibrating, or dump grate spreader stokers.  

H.4.3 G.1.4.3 

All wood, municipal waste, and other wastes listed in Annex G can be burned on spreader stokers. Wood with moisture 

content up to 55 percent can be burned without auxiliary fuel as long as preheated air temperature is sufficiently high. 

Municipal waste can be burned on an overfeed spreader stoker only as RDF. Of greatest importance in looking at refuse fuels 

is size consist.  

Annex G Solid Fuel Firing in Stokers  

This annex is not a part of the requirements of this NFPA document but is included for informational purposes 

only.  

G.1 G.2 Coals.  

G.1.1 G.2.1 General.  

Depending on the method of stoker firing, all ASTM classifications of coals can be burned. These include Class I, Anthracite; 

Class II, Bituminous; Class III, Sub-Bituminous; and Class IV, Lignite. In choosing an appropriate stoker type, there are several 

properties of coal that must be considered. These are, in part, the relationship between fixed carbon and volatile matter, the 

moisture content, the percent ash, the ash fusion temperature, and the free swelling index.  

G.1.2 G.2.2 Classification.  
G.1.2.1 G.2.2.1 

Class I, Anthracite Coal, is divided into the following three groups:  

(1) Group 1, Meta-Anthracite, in which the fixed carbon on a dry and mineral-matter-free basis is equal to or greater than 98 
percent  

(2) Group 2, Anthracite, which has a range of fixed carbon limits on a dry and mineral-matter-free basis of greater than 92 
percent and less than 98.2 percent  

(3) Group 3, Semi-Anthracite, which has a fixed carbon limit on a dry and mineral-matter-free basis equal to or greater than 86 
percent and less than 92.8 percent  
 

G.1.2.2 G.2.2.2 



Class II, Bituminous Coal, is subdivided into the following five groups:  

(1) Group 1, Low Volatile Bituminous Coal, has fixed carbon limits greater than 78 percent but less than 86 percent.  

(2) Group 2, Medium Volatile Bituminous Coal, has fixed carbon limits greater than 69 percent but less than 78 percent.  

(3) Group 3, High Volatile “A” Bituminous Coal, has a fixed carbon quantity of less than 69 percent and greater than 32.564 
MJ/kg (14.0 kBtu/lb) calorific value on a moist mineral-matter-free basis.  
(4) Group 4, High Volatile “B” Bituminous Coal, has a calorific value equal to or greater than 30.238 MJ/kg (13.0 kBtu/lb) and 
less than 32.564 MJ/kg (14.0 kBtu/lb).  
(5) Group 5, High Volatile “C” Bituminous Coal, has a calorific value equal to or greater than 26.749 MJ/kg (11.5 kBtu/lb) and 
less than 30.238 MJ/kg (13.0 kBtu/lb) when it is commonly agglomerating and a calorific value limit equal to or greater than 
24.423 MJ/kg (10.5 kBtu/lb) but less than 26.749 MJ/kg (11.5 kBtu/lb) when it is always agglomerating.  
 

G.1.2.2.1 G.2.2.2.1 

All the bituminous coals in groups (1) through (4) are considered commonly agglomerating.  

G.1.2.3 G.2.2.3 

Class III, Sub-Bituminous Coal, is divided into the following three groups:  

(1) Group 1, Sub-Bituminous “A” Coal, has a calorific value equal to or greater than 24.423 MJ/kg (10.5 kBtu/lb) but less than 
26.749 MJ/kg (11.5 kBtu/lb).  
(2) Group 2, Sub-Bituminous “B” Coal, has a calorific value limit equal to or greater than 22.097 MJ/kg (9.5 kBtu/lb) but less 
than 24.423 MJ/kg (10.5 kBtu/lb).  

(3) Group 3, Sub-Bituminous “C” Coal, has a calorific value equal to or greater than 19.3 MJ/kg (8.3 kBtu/lb) but less than 
22.097 MJ/kg (9.5 kBtu/lb).  
 

G.1.2.3.1 G.2.2.3.1 

All three groups of the sub-bituminous coals are considered nonagglomerating.  

G.1.2.4 G.2.2.4 

Class IV, Lignite Coal, is divided into two groups:  

(1) Group 1, Lignite A Coal, has a calorific value limit equal to or greater than 14.654 MJ/kg (6.3 kBtu/lb) and less than 19.3 
MJ/kg (8.3 kBtu/lb).  

(2) Group 2, Lignite B Coal, has a calorific value less than 14.654 MJ/kg (6.3 kBtu/lb).  
 

G.1.2.4.1 G.2.2.4.1 

Both groups of lignite coals are considered nonagglomerating.  

 

G.1.3 G.2.3 Sizing.  

Sizing characteristics vary with stoker type as outlined in ABMA 203, A Guide to Clean and Efficient Operation of 

Coal-Stoker-Fired Boilers. Different coals have varying tendencies to break down during mining processes and in handling. 

Western sub-bituminous coals are considered friable and are generally delivered to the boiler with high percentages of 

particles less than 6.35 mm (
1

⁄4 in.) in size. With the correct equipment, these coals can be burned satisfactorily.  

For the best overall operation, each plant should carefully analyze the fuel characteristics and associated handling and 

combustion problems. Anthracite is usually burned in finer sizes, generally less than 7.94 mm (
5

⁄16 in.), to expose more surface 

of the very high fixed carbon fuel to the oxygen in the air.  

Sizing in the hopper should be within the two limits as set forth in ABMA 203. Means should be provided for the delivery 

of coal to the stoker hopper without size segregation.  

G.2 G.3 Peat.  

Peat is a high moisture fuel characterized by high volatile matter, typically 50 percent to 70 percent on a dry, ash-free basis. 

The harvesting of peat bogs includes air drying to a moisture less than 50 percent, which allows it to be burned on stokers 

with preheated air.  

G.3 G.4 Wood.  



Wood is a fuel derived either from the forest products industries, such as lumbering or pulp and paper mills, or from the 

direct harvesting of trees to be used as fuel. Wood is characterized by a high percentage of volatile matter, from 75 percent 

to an excess of 80 percent on a dry and ash-free basis. Wood releases its energy at a more rapid rate than coal.  

Two characteristics of wood fuel vary greatly, depending on the source of the fuel. One is the size consist and the other is 

moisture content. Size consist can vary from sander dust to coarse chips or bark, the size of which depends on sizing 

preparation equipment and, in the case of bark, its tendency to remain in a long, stringy, fibrous form. Wood moisture can vary 

from less than 10 percent to an excess of 60 percent. Wood chips, hogged fuel, or green lumber mill waste normally have 

moisture contents varying from 40 percent to 55 percent.  

The source of wood fired on stokers can vary considerably. It is necessary for efficient and safe operation that the fuel be 

completely mixed without wide variations in sizing or moisture content. These variations can cause rapid and severe furnace 

pulsations, resulting in a dangerous condition as well as inefficient operation. Normally, wood having a moisture content up to 

55 percent can be burned stably without auxiliary fuel as long as proper attention has been given to furnace design, 

preheated air temperature, stoker heat releases, and proper fuel handling and metering. The vast majority of wood is burned 

on overfeed spreader stokers.  

G.4 G.5 Municipal Waste.  

Municipal waste is burned with stokers in two forms. The first is known as municipal solid waste (MSW), which is delivered 

without preparation. It is normally burned as a deep fuel bed on an overfeed mass burning-type stoker specially constructed 

for this service. The other form of municipal waste is known as refuse-derived fuel (RDF), in which the MSW is shredded and 

classified for size and to remove tramp material such as metals and glass. It is normally burned on an overfeed spreader 

stoker.  

Municipal waste has a high volatile matter–to–fixed carbon ratio. Normally, it readily releases its energy. The effects of large 

sizing in the case of MSW and RDF can lead to improper burning. With the potential for high moisture content, the use of 

preheated air is generally advocated.  

In the case of an MSW-fired unit, furnace explosions can result from aerosol cans, propane bottles, and so forth, contained in 

the fuel supply. Pulsations from concentrations of extremely volatile wastes may also result.  

 
G.5 G.6 Other Waste.  

Other waste can include a multiplicity of discarded solids that could be considered stoker fuel. Wood waste that has been 

impregnated with resins or additives for adhesions or other purposes falls into the category of other wastes. These additives, 

along with a consideration for size consist, could greatly reduce the flash point of the wood waste and increase concern for 

attention to stable furnace conditions. Other common waste might include bagasse from sugar cane processing, furfural 

residue from the production of phenolic resins, coffee grounds from the production of instant coffee, and peanut shells. All of 

these wastes, with proper attention to sizing, moisture, and continuous metering, can be successfully burned on overfeed 

spreader stokers. The vast majority of waste fuels are further characterized by a high volatile matter–to–fixed carbon ratio.  

G.6 G.7 Solid Fuel Firing — Special Characteristics.  

G.6.1 G.7.1 Solid Fuels.  

G.6.1.1 G.7.1.1 

Solid fuels can be burned in three ways: in suspension, in partial suspension with final burnout on a grate, or in mass on a 

grate. Different types of grates can be used, depending on what kind of system is applicable. Several types of feeders are 

available. Feeders are specified according to fuel type and method of burning, for example, suspension, in mass, and so 

forth.  

G.6.1.2 G.7.1.2 

Some solid fuels have a high moisture content. For instance, bark has a moisture content of 35 percent to 50 percent; 

bagasse, 40 percent to 60 percent; and coffee grounds, 60 percent. As a result, these fuels can be dried before burning, with 

some of the final drying taking place as the fuel enters the furnace and falls to the grate. Manufacturer's recommendations 

should be followed.  

G.6.1.3 G.7.1.3 

The size consist of solid fuels should be in accordance with the stoker manufacturer's recommendations.  

G.6.2 G.7.2 Finely Divided Solid Fuels.  

G.6.2.1 G.7.2.1 



Characteristics of finely divided solid fuel approach those of pulverized fuel. Care should be taken in their handling to prevent 

accumulations that could ignite spontaneously.  

G.6.2.2 G.7.2.2 

These fuels should be handled separately from other solid fuels; therefore, special care should be taken to follow safe 

design and operating procedures. Recommendations of the equipment manufacturer should be followed.  

G.6.3 G.7.3 Specific Fuels.  

G.6.3.1 G.7.3.1 Bagasse.  

G.6.3.1.1 G.7.3.1.1 

Bagasse is the portion of sugar cane remaining after sugar is extracted. It consists of cellulose fibers and fine particles.  

G.6.3.1.2 G.7.3.1.2 

Variations in refining and handling can lead to variations in fuel particle size, which can create firing problems. These 

variations can cause rapid and severe furnace pulsations, resulting in a dangerous condition as well as inefficient operation.  

G.6.3.2 G.7.3.2 Refuse-Derived Fuel.  

G.6.3.2.1 G.7.3.2.1 

Refuse-derived fuel (RDF) has many of the same characteristics as wood and bagasse and receives its heating value from the 

cellulose contained in it. If given proper preparation, RDF can have a heating value as high as lignite. RDF has a high ash but 

low sulfur content. The heating value of RDF has increased in recent years because of the large amounts of cardboard, 

plastics, and other synthetic materials used. Typical components of RDF are paper and paper products, plastics, wood, 

rubber, solvents, oils, paints, and other organic materials.  

 
G.6.3.2.2 G.7.3.2.2 

Other conventional fuels can be burned in the same furnace along with RDF. Older installations may also be converted to burn 

RDF.  

G.6.3.2.3 G.7.3.2.3 

A number of complex factors must be considered before attempting conversion to RDF firing. Additional information can 

be obtained from the boiler manufacturer.  

G.7 G.8 Special Considerations.  

For special problems in handling refuse fuels, see NFPA 850, Recommended Practice for Fire Protection for Electric 

Generating Plants and High Voltage Direct Current Converter Stations.  
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F.1.1.4   Drag Seal.

In a chain grate stoker, the hinged plate resting against the returning chain and used to
seal the air compartments.

F.1.1.5   Dump Plate.

In a stoker-fired furnace, an ash-supporting plate from which ashes can be discharged
from one side of the plate by rotation of the plate.

F.1.1.6   Fly Carbon Reinjection.

In a stoker-fired boiler, the process of removing the coarse carbon-bearing particles from
the particulate matter carried over from the furnace and returning the carbonaceous
material to the furnace to be combusted.

F.1.1.7   Friability.

The tendency of coal to crumble or break into small pieces.

F.1.1.8   Hogged Fuel.

Wood refuse that has been chipped or shredded by a machine known as a hog.

F.1.1.9   Gate (for Raw Fuel) (Silo Gate; Bunker Gate).

A shutoff gate between the raw-fuel bunker and the raw-fuel feeder.

F.1.1.9.1   Stoker Gate.

An element of a stoker placed at the point of entrance of fuel into the furnace and by
means of which the depth of fuel on the stoker grate is controlled. It is generally used in
connection with chain or traveling grate stokers and has the form of a guillotine.

F.1.1.10   Grate.

F.1.1.10.1   Bars or Keys Grate.

Those parts of the fuel-supporting surface arranged to admit air for combustion.

F.1.1.10.2   Hand-Fired Grate.

A grate on which fuel is placed manually, usually by means of a shovel.

F.1.1.11   Grindability.

The characteristic of solid fuel that indicates its relative ease of pulverization, as
defined by ASTM D 409, Standard Test Method for Grindability of Coal by the
Hardgrove-Machine Method.

F.1.1.12   Ledge Plate.

A form of plate that is adjacent to and overlaps the edge of a stoker.

F.1.1.13   Retort.

A trough or channel in an underfeed stoker, extending within the furnace, through
which fuel is forced upward into the fuel bed.

F.1.1.14   Side Air Admission.

Admission of air to the underside of a grate from the sides of a chain or traveling grate
stoker.

F.1.1.15   Stoker.

F.1.1.15.1   Chain Grate Stoker.

A stoker that has a moving endless chain as a grate surface, onto which coal is fed
directly from a hopper.

F.1.1.15.2   Dump Grate Stoker.

A stoker equipped with movable ash trays, or grates, by means of which the ash is
discharged at any desirable interval.

F.1.1.15.3   Forced Draft Stoker.

A stoker in which the flow of air through the grate is caused by a pressure produced by
mechanical means.

kshea
Text Box
SR 71 new Annex F
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F.1.1.15.4   Front Discharge Stoker.

A stoker so arranged that refuse is discharged from the grate surface at the same end
as the coal feed.

F.1.1.15.5   Mechanical Stoker.

A device consisting of a mechanically operated fuel feeding mechanism and a grate,
used for the purpose of feeding solid fuel into a furnace, distributing it over a grate,
admitting air to the fuel for the purpose of combustion, and providing a means for
removal or discharge of refuse.

F.1.1.15.6   Multiple Retort Stoker.

An underfeed stoker consisting of two or more retorts parallel and adjacent to each
other, but separated by a line of tuyeres, and arranged so that the refuse is discharged
at the ends of the retorts.

F.1.1.15.7   Overfeed Stoker.

A stoker in which fuel is fed onto grates above the point of air admission to the fuel
bed. Overfeed stoker grates include the following:

(1) Front feed, inclined grate.  A grate inclined downward toward the rear on which
fuel is fed from the front of the stoker

(2) Chain or traveling grate.  A moving endless grate that conveys fuel into and
through the furnace where it is burned, after which it discharges the refuse

(3) Vibrating grate.  An inclined vibrating grate that conveys fuel into and through
the furnace where it is burned, after which it discharges the refuse

F.1.1.15.8   Rear Discharge Stoker.

A stoker so arranged that ash is discharged from the grate surface at the end opposite
the solid fuel.

F.1.1.15.9   Reciprocating Grate Stoker.

A grate element that has reciprocating motion, usually for the purpose of fuel agitation
or ash removal.

F.1.1.15.10   Side Dump Stoker.

A stoker so arranged that refuse is discharged from a dump plate at the side of the
stoker.

F.1.1.15.11   Single Retort Stoker.

An underfeed stoker using one retort only in the assembly of a complete stoker.

F.1.1.15.12   Traveling Grate Stoker.

A stoker similar to a chain grate stoker, except that the grate is separate from but is
supported on and driven by chains.

F.1.1.15.12.1   Continuous Ash Discharge Underfeed Stoker.

A stoker in which the refuse is discharged continuously from the normally stationary
stoker ash tray to the ash pit, without the use of mechanical means other than the
normal action of the coal feeding and agitating mechanism.

F.1.1.15.12.2   Rear Discharge Underfeed Stoker.

A stoker having a grate composed of transversely spaced underfeed retorts that feed
and distribute solid fuel to intermediate rows of tuyeres through which air is admitted
for combustion. The ash is discharged from the stoker across the rear end.

F.1.1.15.12.3   Side Ash Discharge Underfeed Stoker.

A stoker having one or more retorts that feed and distribute fuel onto side tuyeres or a
grate through which air is admitted for combustion and over which the ash is
discharged at the side parallel to the retorts.
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F.1.1.15.12.4   Water Cooled Stoker.

A stoker having tubes in or near the grate surface through which water is passed for
cooling the grates.

F.1.1.15.13   Underfeed Stoker.

A stoker in which fuel is introduced through retorts at a level below the location of air
admission to the fuel bed. Underfeed stokers are divided into three general classes.

F.1.2   Single or Multiple Retort Underfeed Stoker.

Figure F.1.2(a)  shows a cross-sectional view of a single retort underfeed stoker.
Figure F.1.2(b)  shows components of a multiple retort underfeed stoker.

Figure F.1.2(a) Cross-Sectional View of Single Retort Underfeed Stoker in
Operation. (Reprinted with permission of Detroit Stoker Company.)

Figure F.1.2(b) Multiple Retort Underfeed Stoker Showing Components.
(Reprinted with permission of Detroit Stoker Company.)

F.1.2.1   Fuel Subsystem.

The fuel combusted with an underfeed stoker is typically coal or wood. The fuel
system can be as simple as manual loading of a live hopper or automatic loading from
a fuel storage facility. Either way, fuel must be delivered at proper sizing and quantity
to the live hopper to maintain an adequate fuel supply in the hopper. The live hopper
has an open bottom that delivers fuel by gravity to the feed screw. Fuel is conveyed to
the grate area by means of the feed screw at a variable speed, based on boiler
demand. Some underfeed stokers use a reciprocating ram instead of a feed screw.
Fuel is forced upward and outward through the retort onto the tuyeres, at which point it
is combusted.

F.1.2.2   Air Subsystem.

Air is supplied under the grate (undergrate air plenum) by means of a forced draft fan
(undergrate air fan). Overfire air is optional and is supplied in any or all of the furnace
walls. Underfeed stokers must be balanced draft units.
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F.1.2.2.1   

At least 10 percent of the total air required for combustion at maximum continuous
rating should be provided as overfire air when used.

F.1.2.3   Ash Subsystem.

A dump grate is used to deposit ash into an ash pit. Ash is typically manually
removed from the ash pit through ash doors on the front of the unit.

F.1.3   Overfeed Mass Burning Stoker.

Overfeed mass burning stokers include not only chain and traveling grate stokers for
coal firing but also the municipal solid waste (MSW) stoker for mass burning of
unprepared municipal waste.

F.1.3.1   

Overfire air should be provided in a quantity not less than 15 percent of the total air
required for combustion (theoretical plus excess) at maximum continuous rating. This
overfire air should be arranged to effectively cover the active burning area of the grate.

F.1.3.2   

The recommended grate heat release should not exceed 1.420 MW t /m 2  (450,000

Btu/hr/ft 2 ) of effective air admitting grate area. Maximum grate heat release rates per
linear dimension of stoker width should be 8.66 MW t  per linear meter (9.0 million

Btu/hr per linear foot) of stoker width without arches and 10.4 MW t  per linear meter

(10.8 million Btu/hr per linear foot) with arches.

F.1.3.3   

This stoker is sensitive to changes in fuel sizing and distribution.

F.1.3.4   

Means should be provided for the delivery of fuel to the stoker hopper without size
segregation.

F.1.3.5   

Ash softening temperature should be 1204°C (2200°F) or higher.

F.1.3.6   

The ash-fired total moisture in the coal should be a maximum of 20 percent by
weight.

F.1.3.7   

Means should be provided for tempering coals having free-swelling indices above 5 by
adding moisture to a maximum of 15 percent by weight.

F.1.3.8   

The volatile matter on a dry basis should be not less than 22 percent without special
arch construction.

F.1.3.9   

Coal should have a minimum ash content of 4 percent and a maximum of 20 percent
(dry basis), to protect the grates from overheating and to maintain ignition.

F.1.3.10   Chain and Traveling Grate Stoker.

Figure F.1.3.10  shows a side view of a chain grate overfeed stoker.
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Figure F.1.3.10  shows a side view of a chain grate overfeed stoker.

Figure F.1.3.10 Side View of Chain Grate Overfeed Stoker. (Reprinted with
permission of Detroit Stoker Company.)

F.1.3.10.1   

Chain and traveling grate stokers are normally used for coal firing and are similar
except for grate construction. The grate in these stokers resembles a wide belt
conveyor, moving slowly from the feed end of the furnace to the ash discharge end.
Coal feeds from a hopper under control of a manually controlled gate, which
establishes fuel bed thickness. Furnace heat ignites the coal and vaporization begins.
As the fuel bed moves along slowly, the coke formed is burned and the bed gets
progressively thinner as the ash is automatically discharged at the rear of the stoker.
To control the combustion air requirements and fuel bed resistances along the grate
length, the stoker is zoned or sectionalized with a manually operated damper in each
section. Air for combustion can enter from the bottom through both grates or from the
side between the top and bottom grates. An automatic combustion control system is
furnished with this firing system. However, the coal feed gate and the distribution of
undergrate air and overfire air can be adjusted manually to meet the varying
characteristics of the fuel.

F.1.3.10.2   

These stokers are used mainly for medium-sized industrial boilers with heat inputs
from 11.72 MW t  (40 million Btu/hr) to 49.8 MW t  (170 million Btu/hr). Coal sizing

should be 25.4 mm (1 in.) with approximately 20 percent to 50 percent passing
through a 6.35 mm ( 1 ⁄4  in.) round mesh screen. This stoker will handle such fuels as
bituminous coals, anthracite coals, coke breeze, sub-bituminous coals, and lignite.
This stoker produces low particulate emission.

F.1.3.10.3   

The coal requirements of this stoker, especially sizing and chemical composition, are
important for successful operation. The free-swelling index should not exceed 5 on a
scale of 1 to 10 without coal tempering, or 7 with coal tempering.

F.1.3.11   Vibrating Grate Stoker.

Figure F.1.3.11  shows a side view of a water-cooled vibrating grate stoker.

Figure F.1.3.11 Side View of a Water-Cooled Vibrating Grate Stoker.
(Reprinted with permission of Detroit Stoker Company.)
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F.1.3.11.1   

The vibrating grate stoker is water cooled, with an inclined, intermittently vibrating grate
surface to slowly move the fuel bed down the inclined grate from the feed end of the
furnace to the ash discharge end. Coal is fed from a hopper onto the inclined grate
surface to form the fuel bed. The fuel bed thickness is established by a coal gate at
the fuel hopper outlet and an adjustable ash dam at the ash discharge end.

F.1.3.11.2   

Furnace heat ignites the coal and distillation begins. As the fuel bed moves along
slowly, the coke formed is burned and the bed gets progressively thinner as the ash is
automatically discharged at the rear of the stoker. To control the combustion air
requirements in relation to varying fuel bed resistances along the grate length,
combustion air enters from the bottom of the grates through zoned or sectionalized
plenum chambers. Each zoned section is furnished with a manually operated control
damper. An automatic combustion control system is furnished with this firing system.
The vibration generator that conveys the fuel bed is controlled automatically by cycle
timers connected to the combustion control system. However, the coal feed gate and
the distribution of undergrate air and overfire air can be adjusted manually to meet the
varying characteristics of the fuel.

F.1.3.11.3   

These stokers are used mainly for medium-sized industrial boilers with heat inputs
from 20.5 MW t  (70 million Btu/hr) to 41.0 MW t  (140 million Btu/hr). They are

designed to burn low-ranking coals. Coal sizing should be 25.4 mm (1 in.), with
approximately 20 percent to 50 percent passing through a 6.35 mm ( 1 ⁄4  in.) round
mesh screen.

F.1.3.11.4   

Response to load changes is slow — faster than the underfeed but much slower than
the spreader stoker.

F.1.3.12   MSW Stoker.

Figure F.1.3.12  shows a side view of a traveling grate overfeed stoker.

Figure F.1.3.12 Side View of a Traveling Grate Overfeed Stoker. (Reprinted
with permission of Detroit Stoker Company.)
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F.1.3.12.1   

The grate of an inclined stoker resembles a staircase and is used to move refuse from
the feed end of the furnace to the ash discharge end. Refuse is fed from a charging
hopper under control of a mechanical system, which establishes fuel bed thickness. A
mechanical system then agitates and conveys the refuse down this incline by
continuous agitation. This agitation is required to expose all the refuse to the air to
increase the burning rate and complete combustion. The individual plenums under the
grates provide a means of distributing air to a particular location. This undergrate air
system, coupled with the overfire air, completes the air requirements for combustion.

F.1.3.12.2   

The constantly changing firing conditions associated with the variation in the density
and composition of the refuse require constant operator attention and manual
adjustments.

F.1.3.12.3   

Because feed rate is directly proportional to the stoker grate speed, the feed rate must
be correlated closely with the stoker burning rate and, in turn, with combustion air
supply and distribution. Because an automatic grate speed control to match actual
burning rates is not always practical, the operator's duties consist of frequent visual
monitoring of the combustion process and readjustments in combustion air distribution
and grate speed with manually controlled systems.

F.1.3.12.4   

This stoker is currently used for medium-size boilers with heat inputs from 8.8 MW t
(30 million Btu/hr) to 99.6 MW t  (340 million Btu/hr).

F.1.3.12.5   

Due to the nonuniform sizing of the refuse, the response to load change is slow. Due
to the nonhomogeneous nature of raw refuse, high excess air requirements can result
in lower thermal efficiency of the generating system.

F.1.3.12.6   

This type of stoker is designed to burn unprepared raw municipal waste refuse, with
most of the combustion occurring on or near the grate surface. Generally, the stoker is
sized for the highest anticipated refuse heat value. The heat values for refuse can vary
from 6.978 MJ/kg (3.0 kBtu/lb) to 13.956 MJ/kg (6.0 kBtu/lb).

F.1.4   Spreader Stoker.

Figure F.1.4  shows a side view of a spreader stoker with traveling grate.

Figure F.1.4 Side View of a Spreader Stoker with Traveling Grate.
(Reprinted with permission of Detroit Stoker Company.)
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F.1.4.1   General.

F.1.4.1.1   

The spreader stoker distributes fuel into the furnace from a location above the fuel bed,
with a portion of the fuel burned in suspension and a portion on the grates.
Theoretically, equal energy is released from each square foot of active grate area. To
accomplish this equal energy release, it is necessary to have even fuel distribution
over the grate surface and even airflow through the grates from the air plenum
beneath.

F.1.4.1.2   

There are five spreader stoker grate types in general use today:

(1) A traveling grate with a continuous forward moving grate in which the return
portion is on the underside, within the air plenum chamber. Ashes are conveyed
to the front end.

(2) A reciprocating grate, which is a stepped grate having a slow reciprocating
action to convey the ashes to the front end.

(3) A vibrating grate, either air-cooled or water-cooled, having an intermittent
vibrating action to convey the ashes to the front end.

(4) A dumping grate, which manually intermittently discharges all the ashes on the
grate vertically downward to the ash pit and which is seldom supplied today.

(5) A stationary grate, which is typically used for low-ash fuels.

F.1.4.1.3   

The spreader stoker contains fuel feeders located in the front wall in sufficient quantity
to ensure even lateral distribution of the fuel across the width of the grate. The design
of the fuel feeder also incorporates methods to achieve even longitudinal distribution of
fuel. These feeders take on many different designs and shapes, depending on the fuel
and the manufacturer.

F.1.4.1.4   

A spreader stoker system can include a cinder return system. Its function is to return
a portion of cinders leaving the furnace and collected in various cinder hoppers to the
furnace for reburning.

F.1.4.1.5   

A spreader stoker includes an overfire air turbulence system. Its function is to provide
mixing of the fuel and oxygen. Overfire air nozzles are located in the area of the
furnace of highest temperature for highest efficiency and burnout of volatiles and
carbon particles.

F.1.4.1.6   

Spreader stokers are utilized on boilers having heat inputs from 8.8 MW t  (30 million

Btu/hr) to 240.3 MW t  (820 million Btu/hr), depending on the fuel and type of spreader

stoker grate. Spreader stokers have a very thin, active fuel bed and thus can respond
to load changes quite rapidly.
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F.1.4.2   

Spreader stokers are not normally applied to coals having a volatile matter on a dry
and ash-free basis of less than 20 percent. Moisture content affects the burning of sub-
bituminous and lignitic coals on a spreader stoker. Preheated air is recommended for
moisture contents greater than 25 percent. Ash content in excess of that required for
grate protection has little effect on the selection of fuels for spreader stokers, because
it affects only grate speed. Ash softening temperature is a consideration only on
reciprocating, vibrating, or dump grate spreader stokers.

F.1.4.3   

All wood, municipal waste, and other wastes listed in Annex F can be burned on
spreader stokers. Wood with moisture content up to 55 percent can be burned without
auxiliary fuel as long as preheated air temperature is sufficiently high. Municipal waste
can be burned on an overfeed spreader stoker only as refuse-derived fuel (RDF). Of
greatest importance in looking at refuse fuels is size consist.

F.2   Coals.

F.2.1   General.

Depending on the method of stoker firing, all ASTM classifications of coals can be
burned. These include Class I, Anthracite; Class II, Bituminous; Class III, Sub-
Bituminous; and Class IV, Lignite. In choosing an appropriate stoker type, there are
several properties of coal that should be considered. These are, in part, the
relationship between fixed carbon and volatile matter, the moisture content, the
percent ash, the ash fusion temperature, and the free-swelling index.

F.2.2   Classification.

F.2.2.1   

Class I, Anthracite Coal, is divided into the following three groups:

(1) Group 1, Meta-Anthracite, in which the fixed carbon on a dry and mineral-matter-
free basis is equal to or greater than 98 percent

(2) Group 2, Anthracite, which has a range of fixed carbon limits on a dry and
mineral-matter-free basis of greater than 92 percent and less than 98.2 percent

(3) Group 3, Semi-Anthracite, which has a fixed carbon limit on a dry and mineral-
matter-free basis equal to or greater than 86 percent and less than 92.8 percent

F.2.2.2   
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Class II, Bituminous Coal, is subdivided into the following five groups:

(1) Group 1, Low Volatile Bituminous Coal, has fixed carbon limits greater than 78
percent but less than 86 percent.

(2) Group 2, Medium Volatile Bituminous Coal, has fixed carbon limits greater than
69 percent but less than 78 percent.

(3) Group 3, High Volatile “A” Bituminous Coal, has a fixed carbon quantity of less
than 69 percent and greater than 32.564 MJ/kg (14.0 kBtu/lb) calorific value on a
moist mineral-matter-free basis.

(4) Group 4, High Volatile “B” Bituminous Coal, has a calorific value equal to or
greater than 30.238 MJ/kg (13.0 kBtu/lb) and less than 32.564 MJ/kg (14.0
kBtu/lb).

(5) Group 5, High Volatile “C” Bituminous Coal, has a calorific value equal to or
greater than 26.749 MJ/kg (11.5 kBtu/lb) and less than 30.238 MJ/kg (13.0
kBtu/lb) when it is commonly agglomerating and a calorific value limit equal to or
greater than 24.423 MJ/kg (10.5 kBtu/lb) but less than 26.749 MJ/kg (11.5
kBtu/lb) when it is always agglomerating.

F.2.2.2.1   

All the bituminous coals in groups (1) through (4) are considered commonly
agglomerating.

F.2.2.3   

Class III, Sub-Bituminous Coal, is divided into the following three groups:

(1) Group 1, Sub-Bituminous “A” Coal, has a calorific value equal to or greater than
24.423 MJ/kg (10.5 kBtu/lb) but less than 26.749 MJ/kg (11.5 kBtu/lb).

(2) Group 2, Sub-Bituminous “B” Coal, has a calorific value limit equal to or greater
than 22.097 MJ/kg (9.5 kBtu/lb) but less than 24.423 MJ/kg (10.5 kBtu/lb).

(3) Group 3, Sub-Bituminous “C” Coal, has a calorific value equal to or greater than
19.3 MJ/kg (8.3 kBtu/lb) but less than 22.097 MJ/kg (9.5 kBtu/lb).

F.2.2.3.1   

All three groups of the sub-bituminous coals are considered nonagglomerating.

F.2.2.4   

Class IV, Lignite Coal, is divided into two groups:

(1) Group 1, Lignite A Coal, has a calorific value limit equal to or greater than 14.654
MJ/kg (6.3 kBtu/lb) and less than 19.3 MJ/kg (8.3 kBtu/lb).

(2) Group 2, Lignite B Coal, has a calorific value less than 14.654 MJ/kg (6.3
kBtu/lb).

F.2.2.4.1   

Both groups of lignite coals are considered nonagglomerating.



3/27/2014 TerraView™

http://submittals.nfpa.org/TerraViewWeb/ViewerPage.jsp 117/130

F.2.3   Sizing.

Sizing characteristics vary with stoker type as outlined in ABMA 203, A Guide to
Clean and Efficient Operation of Coal-Stoker-Fired Boilers . Different coals have
varying tendencies to break down during mining processes and in handling. Western
sub-bituminous coals are considered friable and are generally delivered to the boiler
with high percentages of particles less than 6.35 mm ( 1 ⁄4  in.) in size. With the correct
equipment, these coals can be burned satisfactorily.

For the best overall operation, each plant should carefully analyze the fuel
characteristics and associated handling and combustion problems. Anthracite is
usually burned in finer sizes, generally less than 7.94 mm ( 5 ⁄16  in.), to expose more
surface of the very high fixed carbon fuel to the oxygen in the air.

Sizing in the hopper should be within the two limits as set forth in ABMA 203. Means
should be provided for the delivery of coal to the stoker hopper without size
segregation.

F.3   Peat.

Peat is a high moisture fuel characterized by high volatile matter, typically 50 percent
to 70 percent on a dry, ash-free basis. The harvesting of peat bogs includes air drying
to a moisture less than 50 percent, which allows it to be burned on stokers with
preheated air.

F.4   Wood.

Wood is a fuel derived either from the forest products industries, such as lumbering or
pulp and paper mills, or from the direct harvesting of trees to be used as fuel. Wood is
characterized by a high percentage of volatile matter, from 75 percent to an excess of
80 percent on a dry and ash-free basis. Wood releases its energy at a more rapid rate
than coal.

Two characteristics of wood fuel vary greatly, depending on the source of the fuel. One
is the size consist and the other is moisture content. Size consist can vary from
sander dust to coarse chips or bark, the size of which depends on sizing preparation
equipment and, in the case of bark, its tendency to remain in a long, stringy, fibrous
form. Wood moisture can vary from less than 10 percent to an excess of 60 percent.
Wood chips, hogged fuel, or green lumber mill waste normally have moisture contents
varying from 40 percent to 55 percent.

The source of wood fired on stokers can vary considerably. It is necessary for efficient
and safe operation that the fuel be completely mixed without wide variations in sizing
or moisture content. These variations can cause rapid and severe furnace pulsations,
resulting in a dangerous condition as well as inefficient operation. Normally, wood
having a moisture content up to 55 percent can be burned stably without auxiliary fuel
as long as proper attention has been given to furnace design, preheated air
temperature, stoker heat releases, and proper fuel handling and metering. The vast
majority of wood is burned on overfeed spreader stokers.
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F.5   Municipal Waste.

Municipal waste is burned with stokers in two forms. The first is known as municipal
solid waste (MSW), which is delivered without preparation. It is normally burned as a
deep fuel bed on an overfeed mass burning–type stoker specially constructed for this
service. The other form of municipal waste is known as refuse-derived fuel (RDF), in
which the MSW is shredded and classified for size and to remove tramp material such
as metals and glass. It is normally burned on an overfeed spreader stoker.

Municipal waste has a high volatile matter–to–fixed carbon ratio. Normally, it readily
releases its energy. The effects of large sizing in the case of MSW and RDF can lead
to improper burning. With the potential for high moisture content, the use of preheated
air is generally advocated.

In the case of an MSW-fired unit, furnace explosions can result from aerosol cans,
propane bottles, and so forth, contained in the fuel supply. Pulsations from
concentrations of extremely volatile wastes could also result.

F.6   Other Waste.

Other waste can include a multiplicity of discarded solids that could be considered
stoker fuel. Wood waste that has been impregnated with resins or additives for
adhesions or other purposes falls into the category of other wastes. These additives,
along with a consideration for size consist, could greatly reduce the flash point of the
wood waste and increase concern for attention to stable furnace conditions. Other
common waste might include bagasse from sugar cane processing, furfural residue
from the production of phenolic resins, coffee grounds from the production of instant
coffee, and peanut shells. All of these wastes, with proper attention to sizing,
moisture, and continuous metering, can be successfully burned on overfeed spreader
stokers. The vast majority of waste fuels are further characterized by a high volatile
matter–to–fixed carbon ratio.

F.7   Solid Fuel Firing — Special Characteristics.

F.7.1   Solid Fuels.

F.7.1.1   

Solid fuels can be burned in three ways: in suspension, in partial suspension with final
burnout on a grate, or in mass on a grate. Different types of grates can be used,
depending on what kind of system is applicable. Several types of feeders are available.
Feeders are specified according to fuel type and method of burning, for example,
suspension, in mass, and so forth.

F.7.1.2   

Some solid fuels have a high moisture content. For instance, bark has a moisture
content of 35 percent to 50 percent; bagasse, 40 percent to 60 percent; and coffee
grounds, 60 percent. As a result, these fuels can be dried before burning, with some of
the final drying taking place as the fuel enters the furnace and falls to the grate.
Manufacturer's recommendations should be followed.

F.7.1.3   

The size consist of solid fuels should be in accordance with the stoker manufacturer's
recommendations.

F.7.2   Finely Divided Solid Fuels.

F.7.2.1   

Characteristics of finely divided solid fuel approach those of pulverized fuel. Care
should be taken in their handling to prevent accumulations that could ignite
spontaneously.
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F.7.2.2   

These fuels should be handled separately from other solid fuels; therefore, special care
should be taken to follow safe design and operating procedures. Recommendations of
the equipment manufacturer should be followed.

F.7.3   Specific Fuels.

F.7.3.1   Bagasse.

F.7.3.1.1   

Bagasse is the portion of sugar cane remaining after sugar is extracted. It consists of
cellulose fibers and fine particles.

F.7.3.1.2   

Variations in refining and handling can lead to variations in fuel particle size, which can
create firing problems. These variations can cause rapid and severe furnace pulsations,
resulting in a dangerous condition as well as inefficient operation.

F.7.3.2   Refuse-Derived Fuel (RDF).

F.7.3.2.1   

Refuse-derived fuel (RDF) has many of the same characteristics as wood and bagasse
and receives its heating value from the cellulose contained in it. If given proper
preparation, RDF can have a heating value as high as lignite. RDF has a high ash but
low sulfur content. The heating value of RDF has increased in recent years because of
the large amounts of cardboard, plastics, and other synthetic materials used. Typical
components of RDF are paper and paper products, plastics, wood, rubber, solvents,
oils, paints, and other organic materials.

F.7.3.2.2   

Other conventional fuels can be burned in the same furnace along with RDF. Older
installations can also be converted to burn RDF.

F.7.3.2.3   

A number of complex factors should be considered before attempting conversion to
RDF firing. Additional information can be obtained from the boiler manufacturer.

F.8   Special Considerations.

For special problems in handling refuse fuels, see NFPA 850 .

H.2   Terminology.

The following terms are commonly associated with stoker-fired boilers.

H.2.1   Bottom Air Admission.

A method of introducing air to a chain or traveling grate stoker under the stoker.

H.2.2   Cinder Return.

In a stoker-fired boiler, an apparatus for the return of collected cinders to the furnace,
either directly or with the fuel.

H.2.3   Coking Plate.

A plate adjacent to a grate through which no air passes and on which coal is placed
for distilling the coal volatiles before the coal is moved onto the grate.

H.2.4   Drag Seal.

In a chain grate stoker, the hinged plate resting against the returning chain and used
to seal the air compartments.

H.2.5    Dump Plate.

In a stoker-fired furnace, an ash-supporting plate from which ashes can be discharged
from one side of the plate by rotation of the plate.
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H.2.6   Fly Carbon Reinjection.

In a stoker-fired boiler, the process of removing the coarse carbon-bearing particles
from the particulate matter carried over from the furnace and returning the
carbonaceous material to the furnace to be combusted.

H.2.7    Friability.

The tendency of coal to crumble or break into small pieces.

H.2.8   Hogged Fuel.

Wood refuse that has been chipped or shredded by a machine known as a hog.

H.2.9    Gate (for Raw Fuel) (Silo Gate; Bunker Gate).

A shutoff gate between the raw-fuel bunker and the raw-fuel feeder.

H.2.9.1   Stoker Gate.

An element of a stoker placed at the point of entrance of fuel into the furnace and by
means of which the depth of fuel on the stoker grate is controlled. It is generally used
in connection with chain or traveling grate stokers and has the form of a guillotine.

H.2.10   Grate.

H.2.10.1   Bars or Keys Grate.

Those parts of the fuel-supporting surface arranged to admit air for combustion.

H.2.10.2   Hand-Fired Grate.

A grate on which fuel is placed manually, usually by means of a shovel.

H.2.11    Grindability.

The characteristic of solid fuel that indicates its relative ease of pulverization, as
defined by ASTM D 409, Standard Test Method for Grindability of Coal by the
Hardgrove-Machine Method.

H.2.12   Ledge Plate.

A form of plate that is adjacent to and overlaps the edge of a stoker.

H.2.13   Retort.

A trough or channel in an underfeed stoker, extending within the furnace, through
which fuel is forced upward into the fuel bed.

H.2.14   Side Air Admission.

Admission of air to the underside of a grate from the sides of a chain or traveling grate
stoker.

H.2.15   Stoker.

H.2.15.1   Chain Grate Stoker.

A stoker that has a moving endless chain as a grate surface, onto which coal is fed
directly from a hopper.

H.2.15.2   Dump Grate Stoker.

A stoker equipped with movable ash trays, or grates, by means of which the ash is
discharged at any desirable interval.

H.2.15.3   Forced Draft Stoker.

A stoker in which the flow of air through the grate is caused by a pressure produced
by mechanical means.

H.2.15.4   Front Discharge Stoker.

A stoker so arranged that refuse is discharged from the grate surface at the same end
as the coal feed.

H.2.15.5   Mechanical Stoker.

A device consisting of a mechanically operated fuel feeding mechanism and a grate,
used for the purpose of feeding solid fuel into a furnace, distributing it over a grate,
admitting air to the fuel for the purpose of combustion, and providing a means for
removal or discharge of refuse.
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H.2.15.6   Multiple Retort Stoker.

An underfeed stoker consisting of two or more retorts, parallel and adjacent to each
other, but separated by a line of tuyeres, and arranged so that the refuse is
discharged at the ends of the retorts.

H.2.15.7   Overfeed Stoker.

A stoker in which fuel is fed onto grates above the point of air admission to the fuel
bed. Overfeed stoker grates include the following: (1) Front Feed, Inclined Grate  —
fuel is fed from the front onto a grate inclined downward toward the rear of the stoker;
(2) Chain or Traveling Grate  — a moving endless grate that conveys fuel into and
through the furnace where it is burned, after which it discharges the refuse; (3)
Vibrating Grate  — an inclined vibrating grate in which fuel is conveyed into and
through the furnace where it is burned, after which it discharges the refuse.

H.2.15.8   Rear Discharge Stoker.

A stoker so arranged that ash is discharged from the grate surface at the end
opposite the solid fuel.

H.2.15.9   Reciprocating Grate Stoker.

A grate element that has reciprocating motion, usually for the purpose of fuel agitation
or ash removal.

H.2.15.10   Side Dump Stoker.

A stoker so arranged that refuse is discharged from a dump plate at the side of the
stoker.

H.2.15.11   Single Retort Stoker.

An underfeed stoker using one retort only in the assembly of a complete stoker.

H.2.15.12   Traveling Grate Stoker.

A stoker similar to a chain grate stoker with the exception that the grate is separate
from but is supported on and driven by chains.

H.2.15.12.1   Continuous Ash Discharge Underfeed Stoker.

A stoker in which the refuse is discharged continuously from the normally stationary
stoker ash tray to the ash pit, without the use of mechanical means other than the
normal action of the coal feeding and agitating mechanism.

H.2.15.12.2   Rear Discharge Underfeed Stoker.

A stoker having a grate composed of transversely spaced underfeed retorts that feed
and distribute solid fuel to intermediate rows of tuyeres through which air is admitted
for combustion. The ash is discharged from the stoker across the rear end.

H.2.15.12.3   Side Ash Discharge Underfeed Stoker.

A stoker having one or more retorts that feed and distribute fuel onto side tuyeres or a
grate through which air is admitted for combustion and over which the ash is
discharged at the side parallel to the retorts.

H.2.15.12.4   Water Cooled Stoker.

A stoker having tubes in or near the grate surface through which water is passed for
cooling the grates.

H.2.15.13    Underfeed Stoker.

A stoker in which fuel is introduced through retorts at a level below the location of air
admission to the fuel bed. Underfeed stokers are divided into three general classes.

H.3   Single or Multiple Retort Underfeed Stoker.

Figure H.2(a)  shows a cross-sectional view of a single retort underfeed stoker.
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Figure H.2(a)  shows a cross-sectional view of a single retort underfeed stoker.
Figure H.2(b)  shows components of a multiple retort underfeed stoker.

Figure H.3(a) Cross-Sectional View of Single Retort Underfeed Stoker in
Operation. (Reprinted with permission of Detroit Stoker Company.)

Figure H.3(b) Multiple Retort Underfeed Stoker Showing Components.
(Reprinted with permission of Detroit Stoker Company.)

H.3.1   Fuel Subsystem.

The fuel combusted with an underfeed stoker is typically coal or wood. The fuel
system can be as simple as manual loading of a live hopper or automatic loading from
a fuel storage facility. Either way, fuel must be delivered at proper sizing and quantity
to the live hopper to maintain an adequate fuel supply in the hopper. The live hopper
has an open bottom that delivers fuel by gravity to the feed screw. Fuel is conveyed to
the grate area by means of the feed screw at a variable speed, based on boiler
demand. Some underfeed stokers use a reciprocating ram instead of a feed screw.
Fuel is forced upward and outward through the retort, onto the tuyeres, at which point
it is combusted.

H.3.2   Air Subsystem.

Air is supplied under the grate (undergrate air plenum) by means of a forced draft fan
(undergrate air fan). Overfire air is optional and is supplied in any or all of the furnace
walls. Underfeed stokers must be balanced draft units.

H.3.2.1   

At least 10 percent of the total air required for combustion at maximum continuous
rating should be provided as overfire air when used.

H.3.3   Ash Subsystem.

A dump grate is used to deposit ash into an ash pit. Ash is typically manually
removed from the ash pit through ash doors on the front of the unit.

H.4   Overfeed Mass Burning Stoker.

DELETED

DELETED
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Overfeed mass burning stokers include not only chain and traveling grate stokers for
coal firing but also the municipal solid waste (MSW) stoker for mass burning of
unprepared municipal waste.

H.4.1   

Overfire air should be provided in a quantity not less than 15 percent of the total air
required for combustion (theoretical plus excess) at maximum continuous rating. This
overfire air should be arranged to effectively cover the active burning area of the grate.

H.4.2   

The recommended grate heat release should not exceed 1.420 MW t /m 2  (450,000

Btu/hr/ft 2 ) of effective air admitting grate area. Maximum grate heat release rates per
linear dimension of stoker width should be 8.66 MW t  per linear meter (9.0 million

Btu/hr per linear foot) of stoker width without arches and 10.4 MW t  per linear meter

(10.8 million Btu/hr per linear foot) with arches.

H.4.3   

This stoker is sensitive to changes in fuel sizing and distribution.

H.4.4   

Means should be provided for the delivery of fuel to the stoker hopper without size
segregation.

H.4.5   

Ash softening temperature should be 1204°C (2200°F) or higher.

H.4.6   

The ash-fired total moisture in the coal should be a maximum of 20 percent by
weight.

H.4.7   

Means should be provided for tempering coals having free-swelling indices above 5 by
adding moisture to a maximum of 15 percent by weight.

H.4.8   

The volatile matter on a dry basis should be not less than 22 percent without special
arch construction.

H.4.9   

Coal should have a minimum ash content of 4 percent and a maximum of 20 percent
(dry basis), to protect the grates from overheating and to maintain ignition.

H.4.10   Chain and Traveling Grate Stoker.

Figure H.3.10  shows a side view of a chain grate overfeed stoker.

Figure H.4.10 Side View of Chain Grate Overfeed Stoker. (Reprinted with
permission of Detroit Stoker Company.)

DELETED
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H.4.10.1   

Chain and traveling grate stokers are normally used for coal firing and are similar
except for grate construction. The grate in these stokers resembles a wide belt
conveyor, moving slowly from the feed end of the furnace to the ash discharge end.
Coal feeds from a hopper under control of a manually controlled gate, which
establishes fuel bed thickness. Furnace heat ignites the coal and vaporization begins.
As the fuel bed moves along slowly, the coke formed is burned and the bed gets
progressively thinner as the ash is automatically discharged at the rear of the stoker.
To control the combustion air requirements and fuel bed resistances along the grate
length, the stoker is zoned or sectionalized with a manually operated damper in each
section. Air for combustion can enter from the bottom through both grates or from the
side between the top and bottom grates. An automatic combustion control system is
furnished with this firing system. However, the coal feed gate and the distribution of
undergrate air and overfire air can be adjusted manually to meet the varying
characteristics of the fuel.

H.4.10.2   

These stokers are used mainly for medium-sized industrial boilers with heat inputs
from 11.72 MW t  (40 million Btu/hr) to 49.8 MW t  (170 million Btu/hr). Coal sizing

should be 25.4 mm (1 in.) with approximately 20 percent to 50 percent passing
through a 6.35 mm ( 1 ⁄4  in.) round mesh screen. This stoker will handle such fuels as
bituminous coals, anthracite coals, coke breeze, sub-bituminous coals, and lignite.
This stoker produces low particulate emission.

H.4.10.3   

The coal requirements of this stoker, especially sizing and chemical composition, are
important for successful operation. The free-swelling index should not exceed 5 on a
scale of 1 to 10 without coal tempering, or 7 with coal tempering.

H.4.11   Vibrating Grate Stoker.

Figure H.3.11  shows a side view of a water-cooled vibrating grate stoker.

Figure H.4.11 Side View of a Water-Cooled Vibrating Grate Stoker.
(Reprinted with permission of Detroit Stoker Company.)

H.4.11.1   

The vibrating grate stoker is water cooled, with an inclined, intermittently vibrating
grate surface to slowly move the fuel bed down the inclined grate from the feed end of
the furnace to the ash discharge end. Coal is fed from a hopper onto the inclined grate
surface to form the fuel bed. The fuel bed thickness is established by a coal gate at
the fuel hopper outlet and an adjustable ash dam at the ash discharge end.

DELETED
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H.4.11.2   

Furnace heat ignites the coal and distillation begins. As the fuel bed moves along
slowly, the coke formed is burned and the bed gets progressively thinner as the ash
is automatically discharged at the rear of the stoker. To control the combustion air
requirements in relation to varying fuel bed resistances along the grate length,
combustion air enters from the bottom of the grates through zoned or sectionalized
plenum chambers. Each zoned section is furnished with a manually operated control
damper. An automatic combustion control system is furnished with this firing system.
The vibration generator that conveys the fuel bed is controlled automatically by cycle
timers connected to the combustion control system. However, the coal feed gate and
the distribution of undergrate air and overfire air can be adjusted manually to meet the
varying characteristics of the fuel.

H.4.11.3   

These stokers are used mainly for medium-sized industrial boilers with heat inputs
from 20.5 MW t  (70 million Btu/hr) to 41.0 MW t  (140 million Btu/hr). They are

designed to burn low-ranking coals. Coal sizing should be 25.4 mm (1 in.) with
approximately 20 percent to 50 percent passing through a 6.35 mm ( 1 ⁄4  in.) round
mesh screen.

H.4.11.4   

Response to load changes is slow — faster than the underfeed but much slower than
the spreader stoker.

H.4.12   MSW Stoker.

Figure H.3.12  shows a side view of a traveling grate overfeed stoker.

Figure H.4.12 Side View of a Traveling Grate Overfeed Stoker. (Reprinted
with permission of Detroit Stoker Company.)

H.4.12.1   

The grate of an inclined stoker resembles a staircase and is used to move refuse from
the feed end of the furnace to the ash discharge end. Refuse is fed from a charging
hopper under control of a mechanical system, which establishes fuel bed thickness.
A mechanical system then agitates and conveys the refuse down this incline by
continuous agitation. This agitation is required to expose all the refuse to the air to
increase the burning rate and complete combustion. The individual plenums under the
grates provide a means of distributing air to a particular location. This undergrate air
system, coupled with the overfire air, completes the air requirements for combustion.

H.4.12.2   

The constantly changing firing conditions associated with the variation in the density
and composition of the refuse require constant operator attention and manual
adjustments.

DELETED
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H.4.12.3   

Because feed rate is directly proportional to the stoker grate speed, the feed rate
must be correlated closely with the stoker burning rate and, in turn, with combustion
air supply and distribution. Because an automatic grate speed control to match actual
burning rates is not always practical, the operator's duties consist of frequent visual
monitoring of the combustion process and readjustments in combustion air
distribution and grate speed with manually controlled systems.

H.4.12.4   

This stoker is currently used for medium-size boilers with heat inputs from 8.8 MW t
(30 million Btu/hr) to 99.6 MW t  (340 million Btu/hr).

H.4.12.5   

Due to the nonuniform sizing of the refuse, the response to load change is slow. Due
to the nonhomogeneous nature of raw refuse, high excess air requirements can result
in lower thermal efficiency of the generating system.

H.4.12.6   

This type of stoker is designed to burn unprepared raw municipal waste refuse, with
most of the combustion occurring on or near the grate surface. Generally, the stoker
is sized for the highest anticipated refuse heat value. The heat values for refuse can
vary from 6.978 MJ/kg (3.0 kBtu/lb) to 13.956 MJ/kg (6.0 kBtu/lb).

H.2   Spreader Stoker.

Figure H.4  shows a side view of a spreader stoker with traveling grate.

Figure H.2 Side View of a Spreader Stoker with Traveling Grate. (Reprinted
with permission of Detroit Stoker Company.)

H.2.1   General.

H.2.1.1   

The spreader stoker distributes fuel into the furnace from a location above the fuel
bed, with a portion of the fuel burned in suspension and a portion on the grates.
Theoretically, equal energy is released from each square foot of active grate area. To
accomplish this equal energy release, it is necessary to have even fuel distribution
over the grate surface and even airflow through the grates from the air plenum
beneath.

DELETED
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H.2.1.2   

There are five spreader stoker grate types in general use today.

A traveling grate with a continuous forward moving grate in which the return
portion is on the underside, within the air plenum chamber. Ashes are
conveyed to the front end

A reciprocating grate, which is a stepped grate having a slow reciprocating
action to convey the ashes to the front end

A vibrating grate, either air-cooled or water-cooled, having an intermittent
vibrating action to convey the ashes to the front end

A dumping grate, which manually intermittently discharges all the ashes on the
grate vertically downward to the ash pit and which is seldom supplied today

A stationary grate, which is typically used for low-ash fuels

H.2.1.3   

The spreader stoker contains fuel feeders located in the front wall in sufficient quantity
to ensure even lateral distribution of the fuel across the width of the grate. The design
of the fuel feeder also incorporates methods to achieve even longitudinal distribution of
fuel. These feeders take on many different designs and shapes, depending on the fuel
and the manufacturer.

H.2.1.4   

A spreader stoker system can include a cinder return system. Its function is to return
a portion of cinders leaving the furnace and collected in various cinder hoppers to the
furnace for reburning.

H.2.1.5   

A spreader stoker includes an overfire air turbulence system. Its function is to provide
mixing of the fuel and oxygen. Overfire air nozzles are located in the area of the
furnace of highest temperature for highest efficiency and burnout of volatiles and
carbon particles.

H.2.1.6   

Spreader stokers are utilized on boilers having heat inputs from 8.8 MW t  (30 million

Btu/hr) to 240.3 MW t  (820 million Btu/hr), depending on the fuel and type of

spreader stoker grate. Spreader stokers have a very thin, active fuel bed and thus can
respond to load changes quite rapidly.

H.2.2   

Spreader stokers are not normally applied to coals having a volatile matter on a dry
and ash-free basis of less than 20 percent. Moisture content affects the burning of
sub-bituminous and lignitic coals on a spreader stoker. Preheated air is
recommended for moisture contents greater than 25 percent. Ash content in excess
of that required for grate protection has little effect on the selection of fuels for
spreader stokers, because it affects only grate speed. Ash softening temperature is a
consideration only on reciprocating, vibrating, or dump grate spreader stokers.

H.2.3   

All wood, municipal waste, and other wastes listed in Annex G  can be burned on
spreader stokers. Wood with moisture content up to 55 percent can be burned
without auxiliary fuel as long as preheated air temperature is sufficiently high.
Municipal waste can be burned on an overfeed spreader stoker only as RDF. Of
greatest importance in looking at refuse fuels is size consist.
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I.5  Coal Firing — General Considerations.

The term coal refers to solid fuels with widely differing characteristics. A coal-burning fuel
system is designed for a specific range of coal characteristics. Coals that differ widely
from the range of characteristics for which the system is designed can cause serious
operating difficulties and become a potential safety hazard. The coal as mined,
transported, and delivered to the plant can vary in size and impurities to a degree that
exceeds the capability of the plant equipment. Where coals are received from more than
one source, care should be exercised to make certain that all coals received are within
the specific range of the coal-handling and coal-burning equipment.

To ensure that the type of coal and its preparation are suitable for the equipment, a
definition is needed that is acceptable to the equipment designer, the purchasing agency
responsible for procuring the fuel, and the operating department that burns the fuel.
Volatility, moisture and ash content, size of raw coal, grindability, and other
characteristics are to be given close attention. The following factors influence the ultimate
suitability of a particular coal:

(1) Coal is an abrasive and corrosive substance. The level of necessary equipment
maintenance, therefore, could be several orders of magnitude greater than is needed
for liquid and gaseous fuels.

(2) Coal changes when it is exposed to the atmosphere. It is common practice to ship
and stockpile coal without protection from the weather. The properties of stored coal
can change, possibly necessitating special consideration. Coal with high surface
moisture can freeze in shipment or in storage, possibly necessitating special
handling equipment. Changes in moisture in the coal can affect the safety and
performance of the pulverizers and burners.

(3) Changes in grindability of the coal affect the capacity of the pulverizers and could
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affect the performance of the burners. Refer to ASTM D 409, Standard Test Method
for Grindability of Coal by the Hardgrove-Machine Method .

(4) Because coal has a high ash content, special attention should be given to problems
associated with slag and ash deposits.

(5) Coal is capable of spontaneous combustion and self-heating from normal ambient
temperature. This tendency increases radically when the temperature is increased.
Blended or mixed coals can heat more rapidly than any of the parent coals.

(6) Volatile matter is given off by the coal. This volatile matter is a gaseous fuel that
causes additional hazards.

Unburned or incompletely burned coal can settle out in low velocity areas of the boiler.
Often this hot material lies dormant and covered with a thin layer of fly ash. Personnel
stepping into or disturbing such deposits have experienced severe injuries. Prior to entry,
cleaning of all surfaces where such combustibles can accumulate is recommended.

It takes as little as 1.4 kg (3 lb) of pulverized coal in 28.3 m3 (1000 ft3) of air to form an
explosive mixture. Since a large boiler burns 45.4 kg (100 lb) or more of coal per second,
the safe burning of pulverized coal necessitates strict adherence to planned operating
sequences. (See 6.8.5 for sequences of operation.)

The raw coal delivered to the plant can contain foreign substances such as scrap iron,
wood shoring, rags, excelsior, and rock. Much of this foreign material can interrupt coal
feed, damage or jam equipment, or become a source of ignition within a pulverizer. The
presence of foreign material could constitute a hazard by interrupting coal flow. This
interruption could cause a total or partial flameout and possible reignition accompanied
by a “puff” or an explosion. Wet coal can cause a coal hang-up in the raw coal supply
system. Wide variations in the size of raw coal can result in erratic or uncontrollable coal
feeding.

Other personnel hazards involved with coal-fired systems are similar to those outlined in
Chapter 9.
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Second Revision No. 76-NFPA 85-2014 [ Section No. M.3 ]

K.3  References for Extracts in Informational Sections.

NFPA 69,  Standard on Explosion Prevention Systems, 2008 2014  edition. .
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