
A N  A M E R I C A N  N A T I O N A L  S T A N D A R D

ASME CSD-1–2024
(Revision of ASME CSD-1–2021)

Controls and 
Safety Devices 
for Automatically 
Fired Boilers

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


ASME CSD-1–2024
(Revision of ASME CSD-1–2021)

Controls and
Safety Devices
for Automatically
Fired Boilers

AN AMERICAN NATIONAL STANDARD

Two Park Avenue  •  New York, NY  •  10016 USA
x

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


Date of Issuance: January 17, 2025

The next edition of this Standard is scheduled for publication in 2027.

This code or standardwas developed under procedures accredited asmeeting the criteria for American National Standards and
it is an American National Standard. The standards committee that approved the code or standardwas balanced to ensure that
individuals from competent and concerned interests had an opportunity to participate. The proposed code or standard was
made available for public review and comment, which provided an opportunity for additional public input from industry,
academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME does not
take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable
letters patent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that determination of
the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as government or
industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME
procedures and policies, which precludes the issuance of interpretations by individuals.

The endnotes and preamble in this document (if any) are part of this American National Standard.
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FOREWORD

Themajorperils inoperatingautomatically firedboilers are loss ofwater (lowwater), furnace explosion, overpressure,
and overtemperature. Principal causes of accidents to automatically fired boilers are lack of proper controls and safety
devices, lack of adequate maintenance, improperly trained operators, failure to test controls and safety devices, and
complacency on the part of the operator due to long periods of trouble-free operation. It is believed that improved
instrumentation, controls and safety devices, proper operating procedures, and a clearer understanding of installation
requirementsby themanufacturers, installers, andoperators cangreatly reduce thechancesofpersonal injury, damage to
property, and loss of equipment from accidents.
It should be pointed out that any governmental jurisdiction has authority over any particular installation. Inquiries

dealing with problems of a local character should be directed to the proper authorities of such jurisdictions.
Safety codes and standards are intended to enhance public health and safety. Revisions result from the committee’s

consideration of factors such as technological advances, new data, and changing environmental and industry needs.
Revisions do not imply that previous editions were inadequate.
The Committee on Controls and Safety Devices for Automatically Fired Boilers of The American Society of Mechanical

Engineers (ASME) approved the first edition of this ASME Standard on April 29, 1977.
The second edition, whichwas approved by the AmericanNational Standards Institute (ANSI) onOctober 4, 1982,was

issued on December 31, 1982. An addenda to the edition, CSD-1a–1984, was approved on August 17, 1984 and issued on
November 15, 1984.
The third edition, whichwas approved by ANSI onNovember 17, 1988,was issued on February 15, 1989. The CSD-1a–

1989 Addenda was approved on October 3, 1989, and issued on February 15, 1990. The CSD-1b–1990 Addenda was
approved on June 21, 1990, and issued on December 1, 1990.
The fourth edition, whichwas approved byANSI on February 28, 1992,was issued on June 15, 1992. The CSD-1a–1993

AddendawasapprovedonAugust 18, 1993, and issuedonNovember30, 1993. TheCSD-1b–1994Addendawasapproved
on June 20, 1994, and issued on September 30, 1994.
The fifth edition, which was approved by ANSI on February 6, 1995, was issued on June 30, 1995. The CSD-1a–1996

Addenda was approved on February 5, 1996, and issued on July 31, 1996. The CSD-1b–1996 Addenda was approved on
July 16, 1996, and issued on December 20, 1996.
The sixth edition, which was approved by ANSI on January 30, 1998, was issued on April 14, 1998. The CSD-1a–1999

Addendawas approved on November 2, 1999, and issued onMarch 10, 2000. The CSD-1b–2001 Addendawas approved
on July 30, 2001, and issued on November 30, 2001.
The seventh edition, which was approved by ANSI on January 17, 2002, was issued on April 15, 2002.
The eighth edition, which was approved by ANSI on August 9, 2004, was issued on April 15, 2005.
The ninth edition, which was approved by ANSI on September 13, 2006, was issued on December 29, 2006.
The tenth edition, which was approved by ANSI on February 24, 2009, was issued on May 8, 2009.
The eleventh edition, which was approved by ANSI on January 13, 2012, was issued on May 10, 2012.
The twelfth edition, which was approved by ANSI on December 21, 2015, was issued on March 24, 2016.
The thirteenth edition, which was approved by ANSI on August 23, 2018, was issued on October 12, 2018.
The fourteenth edition, which was approved by ANSI on September 21, 2021, was issued on November 17, 2021.
This fifteenth edition of ASME CSD-1, which was approved by ANSI on December 12, 2024, was issued on January 17,

2025.
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CORRESPONDENCE WITH THE CSDAFB COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/CSDAFBcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to incorporate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-
dard. Approved revisions will be published in the next edition of the Standard.
In addition, the committee may post errata on the committee web page. Errata become effective on the date posted.

Users can register on the committee web page to receive email notifications of posted errata.
This Standard is always open for comment, and the committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number, the proposed wording, and a detailed description of the
reasons for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation

directly into the Standard
(4) to permit the use of a new material or process

(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Standard.
(c) Aproposedcase shall bewrittenasaquestionandreply in the same format as existing cases. Theproposal shall also

include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Standard and the paragraph, figure, or table number
(4) the editions of the Standard to which the proposed case applies

(d) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Approved cases are posted on the committee web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Standard. An
interpretation can be issued only in response to a request submitted through the online Inquiry Submittal Form at
https://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email
confirming receipt.
ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the Standard requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistance beobtained. Inquirers
can track the status of their requests at https://go.asme.org/Interpretations.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.
Interpretationsarepublished in theASMEInterpretationsDatabaseathttps://go.asme.org/Interpretationsas theyare

issued.
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CommitteeMeetings. TheCSDAFBStandardsCommittee regularlyholdsmeetings thatareopen to thepublic. Persons
wishing to attend anymeeting should contact the secretary of the committee. Information on future committeemeetings
can be found on the committee web page at https://go.asme.org/CSDAFBcommittee.
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ASME CSD-1–2024
SUMMARY OF CHANGES

Following approval by the ASME CSDAFB Standards Committee and ASME, and after public review, ASME CSD-1–2024
was approved by the American National Standards Institute on December 12, 2024.

ASME CSD-1–2024 includes the following changes identified by a margin note, (24).

Page Location Change
1 CG-130 (1) Subparagraph (c) revised

(2) Subparagraph (d) added
1 CG-140 (1) Subparagraphs (a) through (c) corrected by errata

(2) Subparagraph (a)(2) revised
2 CG-420 Revised
3 CG-700 (1) Definitions of boiler, low-pressure and gas revised

(2) Definitions of component, design pressure, flue gas
recirculation (FGR), heat recovery steam generator (HRSG), and
supply pressure added

(3) Term pool heater changed to pool heater, direct-type and
definition revised; term valve, proof-of-closure changed to
switch, proof-of-closure and definition revised

11 CE-110 Subparagraph (i) revised
19 CF-110 Subparagraph (a) revised
19 CF-150 Revised
22 CF-160 Added and subsequent paragraphs redesignated
22 CF-162 Former CF-161 revised in its entirety
22 CF-163 Former CF-162 revised in its entirety
23 Table CF-163-1 (1) Former Table CF-162-1 redesignated

(2) Last entry in second column revised
25 Table CF-163-2 (1) Former Table CF-162-2 redesignated

(2) Last entry in second column revised
26 CF-180 Subparagraphs (b)(1), (b)(2), (b)(3)(-b)(-2), (c)(2)(-b), and (d)

revised
30 CF-410 Subparagraph (a) revised
33 CF-710 Revised
33 CF-810 Subparagraph (b) revised
37 Figure B-1 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Note redesignated
38 Figure B-2 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Notes redesignated
40 Figure B-3 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Notes redesignated
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Page Location Change
41 Figure B-4 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Notes redesignated
43 Figure B-5 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Note redesignated
44 Figure B-6 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Note redesignated
45 Figure B-7 (1) Illustration and Legend revised

(2) Note (1) added and subsequent Note redesignated
48 Nonmandatory Appendix C “Installation and Design Notes” section added to the form
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Part CG
General

CG-100 GENERAL REQUIREMENTS

CG-110 Scope

The rules of this Standard cover requirements for the
assembly, installation, maintenance, and operation of
controls and safety devices on automatically operated
boilers directly fired with gas, oil, gas–oil, or electricity,
subject to the service limitations, exclusions, and accep-
tance of other listings in CG-120, CG-130, and CG-140,
respectively. Burners or burner assemblies installed on
boilers or as replacement burners shall comply with
the requirements of CF-110 and CF-410 for gas and oil
firing, respectively. The use of a gaseous or oil fuel not
listed in the definitions has not been evaluated, and
special considerations may be required.

CG-120 Service Limitations

Therulesof this Standardareapplicable to the following
service:
(a) all automatically fired boilers and burner assem-

blies, regardless of fuel input ratings, subject to the exclu-
sions and acceptance of other listings in CG-130 and
CG-140, respectively
(b) burners field-installed in automatically fired

boilers

CG-130ð24Þ Exclusions

The following are excluded from the requirements of
this Standard:
(a) boilers with fuel input ratings greater than or equal

to 12,500,000 Btu/hr (3 663 kW), falling within the scope
of NFPA 85
(b) water heaters (see CG-700)
(c) direct-type, gas-fired pool heaters that are labeled

and listed by a nationally recognized testing agency or
other organization that is acceptable to the authority
having jurisdiction as complying with ANSI Z21.56/CSA
4.7
(d) heat recovery steam generators (HRSGs)

CG-140ð24Þ Acceptance of Other Listings

The following other listings are acceptable:
(a) automatically operated boilers fired with gas

having inputs of 400,000 Btu/hr (117 kW) or less that

(1) comply with Part CW, CE-110(a), CE-110(b), and
CE-110(j)

(2) are labeled and listed by a nationally recognized
testing agency or other organization that is acceptable to
the authority having jurisdiction as complying with ANSI
Z21.13/CSA 4.9 or ANSI Z21.56/CSA 4.7; meet the
remaining requirements of this Standard (see
Nonmandatory Appendix A)
(b) automatically operated boilers firedwith oil having

inputs of 3 gph (11.4 L/h) or less that
(1) comply with Part CW, CE-110(a), CE-110(b), and

CE-110(j)
(2) are labeled and listed by a nationally recognized

testing agency or other organization that is acceptable to
the authority having jurisdiction as complying with UL
726; meet the remaining requirements of this Standard
(c) automatically operated, electrically heated boilers

having inputs of 115 kW or less that
(1) comply with Part CW, CE-110(a), and CE-110(b)
(2) are labeled and listed by a nationally recognized

testing agency or other organization that is acceptable to
the authority having jurisdiction as complying with UL
834; meet the remaining requirements of this Standard

CG-150 Jurisdictional Adoption of ASME CSD-1

Adoption of this Standard by a jurisdiction shall not
preclude the jurisdiction adopting and accepting
boilers listed or certified to other safety standards or
codes acceptable to the jurisdictionbeyond the limitations
contained in CG-140. Where other such safety codes and/
or standards are adopted/accepted and overlap with the
scope of this Standard shall be the responsibility of the
jurisdiction to define the application of this Standard
and those other codes and/or standards.

CG-160 Metric (SI) Units

This StandardusesU.S. Customaryunits. Theacceptable
equivalent SI units are shown in parentheses for informa-
tion only and have been converted from the U.S.
Customary units according to Nonmandatory Appendix F.
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CG-200 GENERAL PROVISIONS

CG-210 General

Installation requirements shall apply to controls, safety
devices, and burners on automatically fired boilers
covered by this Standard.
For information regarding boiler and/or burner instal-

lations, refer to local codes. In the absence of local codes,
see NFPA 54/ANSI Z223.1 for gas-fired boilers and NFPA
31 for oil-fired boilers.
Forboilers firing liquefied-petroleum(LP)gasorLP-gas

air mixtures, the requirements pertaining to the storage
container, the first and secondstage LP-gaspressure regu-
lators, and all components upstream of the point of gas
delivery (see CG-700) are covered by NFPA 58.

CG-220 Installation

(a) Installation of controls, safety devices, and burners
shall be in accordance with the manufacturer’s instruc-
tions and the applicable requirements of this Standard.
Diagrams detailing the wiring and piping connections
for the controls and safety devices installed shall be furn-
ished by the unit manufacturer [see CG-510(c)].
(b) Installations shall provide accessibility for

removing burners; adjusting, cleaning, and lubricating
working parts; and replacing controls, safety devices,
and other control components.
(c) For information concerning the location and instal-

lation of LP-gas air mixture boilers, refer to local building
codes.
(d) Whenoneormoremodules of amodular boiler (see

CG-700) are replaced, compatibility of all controls and
systems shall be ensured. The replacement modules
shall comply with the initial listing and shall meet the re-
quirements of this Standard.

CG-230 Observation Ports

Observation ports shall be provided to permit direct
visual inspection of the pilot, main burner flame, and
boiler furnace, if required to adjust the pilot and/or
main burner flame. Observation ports providing direct
visual observation are not required for the following:
(a) boilers using pulse combustion that are labeled and

listed by a nationally recognized testing agency.
(b) boilers providing indirect observation by reflection

for visual observation or an indicator driven by a sensor.
When used, a sensor and indicator shall display both the
presence and absence of the pilot and/or main flame.

CG-240 Guarding

Guards shall be provided to protect personnel and
protect against damage to control equipment. Guarding
shall conform to applicable regulations.

CG-250 Annunciator Systems

Where used, annunciator systems and their associated
test and acknowledgment circuits shall have all contacts,
switches, relays, and lights arranged so that safety control
functions are not bypassed.

CG-260 Combustion Air

(a) The requirements of combustion air shall be in
accordance with NFPA 54/ANSI Z223.1 for gas-fired
boilers and with NFPA 31 for oil-fired boilers.
(b) Louvers and grilles shall be fixed in the open posi-

tion or interlocked with the equipment so that they are
opened automatically during equipment operation. The
interlock shall be placed on the driven member.
(c) Fans supplying air to the boiler room for combus-

tion shall be interlockedwith the burner so that air flow is
proven during equipment operation.

CG-300 MATERIAL REQUIREMENTS

CG-310 Components

Each control and safety device covered by this Standard
shall be accepted for the intended service by a nationally
recognized testing agency such as, but not limited to, UL,
FM, or CSA (see CG-230).

CG-400 TESTING AND MAINTENANCE

CG-410 Cleaning

Manufacturers of controls and safety devices requiring
periodic service shall furnish detailed instructions
covering the procedures and frequency of cleaning [see
CG-510(c)].

CG-420 ð24ÞTesting

Manufacturers of boilers and burners covered by this
Standard shall furnish detailed instructions for testing
controls and safety devices [see CG-510(d)].

CG-430 Maintenance

Boiler, boiler unit, and burner manufacturers shall
furnish detailed instructions on maintenance and
service procedures for the fuel burning system or electri-
cally heated units, including controls and safety devices
installed with the unit.
These instructions shall include requirements speci-

fying that cover plates, enclosures, and guards shall be
maintained in place at all times, except during mainte-
nance (see CG-510 and Part CM).
Boiler, boiler unit, burner, and control manufacturers’

operation and maintenance instructions furnished with
the equipment shall be retained and made available to
the boiler operator (see CG-510).
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CG-440 Operational Testing

The manufacturer and/or the installing contractor, as
applicable, shall make a testing report available as
requiredbyCG-441, CG-442, CG-443, CG-444, andCG-510.

CG-441 Shop-Assembled Boilers — New Installa-
tions.

(a) Manufacturers shall test and report per CG-510(a)
on the operation of control systems and safety devices
installed in accordancewith this Standard.Where produc-
tion makes it infeasible to check each shop-assembled
boiler unit individually prior to shipment, the manufac-
turer shall follow a written inspection and quality
control procedure by which the intent of this paragraph
will be met.
(b) Themanufacturer’s representative or the installing

contractor shall, as part of commissioning the unit, test
and report per CG-510(a) on the operation of all
control systems and safety devices installed in accordance
with this Standard prior to release to the owner/user.

CG-442 Shop-AssembledBoilers—Existing Installa-
tions. After replacing burners or controls or installing
audible or visual alarms and status or control wiring
to primary flame safety controls, or after the boiler
unit is moved from its original installation location, the
instal l ing contractor shal l test and report per
CG-510(a) on the operation of all control systems and
safety devices installed in accordance with this Standard
prior to release to the owner/user.

CG-443 Field-Assembled Boilers — New Installa-
tions. During commissioning of a new installation, manu-
facturers, their representatives, or installing contractors
shall test and report per CG-510(b), as applicable, on the
operation of all control systems and safety devices
installed in accordance with this Standard prior to
release to the owner/user.

CG-444 Field-AssembledBoilers—Existing Installa-
tions. After replacing burners or controls or after the
boiler unit is moved from its original installation location,
the installing contractor shall test and report per
CG-510(b) on the operation of all control systems and
safety devices installed in accordance with this Standard
prior to release to the owner/user.

CG-500 CERTIFICATION AND REPORTING

CG-510 Certification and Reporting

(a) Manufacturers and/or installing contractors, as ap-
plicable, of shop-assembled boiler units covered by this
Standard shall maintain a report for each boiler unit or for
each category (type, size, or model) of boiler unit.

(b) Manufacturers and/or installing contractors, as ap-
plicable, of field-assembled boiler units covered by this
Standard shall maintain a report for each boiler unit or
for each category (type, size, ormodel) for eachboilerunit.
(c) Reports required by CG-510(a) and CG-510(b) shall

list the following:
(1) each control and safety device installed in accor-

dance with this Standard.
(2) name of the manufacturer and model number of

each control and safety device.
(3) operational test performed (see CG-440) shall be

verified by the signature of an authorized representative
of the manufacturer on this report. An example of an ac-
ceptable data report form is contained in Nonmandatory
Appendix C. This report shall be made available to the
authorized inspection agency or the inspector for
action as required by the local jurisdiction.
(d) Installing contractors shall obtain from the boiler

manufacturer pertinent operating, testing, servicing, and
cleaning instructions for the controls and safety devices
and provide such to the owner/user (see CG-410, CG-420,
and CG-430). It is the responsibility of the installing
contractor to deliver these instructions to the owner/
user together with complete wiring and piping diagrams
and a written precaution that the operating, testing, and
servicing only be performed by a qualified individual (see
CG-700) and to obtain a receipt for the instructions. The
receipt shall be filedwith the installation report asproof of
delivery.

CG-600 OPERATION

CG-610 Lockout

Themanual procedure required for effecting the restart
of the equipment subsequent to a lockout shall be accom-
plished froma locationwhere the cause of the lockoutmay
bedetermined so that the necessary corrective actionmay
be performed to ensure that safe operating conditions
prevail before restarting the boiler.
Safety control(s) that can electronically reset without

local manual intervention, such as when power or control
input to the device is interrupted and then restored, shall
not be permitted.

CG-700 ð24ÞDEFINITIONS
accepted: describing a boiler unit, equipment, or device
that is listed, labeled, or otherwise determined to be
suitable and safe by a nationally recognized testing
agency. Field installations are accepted when approved
by the authority having jurisdiction.
air change: the quantity of air necessary to completely
replace the air contained in the combustion chamber
and associated flue passages.
air shutter: an adjustable device for varying the flow of air.
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alarm: an audible or visible signal indicating an off-stan-
dard or abnormal condition.
alarm circuit: a circuit that includes an alarm.
annunciator: a device that indicates a condition, either
normal or abnormal, by visual signals, audible signals,
or both.
approved: acceptable to the authority having jurisdiction.
atomizing air compressor: an air compressor that supplies
air to the oil nozzle for the atomizing medium.
atomizingmedia: a supplementarymedium, such as steam
or air, that assists in breaking the fuel oil into a fine spray.
authorized inspection agency: the inspection agency
approved by the appropriate authority of a state or muni-
cipality of the United States or a province of Canada that
has adopted this Standard.
automatic stack damper: an automatically operated
damper or shutter that is located downstream of the
combustion chamber and in the flue duct (boiler
outlet, breeching, stack or chimney) with a drive
mechanism that can open, close, or modulate the
damper in response to boiler operation or stack draft
variations.
AWG: American Wire Gauge.
bleed line: a section of piping or tubing that conveys gas
froma fuel train component thatmust periodically release
gas pressure to the atmosphere in order to operate prop-
erly.
boiler: a closed vessel in which water or other liquid is
heated, steam or vapor is generated, steam or vapor is
superheated, or any combination thereof, under pressure
or vacuum for use external to itself, by the direct applica-
tion of heat from the combustion of fuels or from electri-
city.
boiler, automatically fired: a boiler that cycles automati-
cally in response to a control system.
boiler, high-pressure: a boiler in which steam or vapor is
generated at a pressure greater than 15 psig (100 kPa
gage).
boiler, high-temperature water: a water boiler for opera-
tion at pressures in excess of 160psig (1.1MPa gage) and/
or temperatures in excess of 250°F (120°C).
boiler, hot water: a hot water heating boiler or hot water
supply boiler.
boiler, hot water heating: a boiler in which no steam is

generated and from which hot water is circulated for
heating purposes, then returned to the boiler operating
at a pressure less than or equal to 160 psig (1.1 MPa
gage) or a temperature less than or equal to 250°F
(120°C) at or near the boiler outlet.

boiler, hotwater supply:aboiler that furnisheshotwater
to be used externally to itself at a pressure less than or
equal to 160 psig (1.1 MPa gage) or a temperature less
than or equal to 250°F (120°C) at or near the boiler outlet.
boiler, low-pressure: a boiler in which steam or vapor is
generated at a pressure less than or equal to 15 psig (100
kPa gage).
boiler, miniature: a boiler that does not exceed any of the
following limits:
(a) 16 in. (400 mm) inside diameter of shell
(b) 20 ft2 (1.9 m2) heating surface
(c) 5 ft3 (0.14 m3) gross volume,1 exclusive of casing

and insulation
(d) 100 psig (700 kPa gage) maximum allowable

working pressure
boiler, modular: a steam or hot water heating assembly
consisting of a grouping of individual boilers called
modules installed as a unit with no intervening stop
valves. Modules may be under one jacket or individually
jacketed.
boiler manufacturer: an organization that manufactures
pressure parts for boilers or that shop-assembles parts
into completed boilers.
boiler system: a system comprised of the boiler(s) and all
associated controls, safety devices, and interconnected
piping; vessels; valves; fittings; and pumps.
boiler unit: a complete assembly comprised of the boiler,
the apparatus used to produce heat, and associated
controls and safety devices.
branch burner: a burner that takes off from the main
burner supply line but does not have its own primary
safety control, using instead the main burner as its
source of ignition and safety control (e.g., second stage
burner). A line burner (or pipe burner) installed adjacent
to a line burner and acting as the ignition source of the
adjacent line burner is considered to be a branch of a
single-burner assembly.
branch circuit: that portion of the wiring system between
the final overcurrent device protecting the circuit and the
utilization equipment.
branch line: a section of pipe or tubing directly connected
to a larger diameter or manifold line.
Btu (British thermal unit): a quantity of heat required to
raise the temperature of 1 lb (0.45 kg) of water 1°F
(0.56°C).

1 The gross volume is intended to include such gas passages as are
integral with the assembled pressure parts. Gross volume is defined
as the volume of a rectangular or cylindrical enclosure into which all
the pressure parts of the boiler in their final assembled positions
could be fitted. Projecting nozzles or fittings need not be considered
in the volume.
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building code: an ordinance that sets forth requirements
for building design and construction and equipment
installation, or, where such an ordinance has not been
enacted, one of the following model codes:
(a) National Building Code
(b) Standard Building Code
(c) Uniform Building Code

burner: adevice for the introduction of fuel and air into the
combustion zone at the desired velocities, turbulence, and
concentration to establish and maintain ignition and
combustion of the fuel (see also burner assembly).
burner, atmospheric: a gas burner in which air for

combustion is supplied by natural draft, the inspirating
force being created by gas velocity through the orifices.
burner, mechanical draft, atmospheric: an atmospheric

gas burner that includes amechanical draft device, such as
a forced draft or induced draft fan, to provide sufficient air
for completing the combustion process.
burner, natural draft type: a burner that depends

primarily on the natural draft created in the flue to
induce the air required for combustion into the burner.
burner, power: a burner in which all air for combustion

is supplied by a power-driven fan that overcomes the
resistance through the burner.
burner assembly: a burner that is factory-built as a single
assembly or as two ormore subassemblies that include all
essential parts necessary for its normal function when
installed as intended.
burner tip: a termination point that directs gas into a flame
of a pilot or into the combustion chamber.
combined feeder/cutoff: a device that regulates makeup
water to a boiler in combination with a low-water fuel
cutoff.
combustion: the rapid oxidation of fuel, producing heat or
heat and light.
combustion air: the air required for combustion of the fuel.
This does not include the air used for atomization.
combustion chamber: the portion of the boiler enclosure
into which the fuel is fed, ignited, and burned (also
referred to as furnace or firebox).
combustion control system: a control system that includes
the ability to provide safety shutdown and a fuel-air-ratio
control system.
component: a device on a fuel train other thanpipe, tubing,
or fittings.
conductor: a body that may be used to conduct electric
current.
continuous duty: the design feature of an electrical device,
such as a motor, that enables the device to operate at the
rated load for an indefinite period.

control: a device designated to regulate the fuel, air, water,
steam, or electrical supply to the controlled equipment. It
may be automatic, semiautomatic, or manual.
control, operating: an automatic control, other than a

safety control, to start or regulate input according to
demand and to stop or regulate input on satisfaction
of demand.
control, primary safety: a labeled and listed safety

control that is directly responsive to flame properties,
sensing the presence of flame and, in event of ignition
failure or loss of flame, causing safety shutdown.
control, protective: a safety control labeled and listed to

UL 60730 standards as a Protective (Type 2 Action)
Control with Class C safety function.
control, safety: a labeled and listed control responsive to

changes in liquid level, pressure, or temperature and set
beyond the operating range to prevent the operation
beyond designed limits. Also known as limit.
control manufacturer: an organization that manufactures
operating and safety controls for use on boilers.
CSA: CSA Group.
damper: a valve or plate for regulating combustion air or
flue gases.
design pressure: themanufacturer’smaximum continuous
operating pressure permissible in a gas piping system, in a
fuel train, or to a component in a fuel train.
direct coupled fan/blower: a fan or blower mounted to the
motor shaft and mechanically secured.
directed fan or blower speed signal: a signal developed by
the fuel-air-ratio control system to regulate fan or blower
speed as part of the combustion air flow requirements.
draft: the difference in pressure between atmospheric and
some other pressure in the furnace or gas passages.
draft, mechanical: the draft caused by a mechanical

device, such as a forced draft or induced draft fan.
draft, natural: the draft caused by the difference in the

temperature of the hot flue gases and the outside atmo-
sphere.
drip: the container placed at a low point in a system of
piping to collect condensate and from which condensate
may be removed.
fan, forced draft: a fan used to supply air, under pressure,
to the fuel-burning equipment of the boiler.
fan, induced draft: a fan used to exhaust gases, under
suction, from the boiler.
feedback line: a section of piping or tubing that normally
communicatesairpressure fromapointof reference to the
air pressure side of a diaphragm of fuel train component,
but could contain gas under abnormal conditions; or a
section of piping or tubing that communicates flue or
gas pressure from one point of reference to another
point of reference.
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firing rate: the rate atwhich air, fuel, or an air-fuelmixture
is supplied to a burner, expressed in volume or heat units
supplied per unit of time.
flame failure response time: the time interval between the
loss of flame and the de-energizing of the safety shutoff
valve.
fluegas recirculation (FGR):aprocessbywhichaportionof
combustion flue gases are removed from the boiler flue
passages or flue gas outlet and reintroduced into the
burner, combustion zone(s), or both.
fluepassages (breeching): thecavities (e.g., flue, exhaust, or
vent system) that convey theproducts of combustion from
the boiler combustion chamber to an approved location.
FM: factory mutual approvals.
fuel-air-ratio control system: a system that manages the
flow of combustion air, fuel, and other support systems
to support modulating firing rates.
fuel train: all fuel piping, tubing, fittings, valves, devices,
and components from the inlet of the manually operated
shutoff valve, which isolates all main fuel line controls
from the fuel supply to the burner.
gas: one of the following fuel gases: natural gas, liquefied
petroleum (LP) gas, LP gas-airmixture, or other fuel gases
for which equipment is labeled and listed for use.
gas-pressure regulator, pilot: a device for controlling and
maintaining a predetermined gas pressure for the pilot
burner.
gas-pressure relief line: a section of pipe or tubing that
conveys gas released from a gas-pressure relief valve.
ground: a conducting connection, whether intentional or
accidental, between an electrical circuit or equipment and
either the earth or a conducting body that serves in place
of the earth.
grounded: connected to earth or to some conducting body
that serves in place of the earth.
grounded conductor: a system or circuit conductor that is
intentionally grounded.
grounding conductor, equipment: the conductor used to
connect non-current-carrying metal parts of equipment,
raceways, and other enclosures to the system-grounded
conductor at the service and/or the grounding electrode
conductor.
guarded: covered, shielded, fenced, enclosed, or otherwise
protected by means of covers, casings, barriers, rails,
screens, mats, or platforms to prevent contact by
persons or objects.
heat recovery steam generator (HRSG): a boiler that has as
its principal source of thermal energy a hot gas stream
having high-ramp rates and temperatures such as the
exhaust of a gas turbine.

high fire: the rate of a burner at or near design maximum
fuel input.
ignition system, direct: an automatic ignition system that
usesanelectrically energizeddevice to ignite fuel at amain
burner.
ignition system, hot surface: an automatic, direct ignition
system that uses a hot surface igniter to ignite fuel at a
main burner.
independent feedback signal: a signal indicating the speed
of the fan or blower that can be read by the combustion
control system and used to compare actual fan or blower
speed to the required fan or blower speed.
input rating: the fuel-burning capacity of a burner at sea
level in Btu/hr (W) as specified by the manufacturer.
installing contractor: an organization that installs a boiler,
combustion controls, burners, and protective equipment
in the field.
labeled: equipment or materials that comply with nation-
ally recognized standards and are so labeled. The label of a
nationally recognized testing agency that maintains peri-
odic inspection of production of labeled equipment or
materials has been applied.
liquefied-petroleum (LP) gas: fuel gases, including
commercial propane; predominantly propane, propylene,
or commercial butane; predominantly butane; isobutane;
and/or butylene.
listed: equipment or materials that are included in a list
published by a nationally recognized testing agency that
maintains periodic inspection of production of listed
equipment or materials. Listing indicates compliance
with nationally recognized standards.
local: within physical sight and sound of the affected
equipment (see also lockout).
lockout: a safety shutdown that requires a local, manual
procedure to restart the equipment (see also shutdown,
safety).
low fire start: the light-off ignition of a burnerwith the fuel
controls in a low fire position. In a systemwith guaranteed
low fire start, interlocks are used to prevent start-up if the
burner is not in the low fire position.
low-water fuel cutoff: a device that shuts off the fuel when
the boiler water falls to an unsafe level.
LP-gas air mixture: liquefied-petroleum gases distributed
at relatively low pressures and normal atmospheric
temperatures that have been diluted with air to
produce a desired heating value and utilization character-
istic.
main burner flame-establishing period: the interval of time
themain burner fuel safety shutoff valves are permitted to
be open before the primary safety control is required to
prove the presence of the main burner flame.
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main manifold gas pressure: the gas pressure measured at
a location that is specifiedby theburner/boilerunitmanu-
facturer and is takendownstreamof themaingaspressure
regulator.
manifold, gas: the conduit of an appliance that supplies gas
to the individual burners.
manual reset device:acomponentof acontrol that requires
resettingbyhand to restart theburner after safe operating
conditions have been restored.
maximum fixed stop limit: on a temperature or pressure
control having an adjustable set point, the maximum
setting to which the control can be adjusted and still
perform its intended function (i.e., safety shutdown)
but not be exceeded due to a mechanical or electrical
stop device.
may: indicatesanaction ispermitted, not required;or indi-
cates an alternative means to accomplish the specified
task.
multiple-burner boiler unit: a boiler unitwith one common
combustion chamber andmore thanoneburner assembly,
each of which has its own primary safety control.
NEMA: National Electric Manufacturers Association.
NFPA: National Fire Protection Association.
oil: any commercial grade fuel oil as defined by ASTM
D396.
open-closed automatic damper: a two-position stack
damper systemused to closeoff the stackduringoff cycles.
pilot: a small burner that is used to light off (ignite) the
main burner.
pilot, continuous: a pilot that burns without turndown

throughout the entire time the burner assembly is in
service, whether the main burner is firing or not. Also
known as a constant burning pilot.
pilot, intermittent: a pilot that is automatically lighted

each time there is a call for heat. It burns during the entire
period the main burner is firing.
pilot, interrupted: a pilot that is automatically lighted

each time there is a call for heat. The pilot fuel is cut
off automatically at the end of the main burner flame-
establishing period.
pilot, proved: a pilot flame supervised by a primary

safety control.
pilot flame-establishing period: the interval of time that
fuel is permitted to be delivered to a pilot burner
before the primary safety control is required to prove
the pilot flame.
pilotmanifold gas pressure: the gas pressuremeasured at a
location that is specified by the burner/boiler unit manu-
facturer and is takendownstreamof thepilot gas-pressure
regulator.

point of gas delivery: for other than undiluted LP gas
systems, the point of gas delivery shall be the outlet of
the service meter assembly or the outlet of the service
regulator or service shutoff valve when no meter is
provided. For undiluted LP gas systems, the point of
gas delivery shall be the outlet of the first stage LP-
gas-pressure regulator.
pool heater, direct-type: an appliance designed for heating
water stored at atmospheric pressure, such as water in
swimming pools, spas, hot tubs, and similar applications
inwhich heat generated by gas, oil, gas-oil, or electricity is
transferred to the pool water directly from the appliance.
postpurge period: a period of time after the fuel valves
close, during which the burner motor or fan continues
to run to supply air to the combustion chamber and
flue passages.
prepurge period: a period of time on each start-up during
which air is introduced into the combustion chamber and
flue passages in volume and manner as to completely
replace the air or fuel-air mixture contained therein
prior to initiating ignition.
pressure regulator, gas, main: a device for controlling and
maintaining a predetermined gas pressure to the gas
manifold.
pressure regulator, LP-gas, first stage: on undiluted LP-gas
systems, a pressure regulator designed to reducepressure
from the container to 10.0 psig (70 kPa gage) or less.
pressure regulator, LP-gas, second stage: a pressure regu-
lator for service on undiluted LP-gas systems designed to
reduce first stage regulator outlet pressure to 14.0 in. WC
(4.0 kPa) or less.
pressure regulator, service: a pressure regulator installed
by the serving gas supplier to reduce and limit the service
line gas pressure to delivery pressure.
pressure regulator, zero governor: a main gas pressure
regulator that is normally adjusted to deliver gas at atmo-
spheric pressure within its flow rating.
primary safety control system: a combination of automatic
primary safety control(s) that integrates the functions of
other controls, such as operating control(s), safety
control(s), and sensing devices. This control system inte-
grates separate labeled and listed components that incor-
porate feedback so that the failure of any of these sensing
deviceswill result in a safety shutdownand lockout condi-
tion of the boiler.
proven prepurge: a provision of the control system for
preventing burner operation until prescribed air flow
is proven during prepurge.
pulse combustion: a self-aspirating, acoustically reso-
nating combustion system.
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qualified individual: a boiler service technician who is
engaged in and responsible for installation, replacement,
repair, or service of the boiler, fuel-burning system
controls, and safety devices and is experienced in such
work.
ratio-regulator control: a fuel control valve thatmodulates
the fuel flow as a ratio of the combustion air flow.
readily accessible: having direct unimpeded access
without the need of a ladder or removing or moving
any panel, door, or similar covering of the item described.
recycle: the process of sequencing a normal burner start
following safety shutdown before the establishment of
lockout.
relay: a device that is operative by a variation in the condi-
tions of one electric circuit to start the operation of other
devices in the same or another electric circuit, such as
pressure or temperature relay.
relight: the action upon loss of main flame to reestablish
the ignition source without recycle.
safety device: any device that acts or initiates action to
cause the boiler to remain in, or revert to, a safe state.
sediment trap: a device in a gas line that collects and
prevents solid debris (such as pipe dope, slag, dirt,
etc.) from traveling downstream into the gas controls
(see Figure CG-700-1).
shall: indicates anaction that ismandatoryand required to
accomplish the specified task.
should: indicates a preferred but not mandatory means to
accomplish the specified task.

shutdown, normal: shutting off fuel and ignition energy to
the burner by means of an operating control.
shutdown, safety: shuttingoff all fuel and ignitionenergy to
the burner by means of a safety control or primary safety
control (see also lockout).
supply pressure: the inlet pressure to the fuel train.
switch, air flow: a device used to prove the flow of air.
switch, high oil temperature: a temperature-actuated
device arranged to stop the flow of fuel to a preheated
oil burner or to prevent it from starting when the fuel
oil temperature rises above a set point, which shall be
the upper end of the viscosity range recommended by
the burner manufacturer.
switch, high pressure: a pressure-actuated device to
monitor liquid, steam, or gas pressure and arranged to
stop the flowof fuel to theburnerat apreset highpressure.
switch, low oil temperature: a temperature-actuated
device arranged to stop the flow of fuel to a preheated
oil burner or to prevent it from starting when the fuel
oil temperature falls below a set point, which shall be
the lower end of the viscosity range recommended by
the burner manufacturer.
switch, low pressure: a pressure-actuated device to
monitor liquid, steam, or gas pressure and arranged to
stop the flowof fluid to theburnerat apreset lowpressure.
switch, pressure: a pressure-responsive device that makes
or breaks an electrical circuit andmay be automatically or
manually reset.
switch, proof-of-closure: a switch installed in a safety
shutoff valve that actuates only after the valve has
fully closed.
time delay: a deliberate delay of a predetermined time in
the action of a safety device or control.
UL: Underwriters Laboratories, LLC.
upper set point limit: on a temperature or pressure control
with an adjustable range of set points, themaximumpres-
sure or temperature set point to which the control can be
adjusted and still perform its intended function (i.e., safety
shutdown).
valve, automatic: an automatic device consisting essen-
tially of a valve and operator that controls the fuel
supply to the burner(s) during normal operation of a
boiler. It may be actuated by application of electrical,
mechanical, or other means.
valve, lubricated plug type: a valve of the plug and barrel
type designed for maintaining a lubricant between the
bearing surfaces.
valve,modulating control: a valve designed to regulate fuel
input to the burner in response to demand.

Figure CG-700-1
Sediment Trap

Gas supply inlet

Tee fitting To gas
   control(s) 
   inlet

Nipple

Cap

3 in. (76 mm) 
   min.
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valve, safety shutoff: a fast-closing valve that automatically
and completely shuts off the fuel supply in response to a
normal or safety shutdown signal.
valve shaft: themovable part of the sealingmechanismof a
safety shutoff valve.Thevalveshaftmayalsobereferred to
as the valve stem.
variable frequency drive (VFD): a control that can vary the
speedof an electricmotor. This includes all formsofmotor
speed control, i.e., variable speed drives (VSD), pulse
width modulated (PWM), electronically commutated
(EC), brushless DC (BLDC), or any other type of motor
speed control.
vent limiter: a means that limits the flow of gas from the
atmosphericdiaphragmchamber to theatmosphere in the
event of diaphragm rupture. This may be either a limiting
orifice or a device.

vent line: a section of piping or tubing that conveys the
release of gases from fuel train components.
vent valve: a normally open, power-closed valve piped
between the two safety shutoff valves and vented to a
safe point of discharge.
vent valve line: a section of piping that conveys the release
of gas from an automatic ormanually operated vent valve.
water heater: a vessel, which is closed except for openings
throughwhichwater can flow, that includes the apparatus
by which heat is generated and on which all controls and
safety devices necessary to prevent pressures greater
than 160 psig (1.1 MPa gage) and water temperatures
greater than 210°F (99°C) are provided, in which
potable water is heated by the combustion of fuels, elec-
tricity, or any other heat source and withdrawn for
external use.
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Part CM
Testing and Maintenance

CM-100 PERIODIC TESTING AND MAINTENANCE

CM-110 General

Since the effective operation of all safety devices
depends upon their ability to respond to their activating
impulses, a systematic and thorough maintenance
program shall be established and performed.
(a) An inspection and maintenance schedule shall be

established and inspection and maintenance shall be
performed on a periodic basis. The periodic basis shall
be at least that required by the equipment manufacturer
or at least annually.
(b) Operability and set points on all devices, where ap-

plicable, shall be verified by periodic testing, and the
results shall be recorded in the boiler log, maintenance
record, service invoice, or other written record.
(c) Anydefect found shall be brought to the attention of

the boiler owner and shall be corrected immediately.
(d) Frequent inspection, adjustment, and cleaning shall

be performed during initial start-up operation to ensure
all safety controls and devices are functioning as intended
and are in a reliable operating condition (see CM-120).

CM-120 Familiarity With Equipment and
Procedures

The qualified individual performing inspections and
tests shall be trainedand familiarwith all operatingproce-
dures and equipment functions and shall be capable of
determining the equipment is in an as-designed operating
condition. The individual shall be familiar with all precau-
tions and shall comply with the requirements of the
authority having jurisdiction.

CM-130 Periodic Maintenance and Testing

The owner or user of an automatic boiler system shall
develop andmaintain a formal system of periodic preven-
tive maintenance and testing. Tests shall be conducted on
a regular basis, and the results shall be recorded in the
boiler log or in the maintenance record or service
invoice.Themanufacturer’s instructionsshall be followed.
Additional information and a recommended checklist are
provided in Nonmandatory Appendix D.
Because of the variety of equipment and modes of

operation, owners and users shall provide a detailed
checklist for operator’s use in accordance with the
boiler, boiler unit, burner, and control device assembly
manufacturer’s instructions.
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Part CE
Electrical

CE-100 ELECTRICAL REQUIREMENTS

CE-110ð24Þ General

Installation requirements shall apply to controls, safety
devices, and burners on automatically fired boilers
covered by this Standard.
For information regarding boiler and/or burner instal-

lations, refer to local codes. In the absence of local codes,
see NFPA 70.
(a) A disconnecting means capable of being locked in

the open position shall be installed at an accessible loca-
tion at the boiler so that the boiler can be disconnected
from all sources of potential. This disconnecting means
shall be an integral part of the boiler or adjacent to it.
(b) A manually operated remote shutdown switch or

circuit breaker shall be located just outside the boiler
room door and marked for easy identification.

(1) Consideration should be given to the type and
location of the remote shutdown switch to safeguard
against tampering. If the boiler room door is on the
building exterior, the switch should be located just
inside the door. If there is more than one door to the
boiler room, there should be a remote shutdown
switch located at each door.

(2) Activation of the remote shutdown switch or
circuit breaker shall immediately shut off the fuel or
energy supply.

(3) For installations not in a boiler or equipment
room, such as outdoors at ground level or on roof top,
the manually operated remote shutdown switch(es) or
circuit breaker(s) shall be accessible and located at a
safe distance as defined by the authority having jurisdic-
tion.
(c) All uninsulated live metal parts and all rotating or

moving parts that may cause injury shall be guarded to
avoid accidental contact.
(d) The electrical equipment shall be arranged so that

failure of this equipment will cause the fuel supply to shut
off.
(e) The power supply to the electrical control system

shall be from a two-wire branch circuit that has a
grounded conductor; otherwise, an isolation transformer
with a two-wire secondary shall be provided. When an
isolation transformer is provided, one side of the
secondary winding shall be grounded. Control voltage
shall not exceed 150 nominal volts, line to line.

(1) One side of all coils shall be electrically located in
the grounded side of the circuit. All switches, contacts, and
overcurrent devices shall be electrically located in the
ungrounded or “hot” side of the circuit.

(2) All electrical contacts of every safety device
installed in the same control circuit shall be electrically
connected in series.
(f) All electrical components and devices shall have a

voltage rating commensurate with the supply voltage of
the control system.
(g) All electrical components and devices shall be

provided with an electrical enclosure that is at least
NEMA Type 1 (general purpose). Where electrical
devices will be subject to dripping moisture, the enclo-
sures shall be at least NEMA Type 2 (drip-tight).
(h) All electrical control devices shall be labeled and

listed.
(i) The design of the control circuits shall be such that

limit and primary safety controls shall directly open a
circuit that interrupts the supply of fuel to combustion
units. Factory-installed relays between the primary
safety control and the safety shutoff valves shall be
permitted on listed and labeled boiler or burner units.
(j) Automatic resetting devices, controls, or switches

shall be installed in accordance with the instructions of
the combustion safeguard control manufacturer. No auto-
matic resetting device, control, or switch shall be installed
in the wiring between the load side (terminal) of the
primary or programming control and the main or ignition
fuel valve or valves. This doesnot preclude the installation
of manually operated test switches for the purposes of
testing tight closure of individual fuel valves.

CE-120 Overcurrent Protection

(a) Conductors for interconnecting wiring that is
smaller than the supply conductors shall be provided
with overcurrent protection based on the size of the smal-
lest interconnecting conductors external to any control
box.
(b) Overcurrent protection for interconnecting wiring

shall be located at the point where the smaller conductors
connect to the larger conductors. However, overall over-
current protection is acceptable if it is sized on the basis of
the smallest conductors of the interconnecting wiring.
(c) Overcurrent protection devices shall be accessible,

and their function shall be identified.
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CE-130 Motors

(a) Motors exposed to dripping or spraying oil orwater
shall beofdrip-proof construction.Allmotors shall be fully
guarded as installed.
(b) Motors shall be providedwith a corrosion-resistant

nameplate.
(c) Motors shall be provided with running protection

by means of integral thermal protection, overcurrent
devices, or a combination of both in accordance with
manufacturer’s instructions that shall be based on the re-
quirements of NFPA 70.
(d) Motors shall be rated for continuous duty and shall

be designed for an ambient temperature of 104°F (40°C)
or higher.
(e) All motors shall be provided with terminal leads or

terminal screws in terminal boxes integral with, or
secured to, the motor frames.

CE-140 Ignition System

(a) When automatic electric ignition is provided, it
shall be accomplished by means of a high-voltage electric
spark, ahigh-energyelectric spark, or ahot surface igniter.
(b) Ignition transformers shall conform to the require-

ments of UL 506.
(c) Ignition cable shall conform to the requirements of

UL 814.

CE-150 Wiring

(a) All wiring for boilers shall be rated for the
maximum operating temperature to which it may be
exposed. Such wiring shall be in accordance with NFPA
70. All wiring between components shall have copper
conductors not less than size No. 18 AWG and constructed
in accordance with NFPA 70.
(b) All electrical wiring shall have a voltage rating

commensurate with the voltage of the power supply.

(c) Conductors shall be protected from physical
damage.
(d) Conductors shall be sized on the basis of the rated

current of the load they supply.

CE-160 Bonding and Grounding

(a) Means shall be provided for grounding the major
metallic frame or assembly of the boiler.
(b) Non-current-carrying enclosures, frames, and

similar parts of all electrical components and devices
shall be bonded to the main frame or assembly of the
boiler. Electrical components that are bonded by their
installation do not require a separate bonding conductor.
(c) When an insulated conductor is used to bond elec-

trical components and devices, it shall show a continuous
green color, with or without a yellow stripe.

CE-170 Annunciation, Status, and Control Wiring
to Primary Safety Control Systems

(a) Connections made to the primary safety control
system and connected to an external device for the
purpose of annunciation, status indication, or any
other purpose shall not

(1) change the intendedoperationor settingof safety
or operating controls

(2) energize safety-related outputs from theprimary
safety control system
(b) Connections of any external device as described

in (a) shall be tested and reported in accordance with
CG-440(b) by a qualified technician. Testing shall verify
safety and operating controls of the primary safety
control system are not bypassed and no safety-
related output from the primary safety control
system is energized as a result of the external connec-
tions.
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Part CW
Steam and Waterside Control

CW-100 AUTOMATIC LOW-WATER FUEL CUTOFF
AND/OR COMBINED WATER FEEDING
DEVICE

CW-110 General Requirements for Water Level
Controls for All Boilers

(a) Each low-water fuel cutoff or combined feeder/
cutoff device shall be labeled and listed to UL 353 as a
safety control and/or UL 60730-2-15 as a protective
control.
(b) Installationdiagramsand instructionsshall be furn-

ished by the manufacturer.
(c) All low-water fuel cutoffs or combined feeder/

cutoff devices shall be located to provide access for servi-
cing, repairing, testing, and inspection.
(d) All low-water fuel cutoffs shall have a pressure

rating at least equal to the maximum allowable
working pressure of the boiler.
(e) In probe-type, low-water fuel cutoffs, an open

circuit failure, break, or disconnection of the electrical
components or conductors in the safety circuit shall
prevent continued operation of the firing mechanism.
(f) Alarms, when used, shall be distinctly audible above

the ambient noise level and may be used in conjunction
with indicating lights. They shall be located to alert the
operator or an individual trained as to what action to
take when an alarm indicates a potentially dangerous
situation is developing.
(g) Low-water fuel cutoffs of the automatic or manual

reset type shall be electrically connected in accordance
with CE-110(j).
(h) For vacuum boilers, see the requirements in

CW-700.

CW-120 Requirements forWater LevelControls for
Low-Pressure Steam Boilers

(a) Eachautomatically fired, low-pressure steamboiler
shall have at least two automatic low-water fuel cutoffs,
one of which may be a combined feeder/cutoff device.
When installed external to the boiler, each device shall
be installed in individual chambers (water columns),
which shall be attached to the boiler by separate pipe
connections below the waterline. A common steam
connection is permissible. Each cutoff device shall be
installed to prevent start-up and to cut off the boiler

fuel or energy supply automatically, prior to the fall of
the surface of the water below the level of the lowest
visible part of the gage glass (see CW-210).
EXCEPTION: Only one low-water cutoff is required on gravity
return units installed in residences, as defined by the authority
having jurisdiction.

Awater feeding device, when used, shall be constructed
and installed so that the water inlet valve cannot feed
water into the boiler through the float chamber or its
connections to the boiler. The water feeding device
shall be located to maintain the operating water level.
(b) The electrical circuit shall be connected in such a

manner that either low-water fuel cutoff control will shut
off the fuel or energy supply to the boiler when a low-
water condition develops. One cutoff control shall be
set to function ahead of the other.

(1) Withapumped condensate return, functioning of
the lowerof the two cutoff controls shall cause safety shut-
down and lockout. Themanual reset may be incorporated
in the lower cutoff control. Where a reset device is sepa-
rate from the low-water fuel cutoff, a means shall be
provided to indicate actuation of the low-water fuel
cutoff. The manual reset device may be the instantaneous
type or may include a time delay of not more than 3 min
after the fuel has been cut off.

(2) With gravity condensate return, the lower of the
two cutoff controls shall be electrically connectedwith the
upper cutoff to cause a safety shutdown requiringmanual
reset only when the upper cutoff has failed to function.
(c) The fuel cutoff device may be inserted internally or

attached externally to the boiler. An external cutoff device
may be attached to piping connecting a water column to
the boiler or combined with a water column. Water
column piping and connections shall be at least NPS 1
(DN 25). If the lower water fuel cutoff is connected to
the boiler by pipe or fittings, no shutoff valves of any
type shall be placed in such piping. A cross, or equivalent
fitting, shall be placed in the water piping connection at
every right angle to facilitate cleaning and inspection. Fuel
cutoff devices embodying a separate chamber shall have a
vertical drainpipe and blowoff valve, not less than NPS 3∕4
(DN 20), located at the lowest point of the chamber or
water-equalizing pipe connections so that the chamber
and equalizing pipe can be flushed and the device
tested. Outlet piping shall be installed onto the blowoff
(drain) valve for externally mounted low-water cutoff
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devices and routed to a safe point of discharge, as accept-
able to the authority having jurisdiction.
(d) A low-water fuel cutoff or combined feeder/cutoff

device may also be installed in the tapped openings avail-
able for attaching a water gage glass directly to a boiler,
provided the connections are made to the boiler with
nonferrous tees or wyes not less than NPS 1∕2 (DN 15)
between the boiler and water gage glass so that the
water gage glass is attached directly and as close as
possible to the boiler; the run of the tee or wye shall
take the water glass fitting, and the side outlet or
branch of the tee or wye shall take the low-water fuel
cutoff or combined feeder/cutoff device. The ends of
all nipples shall be hollowed to full-size diameter.
(e) A systemmay incorporate a time-delay component

with the low-water fuel cutoff device to prevent short
cycling. This component shall not constrict any connecting
piping, and the time delay shall not exceed the boiler
manufacturer’s recommended timing or 90 sec, which-
ever is less. The device shall cut off the fuel or energy
supply when the water falls to the lowest visible part
of the gage glass.

CW-130 Requirements forWater LevelControls for
Hot Water Heating Boilers

(a) Each automatically fired, hot water heating boiler,
except those installed in residences (as defined by the
authority having jurisdiction), shall be protected by a
low-water fuel cutoff intended for hot water service
(see CW-210).
(b) Since there is no normalwaterline to bemaintained

in a hot water boiler, the low-water fuel cutoff can be
located any place above the lowest safe permissible
water level established by the boiler manufacturer.
(c) If the low-water fuel cutoff is located in the system

piping, itmust be ensured that the float chamberwill drain
properly under a low-water condition, and the installation
must be arranged to ensure that if flow occurs in the float
chamber, itwill be in the upward direction. The low-water
fuel cutoff device may be inserted internally or attached
externally to the boiler. An external low-water fuel cutoff
device attached to the boiler by piping and connections
shall be at least NPS 1 (DN 25). If the low-water fuel cutoff
is connected to the boiler by pipe or fittings, no shutoff
valves of any type shall beplaced in suchpiping. A cross, or
equivalent fitting, shall be placed in the water piping
connection at every right angle to facilitate cleaning
and inspection. Low-water fuel cutoff devices embodying
a separate chamber shall have a vertical drainpipe and a
blowoff valve not less than NPS 3∕4 (DN 20) located at the
lowest point of the chamber of water equalizing pipe
connections so that the chamber and equalizing pipe
can be flushed and the device tested.
(d) Functioning of the low-water fuel cutoff due to a

low-water condition shall cause safety shutdown and
lockout. Where a reset device is separate from the

low-water fuel cutoff, a means shall be provided to indi-
cate actuation of the low-water fuel cutoff. The manual
reset device may be the instantaneous type or may
include a time delay of not more than 3 min after the
fuel has been cut off.
(e) Ameans shall be provided for testing the operation

of the low-water fuel cutoff without resorting to draining
the entire system. Such means shall not render the device
inoperable. If the means temporarily isolates the device
from the boiler during this testing, it shall automatically
return to its normal position.

CW-140 Requirements forWaterLevelControls for
High-Pressure Steam Boilers

(a) Each automatically fired, high-pressure steam
boiler, except miniature boilers, shall have at least two
automatic low-water fuel cutoff devices. When installed
external to the boiler, each device shall be installed in in-
dividual chambers (water columns), which shall be
attached to the boiler by separate pipe connections
below the waterline. A common steam connection is
permissible. Each cutoff device shall be installed to
prevent start-up and cut off the boiler fuel or energy
supply automatically when the surface of the water
falls to a level not lower than the lowest visible part of
the gage glass. One control shall be set to function
ahead of the other.
(b) Each automatically fired, high-pressure, miniature

steam boiler shall have at least one low water fuel cutoff
device that shall cause safety shutdown and lockout and
shall be equipped with a manual reset.
(c) Functioning of the lower of the two controls (or the

single device for a miniature boiler) shall cause safety
shutdown and lockout. The manual reset may be incor-
porated in the low-water fuel cutoff control. Where a
reset device is separate from the low-water fuel cutoff,
a means shall be provided to indicate actuation of the
low-water fuel cutoff. The manual reset device may be
of the instantaneous type or may include a time delay
of not more than 3 min after the fuel has been cut off.
(d) The fuel cutoff device may be inserted internally or

attached externally to the boiler. An external cutoff device
may be attached on piping connecting a water column to
the boiler or combined with a water column. Water
column piping and connections shall be at least NPS 1
(DN 25). If the low-water fuel cutoff is connected to
the boiler by pipe or fittings, no shutoff valves of any
type shall be placed in such piping. The steam and
water connections to a water column shall be readily
accessible for internal inspection and cleaning. Some ac-
ceptable methods of meeting this requirement are by
providing a cross fitting with a back outlet at each
right-angle turn to permit inspection and cleaning in
both directions or by using a pipe bend or fitting of a
type that does not leave an internal shoulder or pocket
in the pipe connection and has a radius of curvature
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thatwill permit the passage of a rotary cleaner. Fuel cutoff
devices embodying a separate chamber shall have a
vertical drainpipe and blowoff valve, not less than NPS
3∕4 (DN 20), located at the lowest point of the chamber
or water-equalizing pipe connections, so that the
chamber and the equalizing pipe can be flushed and
the device tested. Outlet piping shall be installed onto
the blowoff (drain) valve for externally mounted low-
water cutoff devices and routed to a safe point of
discharge, as acceptable to the authority having jurisdic-
tion.
(e) A systemmay incorporate a time-delay component

with the low-water fuel cutoff device to prevent short
cycling. This component shall not constrict any connecting
piping, and the time delay shall not exceed the boiler
manufacturer’s recommended timing, or 90 sec, which-
ever is less. The device shall cut off the fuel or energy
supply when the water falls to the lowest visible part
of the gage glass.

CW-150 Requirements for Operating and Safety
Controls for Electrically Heated Boilers

Electric resistance and electrode boilers shall have a
boiler feed control system that shall maintain the oper-
ating level in steam boilers and operating water pressure
on hot water boilers. Where uncovering of the electrical
element can lead to an unsafe condition, the boiler shall be
providedwith low-water fuel cutoff(s) in accordancewith
Part CW. Boiler feed control and low-water fuel cutoffmay
be common to one control. In the case of electrode-type
boilers, where the reduction inwater level provides a self-
limiting control on input, low-water fuel cutoff controls
are not required.

CW-200 AUTOMATIC FUEL CUTOFF FOR FORCED
CIRCULATION BOILERS

CW-210 Requirements for Flow or Temperature
Sensing Devices for Forced Circulation
Boilers

In lieu of the requirements for low-water fuel cutoffs in
CW-100, a boiler requiring forced circulation to prevent
overheating and failure of the heat exchanger (tubes, coils,
etc.) shall have one or more of the following means to
protect the boiler unit against overheating at all allowable
firing rates:
(a) a flowsensingdevice labeled and listed toUL353as

a safety control and/or UL 60730-2-15 as a protective
control. This safety control shall be independent of any
other operating controls and may be automatically
reset when sufficient water flow is restored.
(b) in addition to a low-water fuel cutoff as specified in

CW-110 and CW-130, a primary safety control system
comprised of a labeled and listed primary safety
control and temperature sensing device(s) that

monitor temperature change in the boiler unit such
that insufficient water flow can be verified. This
control may allow the boiler to recycle.
Upon detection of insufficient water flow, the means

specified in (a) or (b) shall shut off the fuel or energy
supply. Positive means shall be provided to determine
during testing that these controls functioned upon insuf-
ficient water flow. The positive means shall enable these
controls to remain in the running safety lock circuitry
during testing.
The safety control must be automatically restored to

service after completion of system testing.
(c) when there is a definitive waterline, a low-water

fuel cutoff device complying with the applicable portions
of CW-100 shall be provided in addition to controls nec-
essary for meeting the requirements of (a) or (b). Func-
tioning of the low-water fuel cutoff shall cause a safety
shutdown and lockout.

CW-300 PRESSURE CONTROLS

CW-310 Requirements for Pressure Controls for
Steam Boilers

(a) Each boiler pressure control shall be labeled and
listed to UL 353 as a safety control and/or UL
60730-2-6 as a protective control.
(b) Each automatically fired steam boiler or system of

commonly connected steam boilers shall have at least one
steam pressure control device that will shut off the fuel
supply to each boiler or system of commonly connected
boilers when the steam pressure reaches a preset
maximum operating pressure. This requirement does
not preclude the use of additional operating control
devices where required.
(c) In addition to the pressure control required in (b),

each individual automatically fired steamboiler shall have
a high steam pressure limit control that will prevent
generation of steam pressure greater than the
maximum allowable working pressure. Functioning of
this control shall cause safety shutdown and lockout.
The manual reset may be incorporated in the pressure
limit control. Where the reset device is separate from
the pressure limit control, a means shall be provided
to indicate actuation of the pressure limit control. Each
limit and operating control shall have its own sensing
element and operating switch.
EXCEPTION: Lockout is not required for boiler units installed in
residences, as defined by the authority having jurisdiction.

(d) A pressure limit control of the automatic ormanual
reset type shall be electrically connected in accordance
with CE-110(j).
(e) No shutoff valve of any type shall be placed in the

steam pressure connection between the boiler and the
high-pressure limit control device and steam pressure
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control device or between the boiler and steam pressure
control device.
(f) Eachpressure control device shall beprotectedwith

a siphon, or equivalentmeans of maintaining awater seal,
that will prevent steam from entering the control. The
minimum size of a siphon shall be NPS 1∕4 (DN 8).
Tubing suitable for the temperatures and pressures
involved, with an inside diameter at least equal to stan-
dard pipe sizes, may be substituted for pipe. When a
control incorporating a mercury switch is mounted on
the siphon, the loop of the siphon shall be in a plane
that is 90 deg from the plane of the mercury switch.
(g) Steampressure supply connections to a single pres-

sure control using pipe of nonferrousmaterial shall not be
less thanNPS 1∕4 (DN 8) for lengths up to and including 5 ft
(1.5 m) and not less than NPS 1∕2 (DN 15) for lengths over
5 ft (1.5m).Tubingsuitable for the temperaturesandpres-
sures involved, having an inside diameter at least equal to
that of standard pipe, may be substituted for pipe.
(h) Steampressure supply connections to a single pres-

sure control using pipe of ferrousmaterial shall not be less
than NPS 1∕2 (DN 15) for lengths up to and including 5 ft
(1.5 m) and not less than NPS 1 (DN 25) for lengths over
5 ft (1.5m).Tubingsuitable for the temperaturesandpres-
sures involved, having an inside diameter at least equal to
that of standard pipe, may be substituted for pipe.
(i) Pressure controls should have separate pressure

connections; however, manifolding is permitted. When
multiple controls are fed from a manifold, the manifold
and common source connection to the boiler, for pipe
of nonferrous material, shall not be less than NPS 1∕2
(DN 15) for lengths up to and including 5 ft (1.5 m)
and not less than NPS 3∕4 (DN 20) for lengths over 5 ft
(1.5m).Formanifoldsusing ferrousmaterial, themanifold
and common source connection to the boiler shall not be
less thanNPS3∕4 (DN20) for lengthsup toand including5 ft
(1.5m) and not less thanNPS 11∕4 (DN 32) for lengths over
5 ft (1.5 m). Individual controls are to be piped from the
manifold according to the provisions of (g) and (h).
(j) The upper set point limit or maximum fixed stop

limit of the pressure control selected shall not exceed
the maximum allowable working pressure of the boiler.

CW-400 TEMPERATURE CONTROLS

CW-410 Requirements for Temperature Controls
for Hot Water Boilers

(a) Each automatically fired hot water boiler or each
system of commonly connected hot water boilers shall
have at least two temperature-control devices labeled
and listed to UL 353 as a safety control and/or UL
60730-2-9 as a protective control. This requirement
does not preclude the use of additional temperature
control devices that are not labeled and listed to UL
353 and/or UL 60730-2-9 as a protective control.

(b) Each automatically fired hot water boiler or each
system of commonly connected hot water boilers shall
have at least one operating temperature control. This
temperature control shall have its own sensing
element and operating switch. The temperature control’s
sensingelement shall bepositionedso it senses the system
water temperature to shut off the fuel or energy supply
when the water reaches a preset operating temperature.
The sensing elementmay be remote from the control unit.
(c) In addition to the operating temperature control

requirements in (b), each individual automatically fired
hot water boiler shall have at least one high-temperature
limit control. Thehigh-temperature limit control’s sensing
element shall be positioned on the boiler to cut off the fuel
supply at or below the maximum allowable temperature.
The upper set point limit or the maximum fixed stop limit
of the high-temperature limit control shall not exceed the
maximum allowable temperature. Functioning of this
high-temperature limit control shall cause safety shut-
down and lockout. Themanual reset may be incorporated
in the high-temperature limit control. Where a reset
device is separate from the high-temperature limit
control, a means shall be provided to indicate actuation
of the high-temperature limit control. Each high-tempera-
ture limit control shall have its own sensing element and
operating switch. The sensing element may be remote
from the control unit.
EXCEPTION: Lockout is not required for boilers installed in resi-
dences, as defined by the authority having jurisdiction.

(d) Requirements in (b) and (c) may be fulfilled by
accepted integrated controls with multiple sensors and
operating switches. The integrated control’s multiple
sensors may be individually packaged or integrated
into a single package.
(e) Each high-temperature limit and operating

temperature control shall have its own sensing
element and operating switch, unless the boiler tempera-
ture and limit control functions are performed by a
primary safety control system meeting all the require-
ments of CW-210. A sensing element may be remote
from its control unit.
(f) Each required control of the automatic or manual

reset type shall be electrically connected in accordance
with CE-110(j).
(g) No shutoff valve or isolation device of any type shall

be placed between the boiler and the boiler’s controls as
required in (b) and (c).
EXCEPTION: A shutoff valve or isolation device may be installed
between the boiler and the operating temperature control(s)
specified in (b) provided.

(a) an accepted safety control is installed to monitor for
sufficient water flow in the system and is interlocked with
theboiler control to prevent firing if thewater flow is insufficient
as determined by the boiler manufacturer, or

ASME CSD-1–2024

16

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


(b) an accepted valve position supervisory device ensures
the valve is open and is interlocked with the boiler control to
prevent firing if the isolation valve is not fully open

CW-500 SAFETY AND SAFETY RELIEF VALVES

CW-510 Requirements for Steam and Hot Water
Heating Boilers

The safety and safety relief valves of all steam and hot
water heating boilers shall conform to the ASME Boiler
and Pressure Vessel Code, Section I or Section IV, as ap-
plicable.

CW-520 Requirements ofHotWater SupplyBoilers

(a) Each hot water supply boiler shall have at least one
officially rated safety relief valve mounted directly on the
boiler and set to relieve at or below the maximum allow-
able working pressure of the boiler. The required steam-
relieving capacity in Btu/hr (W) shall equal or exceed the
maximum Btu/hr (W) output rating of the boiler.
(b) Each hot water system consisting of a hot water

supply boiler and hot water storage tank served by a
hot water supply boiler that is designed to operate at
or below 210°F (99°C) shall have a temperature relief
valve installed and set to relieve at or below 210°F
(99°C). This valve shall be installed either in combination
with that required in (a)orwithin the top6 in. (150mm)of
the system's hot water storage tank.
(c) Safety relief valves shall be installed and tested in

accordance with the ASME Boiler and Pressure Vessel
Code. Temperature relief valves shall be rated, tested,
and installed in accordance with ANSI Z21.22/CSA 4.4
and combination pressure–temperature relief valves in
accordance with ANSI Z21.22/CSA 4.4 for temperature
and the ASME Boiler and Pressure Vessel Code for pres-
sure.

CW-600 MODULAR BOILERS

CW-610 Water Level Controls for Modular Steam
Heating Boilers

Modular steam heating boilers shall comply with
CW-120, with the following differences:
(a) Each module shall be equipped with an automatic

low-water fuel cutoff.
(b) The assembled modular steam boiler shall have a

second low-water fuel cutoff mounted either on a water
columnattached to themanifolds or ononeof themodules
where the return piping is below the lowest safewaterline
and all modules will drain equally. Operation of this low-
water fuel cutoff shall shut off the fuel or energy supply to
all modules.

CW-620 Pressure Controls for Modular Steam
Heating Boilers

Modular steam heating boilers shall comply with
CW-310, with the following differences:
(a) Theassembledmodularboiler shall haveapressure

control that complies with CW-310(c). Operation of this
control shall shut off the fuel or energy supply to all
modules.
(b) Each module shall have a pressure control that

complies with CW-310(b).

CW-630 Water Level Controls for Modular Hot
Water Boilers

Modular hot water boilers shall comply with CW-130,
with the following differences:
(a) Theassembledmodularboiler shall beprotectedby

a low-water fuel cutoff located in the system piping such
that it will detect a low-water condition before the level
falls below the lowest safe waterline in any module.
(b) Operation of the low-water fuel cutoff shall shut off

the fuel or energy supply to all modules.

CW-640 Temperature Controls for Modular Hot
Water Heating Boilers

Modular hotwater boilers shall complywith CW-410 as
follows:
(a) The assembled modular boiler shall have a high-

temperature limit control that complies with CW-410(c).
Operation of this control shall shut off the fuel or energy
supply to all boiler modules.
(b) Each boiler module shall have an operating

temperature control that complies with CW-410(b).

CW-700 VACUUM BOILERS

CW-710 Requirements for Vacuum Boilers

Vacuum boilers complying with ASME Boiler and Pres-
sure Vessel Code, Section IV, Mandatory Appendix 5 shall
be permitted to have the safety limit controls meeting the
requirements identified in (a) through (d) in lieu of all
other requirements in Part CW.
(a) Each boiler pressure control shall be labeled and

listed to UL 353 as a safety control and/or UL
60730-2-6 as a protective control and each boiler
temperature control shall be a safety control labeled
and listed to UL 353 and/or UL 60730-2-9 as a protective
control.
(b) Each boiler shall have a pressure control that inter-

rupts the burner operation in response to boiler pressure.
This pressure control shall be set from 2.5 psig (17 kPa
gage) vacuum to 14.7 psig (100 kPa gage) vacuum.
(c) Each boiler shall have two temperature controls

responsive to boiler temperature that interrupt burner
operation. One shall operate at a temperature below
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210°F (99°C). Theother shall operate at a temperaturenot
exceeding 210°F (99°C) and shall cause a safety shutdown
and lockout.
(d) Each boiler shall have a properly sized safety valve.

The safety valve shall

(1) have no test lever
(2) be set at a maximum pressure of 7.1 psig (49 kPa

gage)
(3) conform to the ASME Boiler and Pressure Vessel

Code, Section IV
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Part CF
Combustion Side Control

CF-100 GAS-FIRED BOILER UNITS, EQUIPMENT

CF-110ð24Þ Burner Assemblies and Boiler Units

(a) Burner assemblies for boiler units having inputs in
excess of 400,000 Btu/hr (117 kW) shall comply with the
provisions of this Part. Burner assemblies (includingpulse
combustion and emissions reduction systems incorpor-
ating fluegas recirculation), aspart of aboiler unit or sepa-
rately, shall be labeled and listed by a nationally
recognized testing agency or other organization that is
acceptable to the authority having jurisdiction as
complying with the standards referenced herein. For a
burner provided as an integral part of a boiler unit,
the label on the boiler unit may serve as evidence that
the burner is in compliance.

(1) UL 295
(2) UL 795
(3) UL 2096
(4) ANSI Z21.13/CSA 4.9 (see Nonmandatory

Appendix A)
(5) ANSI Z21.56/CSA 4.7

(b) Boiler units having inputs of 400,000 Btu/hr (117
kW) or less, with field-installed gas burner assemblies,
and boiler units that do not comply with ANSI Z21.13/
CSA 4.9 shall comply with the provisions for

(1) purging, safety control timing, action on flame
failure, loss of combustion air, combustion air proving,
and fuel supervision given in Table CF-110-1 or Table
CF-110-2, as applicable

(2) safety shutoff valve requirements per
CF-180(b)(1)
(c) Field-installed, oil-fired assemblies having inputs of

400,000Btu/hr (117kW)or less shall be labeledand listed
by a nationally recognized testing agency or other orga-
nization that is acceptable to the authority having juris-
diction as complies with ANSI Z21.17/CSA 2.7. The units
on which they are installed shall comply with the provi-
sions of this Standard.
(d) Boilers firing liquefied-petroleum (LP) gases or LP-

gas air mixtures that are installed indoors but do not
comply with ANSI Z21.13/CSA 4.9 shall be equipped
with safety shutoff devices of the complete shutoff
type. A safety shutoff device of the complete shutoff
type is one that will shut off the gas flow to both the
main and the pilot burner(s) in the event of main
flame, pilot flame, or ignition failure.

(e) The provisions of this Part are intended to apply to
equipment suppliedwithgaspressuresnot inexcessof the
following:

(1) 10 psig (70 kPa gage) for boilers firing gas-air
mixtures within the flammable range (i.e., 5% to 15%
by volume natural gas in air and 2.15% to 9.6% by
volume propane in air)

(2) 20 psig (140 kPa gage) for boilers firing LP gas
(3) 60 psig (410 kPa gage) for all other boilers

CF-120 Fuel Train

(a) SeeNonmandatoryAppendix B for typical fuel train
diagrams. Fuel train designs other than those pictured in
Nonmandatory Appendix B butmeeting the requirements
of this Standard shall be permitted.
(b) Thread-sealing compounds used on threaded joints

of gas piping on the fuel train shall be resistant to the
action of LP gases.

CF-130 Filters or Strainers

Fuel cleaning equipment such as filters or strainers are
recommended for use in the main gas supply line to the
unit.

CF-140 Sediment Traps and Drips

(a) A sediment trap shall be installed upstream of the
gas control(s). When a vertical section of piping supplied
by the manufacturer is on the upstream side of the gas
control(s), a sediment trap shall be installed. When a
vertical section of piping is not supplied, installation
instructions supplied by the manufacturer shall specify
that a sediment trap be installed as close to the gas
control(s) as practical at the time of the boiler's installa-
tion.
(b) For other than dry gas conditions, a drip shall be

provided at any point in the line of pipewhere condensate
could collect.

CF-150 ð24ÞManually Operated Shutoff Valves

(a) A manually operated shutoff valve installed on a
fuel train shall comply with (b) through (f).
(b) Unlessprovidedaspart of a labeledand listedboiler

or burner assembly, eachmanually operated shutoff valve
shall comply with the applicable provisions of ANSI
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Z21.15/CSA 9.1, UL 842, or a nationally recognized stan-
dard and be suitable for the intended use.
(c) Manually operated shutoff valves installed on a

main fuel train or on a pilot fuel train shall have stops.
(d) All manually operated shutoff valves shall be of the

T-handle or lever-handled typewith the handle parallel to
the fuel flow only when in the open position and perpen-
dicular to the fuel flow only when in the closed position.
The valve shall be accessible, and the handle position shall
clearly indicate the “open” and “closed” positions. The
handle shall be of adequate size to permit opening and
closing the valve without the use of tools. All manually
operated shutoff valves shall bemaintained and exercised
in accordance with the manufacturer’s instructions to

ensure the valve remains operable without the use of
tools.
(e) Except as allowed in (f), the handle for all manually

operated shutoff valves shall be permanently attached.
(f) Where permanently attached handles are not avail-

able or where the handle of a manually operated shutoff
valve creates a personnel obstruction or hazard when the
valve is in the closed position, a removable handle shall be
permitted, provided all the following requirements are
satisfied:

(1) The handle shall remain installed on the valve at
all times when the valve is open.

(2) Following removal, reattachment shall only be
possible such that the handle is perpendicular to the
gas flow with the valve in the closed position.

Table CF-110-1
400,000 Btu/hr (117 kW) and Smaller (Gas — Natural Draft)

Safety Control

Pilot Ignition Gas
Continuous

Pilot
Intermittent

Pilot
Interrupted

Pilot
Direct Ignition

System Hot Surface Ignition
Purge requirements
[Note (1)]

None None None None None

Pilot flame-establishing
period

None 15 sec maximum 15 sec maximum 15 sec maximum 15 sec maximum

Main burner flame-
establishing
period

None None 15 sec maximum 15 sec maximum 15 sec maximum

Flame failure response
time [Note (2)]
Pilot 180 sec

maximum
4 sec maximum 4 sec maximum Not applicable Not applicable

Main burner Not
applicable

Not applicable 4 sec maximum 4 sec maximum 4 sec maximum

Valve closing time Not
applicable

5 sec maximum after
de-energization

5 sec maximum after
de-energization

5 sec maximum after
de-energization

5 sec maximum after
de-energization

Action on pilot flame
failure
[Note (1)]

Safety
shutdown

Safety shutdown
[Note (2)]

Safety shutdown
[Note (2)]

Not applicable Not applicable

Action on main burner
flame
failure [Note (1)]

Not
applicable

Not applicable Safety shutdown
[Note (2)]

Safety shutdown
[Note (2)]

Safety shutdown

Fuel pressure
supervision

Not required Not required Not required Not required Not required

GENERAL NOTE: Timings shown above represent the maximum primary safety control timings permitted by this Standard. The model des-
ignation of the installed primary safety control together with the timings shall be provided in the documentation of the burner/boiler.

NOTES:
(1) After safety shutdown, allow a minimum 5 min time delay before resetting ignition system (instructional requirement).
(2) If the ignition system includes a relight feature, one relight attempt shall be initiated within 0.8 sec of loss of flame.
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(3) Valve position shall be clearly indicated whether
the handle is attached or detached.

(4) Upon removal, the valve handle shall be reor-
iented (turned 180 deg) and reattached to eliminate
the personnel obstruction or hazard, or if remaining
detached, the valve handle shall be tethered to the gas
main no more than 3 ft (1 m) from the valve in a
manner that does not cause personnel safety issues
and allows trouble-free reattachment of the handle and
operation of the valve without untethering the handle.

(5) A handle tethered in accordance with (4) shall
only be permitted when the line in which the valve is
located is tagged/locked out to prevent operation.
(g) A manually operated shutoff valve, as described in

(b) through (f), shall be provided upstream from all other
main fuel controls to isolate the fuel train from the fuel
supply.

(1) The valve shall be located within 6 ft (2 m) of the
boiler andmust be readily accessible from the boiler room
floor.

(2) Where a valve in accordance with (i) is not
required, the valve required by (g) shall be located imme-
diately external to the boiler or burner unit.
(h) When the pilot fuel supply is obtained indepen-

dently from the main burner fuel supply or upstream
of the manually operated shutoff valve required in (g),
an additional manually operated shutoff valve shall be
located in the fuel supply line to the pilot burner(s).
When the pilot fuel supply is obtained downstream of
the manually operated shutoff valve required in (g),
one or more manually operated shutoff valves or other
means shall be provided as required to permit pilot turn-
down tests and/or pressurization of the pilot fuel train
without pressurizing the main fuel train.
(i) Amanually operated shutoff valve shall be provided

downstream of and in-linewith the safety shutoff valve(s)
to the main burner or group of burners if the boiler or
burner manufacturer requires the valve for valve seal
leakage testing, operational testing, or maintenance of
the boiler or burner unit.

CF-160ð24Þ Manual Test Valves

The manual test valves, where installed, shall meet one
of the following requirements:
(a) be manually operated shutoff valves complying

with CF-150 and, except during testing or maintenance,
be locked in the closedpositionorbepluggedor capped, or
(b) bemanually operatedneedle valves requiring a tool

to open and close

CF-161 Gas-Pressure Regulators

(a) Individual gas-pressure regulators or gas-pressure
regulators that are part of a combination valve shall be
furnished for both pilot fuel lines (if a pilot is used)
and main fuel lines of gas-fired boiler units in accordance
with ANSI Z21.78/CSA 6.20. The gas pressure at the outlet

of the regulator shall be within ±10% of the regulation set
point at all firing rates. A pressure test port shall be
provided to permit measuring the gas pressure to
confirm compliance with the requirements of this para-
graph.
(b) Gas-pressure regulators incorporating integral

vent limiters shall comply with the applicable provisions
of ANSI Z21.18/CSA 6.3.
(c) Second stage gas-pressure regulators on boilers

firing LP gas or LP-gas air mixtures shall comply with
UL 144 and shall be installed in accordancewith NFPA 58.

CF-162 ð24ÞOverpressure Protection

(a) The installer of theboiler or burner shall provide an
overpressure protection device on or upstream of the fuel
train

(1) where the supply pressure is greater than the
design pressure of any component in the fuel train, or

(2) where a failure of a single upstream pressure
regulator results in the supply pressure exceeding the
design pressure of one or more components in the fuel
train
(b) If an overpressure protection device is required in

accordance with CF-161(a), the installer of the boiler or
burner shall set the overpressure protection device no
higher than the lower of the following:

(1) the design pressure of the fuel train, or
(2) the lowest design pressure of any component on

the fuel train
(c) Overpressure protection devices, if required, shall

be located upstream of all operating and safety controls in
both the main burner and, if applicable, the pilot burner
gas supply system. The overpressure protection devices
shall be vented to a safe point of discharge, if required.
(d) Venting of the gas overpressure protection devices

shall comply with CF-190.
(e) Overpressure protection, if required, may be

provided by any of the devices listed in the latest
edition of NFPA 54/ANSI Z223.1.

CF-163 ð24ÞGas-Pressure Supervision

(a) Gas-pressure supervision shall be provided on gas
trains, as specified inTableCF-163-1orTableCF-163-2, to
accomplish a safety shutdown and lockout in the event of
either high or low gas pressure while the burner is firing.
(b) The following are requirements for the location and

setting of high gas pressure:
(1) If the high gas-pressure switch is located down-

stream of the main gas-pressure regulator or a zero
governor, the pressure switch used to monitor high
gas pressure shall function to cause safety shutdown
and lockout before the main manifold gas pressure
exceeds 150% of the boiler’s/burner’s main manifold
gas pressure or 2 in. WC, whichever is greater.
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(2) If the high gas-pressure switch is located
upstream of the main gas-pressure regulator, the main
gas-pressure regulator shall be a zero governor pressure
regulator. A high gas-pressure switch located upstream of
the main gas-pressure regulator shall cause safety shut-
down and lockout when the supply pressure exceeds

(-a) the setting of the overpressure protection
device in CF-161, if equipped

(-b) the boiler or burner manufacturer’s specified
high gas-pressure switch setting for listed boilers or
burners, or

(-c) 150% of the boiler’s/burner’s specified
maximum gas supply pressure if the setting is not speci-
fied
(c) The following are requirements for the location and

setting of low gas pressure:
(1) A pressure switch used to monitor low gas pres-

sure shall function to cause safety shutdown and lockout
before the main manifold gas pressure is less than

(-a) the boiler or burner manufacturer’s specified
low gas-pressure switch setting for the listed boilers or
burners, or

(-b) 50% of the boiler’s or burner's mainmanifold
gas pressure if the setting is not specified

(2) The lowgas-pressure switch shall be in oneof the
following locations:

(-a) upstream of the safety shutoff valve(s), or
(-b) downstream of the safety shutoff valve(s)

provided the safety circuit begins monitoring for low
gas pressure prior to the end of the main burner flame
establishing period. When the low gas-pressure switch
is located downstream of the safety shutoff valve(s),
the manufacturer should include installation and
design notes per CG-500. The manufacturer should
include this information on a data report form (see
Nonmandatory Appendix C).

(3) When the low gas-pressure switch is located
upstream of the main gas-pressure regulator or down-
stream of safety shutoff valve(s), the burner or boiler
unit shall be labeled and listed by a nationally recognized
testing agency for this arrangement.
(d) Oneormorepressure test ports shall beprovided to

permitmeasuring the gas pressure to confirm compliance
with the requirements of this paragraph.
(e) Gas-pressure switches shall be labeled and listed.
(f) Gas-pressure switches shall be capable of with-

standing without damage a pressure at least 10%
above the relieving pressure of the nearest upstream
relief device. Where no relief device is provided, the
gas-pressure switches shall be capable of withstanding
without damage a pressure not less than the maximum
inlet pressure of the nearest upstream gas-pressure regu-
lator.When the high gas-pressure switch is located down-
streamof the safety shutoff valve(s), thehigh gas-pressure
switch shall be capable of withstanding without damage a

pressure at least 50% above its upper set point limit or
5 psig (35 kPa gage), whichever is greater.
(g) Gas-pressure switches of the automatic or manual

reset type shall be electrically connected in accordance
with CE-110(j).

CF-170 Control Valves

(a) An automatic input, complete closure, control valve
may be combined with a safety shutoff valve.
(b) A bypass to provide for a minimum flame may be

installed around a valve used to control input only. A
bypass shall not be installed around a safety shutoff
valve or a combination input control and safety shutoff
valve.

CF-180 ð24ÞSafety Shutoff Valves

(a) Each main and pilot burner supply line shall be
equipped with a safety shutoff valve(s) that shall
comply with the applicable provisions of ANSI Z21.21/
CSA 6.5, ANSI Z21.78/CSA 6.20, or UL 429.
(b) For single-burner boiler units, the main burner

supply line shall be equipped as follows for the applicable
input classification or any greater input classifications:

(1) For single-burner boiler units having inputs less
than or equal to 5,000,000 Btu/hr (1 465 kW), the main
burner supply line shall be equipped with at least two
safety shutoff valves in series that may be in a single
valve body or one safety shutoff valve with a proof of
closure interlock function. If the two safety shutoff
valves are in a single valve body, the two safety
shutoff valve seats shall be in series and shall have inde-
pendently operated valve shafts.

(2) For single-burner boiler units having inputs
greater than 5,000,000 Btu/hr (1 465 kW) and less
than 12,500,000 Btu/hr (3 663 kW), the main burner
supply line shall be equipped with at least two safety
shutoff valves in series that may be in a single valve
body. At least one of the two safety shutoff valves shall
incorporate a proof of closure interlock function. If the
two safety shutoff valves are in a single valve body,
the two safety shutoff valve seats shall be in series and
shall have independently operated valve shafts.

(3) For single-burner boiler units that incorporate a
branch supply line to supply gas to one or more branch
burners (e.g., a second stage burner), either of the
following shall apply:

(-a) for single-burner boiler units having inputs
less than or equal to 5,000,000 Btu/hr (1 465 356 W),
the safety shutoff valve requirements in (1) apply to
each branch supply line

(-b) for single-burner boiler units having inputs
greater than 5,000,000 Btu/hr (1 465 356 W) and less
than 12,500,000 Btu/hr (3 663 389 W),

(-1) the safety shutoff valve requirements in
(2) apply to each branch supply line, or
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(-2) at least one safety shutoff valve on themain
burner supply line and one safety shutoff valve on each
branch supply line shall incorporate a proof of closure
interlock function
(c) For multiple-burner boiler units, the main burner

supply line for each burner shall be equipped for the ap-
plicable input classification or any greater input classifi-
cations as follows:

(1) for multiple-burner boiler units having total
inputs less than or equal to 5,000,000 Btu/hr
(1 465 356 W), the safety shutoff valve requirements in
(b)(1) apply to each individual burner supply line

(2) for multiple-burner boiler units having total
inputs greater than 5,000,000 Btu/hr (1 465 356 W)
and less than 12,500,000 Btu/hr (3 663 389 W), either
of the following shall apply:

(-a) thesafetyshutoff valve requirements in (b)(2)
apply to each individual burner supply line, or

(-b) thesafety shutoff valve requirements in (b)(1)
apply to each individual burner supply line, and the main
burner supply line has at least one safety shutoff valve that
incorporates a proof of closure interlock function
(d) Theproofof closure interlock,where required, shall

prevent boiler ignition if the switch does not prove the
safety shutoff valve closed during the start-up sequence.
(e) The pilot gas supply line shall be equipped with at

least one safety shutoff valve.
(f) Safety shutoff valves shall be labeled and listed.
(g) Safety shutoff valves shall have a shutoff time not to

exceed that specified in Tables CF-110-1, CF-110-2,
CF-163-1, and CF-163-2.
(h) Safety shutoff valves shall be capable of with-

standing, without damage, a pressure not less than
10%above the setpointof thenearestupstreamoverpres-
sureprotectiondevice. In casenooverpressureprotection
device is provided, the safety shutoff valves shall be
capable of withstanding, without damage, a pressure
not less than the maximum inlet pressure to the
nearest upstream gas-pressure regulator.
(i) Provisions shall bemade to test independently each

safety shutoff valve for seal leakage. Manufacturer’s
instructions shall be followed. Any special equipment
needed to perform the leak test shall be made available
by the boiler or burner manufacturer.

CF-190 Vent Lines, Bleed Lines, Gas-Pressure
Relief Lines, Vent Valve Lines, and
Feedback Lines for Fuel Train Components

(a) Vent Lines
(1) Gas-pressure regulators, combination gas

controls, pressure interlock switches, and all other fuel
train components requiring atmospheric air pressure
to balance a diaphragm shall have the atmospheric
side of the diaphragm connected to a vent line that
shall be piped by the installer to the outdoors at a safe

point of discharge as determined by the authority
having jurisdiction unless otherwise allowed in (c) or (h).

(2) Where there is more than one fuel train compo-
nent requiring a vent line at a location, each fuel train
component shall have a separate vent line piped by
the installer to the outdoors at a safe point of discharge
as determined by the authority having jurisdiction unless
otherwise permitted by (f) or (h).
(b) Bleed Lines
(1) Gas-pressure regulators, combination gas

controls, pressure interlock switches, or all other fuel
train components that use an atmospheric diaphragm
and periodically release gas into the atmosphere in
order to properly operate shall have the atmospheric
side of the diaphragm connected to a bleed line that
shall be piped by the installer to the outdoors at a safe
point of discharge as determined by the authority
having jurisdiction unless otherwise allowed in (c) or (h).

(2) Where there is more than one fuel train compo-
nent requiring a bleed line at a location, each fuel train
component shall have a separate bleed line piped by
the installer to the outdoors at a safe point of discharge
as determined by the authority having jurisdiction unless
otherwise permitted by (f) or (h).
(c) ComponentsWith Vent Limiters.A listed and labeled

gas-pressure regulator, combination gas control, pressure
interlock switch, or other fuel train component incorpor-
ating a vent limiter shall be permitted to vent directly into
ambient space.
(d) Gas-Pressure Relief Lines
(1) If an overpressure protection device incorpor-

ating a gas-pressure relief valve is installed, the outlet
of the gas-pressure relief valve shall be connected to a
gas-pressure relief line that shall be piped by the installer
to the outdoors at a safe point of discharge as determined
by the authority having jurisdiction.

(2) The gas-pressure relief line shall be sized in
accordance with the component manufacturer’s instruc-
tions and shall be at least the same size as the outlet
connection of the gas-pressure relief valve.

(3) Where there ismore than one gas-pressure relief
valve at a location, each gas-pressure relief valve shall
have a separate relief line piped by the installer to the
outdoors at a safe point of discharge as determined by
the authority having jurisdiction unless otherwise
permitted by (f).
(e) Lines From Vent Valves
(1) A vent valve, if installed, shall be connected to a

vent valve line that shall be piped by the installer to the
outdoors at a safe point of discharge as determined by the
authority having jurisdiction.

(2) The vent valve line shall be at least the same size
as the outlet connection of the vent valve.

(3) Where there ismore thanonevent valveat a loca-
tion, each vent valve shall be piped by the installer to the
outdoors at a safe point of discharge as determined by the
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authority having jurisdiction unless otherwise permitted
by (f).
(f) Manifolding of Lines. If approved by the authority

having jurisdiction, the manifolding of lines of the
same type shall be permitted, and the manifolding of
vent lines and bleed lines shall be permitted. In order
to minimize backpressure in the event of gas being
released through the manifolded line, the manifolded
line shall have a cross-sectional area not less than the
area of the largest branch line directly piped to the mani-
folded line plus 50% of the additional cross-sectional
areas of the manifolded branch lines. The following mani-
folding of lines of different types shall not be permitted:

(1) the manifolding of gas-pressure relief lines with
vent lines, bleed lines, or vent valve lines

(2) themanifolding of vent valve lineswith vent lines
or bleed lines

(3) the manifolding of vent lines, bleed lines, gas-
pressure relief lines, and vent valve lines of one boiler
unit to any lines of another boiler unit
(g) Connecting Lines to Flue Passages. No vent line,

bleed line, gas-pressure relief line, or vent valve line
shall connect to a boiler's flue passages.
(h) Points of Discharge: Outdoor Requirements, Special

Exceptions, and Prohibited Practices
(1) Unless otherwise terminated as permitted by (2)

or (4), vent lines, bleed lines, gas-pressure relief lines, or
vent valve lines shall have provisions to be piped by the
installer to the outdoors at a safe point of discharge as
determined by the authority having jurisdiction. A
means shall be provided at the point of discharge to
prevent stoppage of the lines by foreign material,
moisture, or insects.

(2) Acombination gas control integrating an internal
(within the valve) gas bleed line shall be permitted to
discharge its bleed line back into the valve body, provided
that the construction of the combination gas control is
such that when it is in the closed position, a damaged
diaphragm will not allow gas to flow through the bleed
line to the main burner.

(3) At locations where a point of discharge may be
submerged during floods, a special antiflood-type
breather vent fitting shall also be installed at the point
of discharge, or the line shall be extended above the
height of the expected floodwaters.

(4) A bleed line or a vent line shall be permitted to
discharge into a continuous pilot, provided that the line is
not manifolded and the point of discharge uses a burner
tip.

(5) A bleed line or a vent line shall not discharge into
a positive-pressure-type combustion chamber.
(i) Clearances for Points of Discharge. The point of

discharge from a vent line, bleed line, gas-pressure
relief line, or vent valve line that is piped by the installer
to theoutdoors shall have clearances as determinedby the
authority having jurisdiction, and the point of discharge

shall extend above the boiler and adjacent structures to
prevent gaseous discharge from being drawn into
combustion air intakes, ventilating systems, mechanical
air intakes, orwindowsof theboiler roomorof anadjacent
building.
(j) Burner Tips
(1) Burner tips, when required by (h)(4), shall be

made of metal having a melting point greater than
1,450°F (790°C), and its length shall extend from the loca-
tion as defined in (3) to the outer wall of the combustion
chamber.

(2) The installer shall demonstrate compliance to (1)
with the documentation accompanying the boiler.

(3) Burner tips shall be located so that the escaping
gas will be readily ignited by the pilot flame, and the
burner tips shall be securely held so that the ports are
in a fixed position in relation to the pilot flame.
(k) FeedbackLines forFuelTrainComponents.Feedback

lines shall be piped according to the manufacturer’s
instructions.
(l) Bleed, Vent, and Relief Lines. All materials used for

bleed lines, vent lines, vent valve lines, feedback lines, and
gas-pressure relief lines shall possess suitable strength
and durability for the environmental stresses to which
the material will be exposed during normal operation.
The materials shall be listed for the intended purpose
in accordance with a nationally recognized standard ac-
ceptable to the authority having jurisdiction. In the
absence of such a standard, NFPA 54/ANSI Z223.1
shall be used.

CF-195 Automatic StackDampersWhenanautomatic
stack damper is used, the following criteria shall apply:
(a) The automatic stack damper shall be labeled and

listed for the intended application by a nationally recog-
nized testing agency.
(b) A means shall be provided to open such automatic

stack damper to the high fire position or full open position
before each light off cycle is initiated and before the
prepurge period begins.
(c) Dampers shall be interlocked with the burner

control system so that the damper is proven to be in
high fire position or full open position during the
purge cycle operation. The interlock shall be placed on
the driven member.
(d) If a postpurge period is required or implemented, a

means shall be provided to open the automatic stack
damper to the high fire position ormaintain the automatic
stack damper in the previous firing position.
(e) Dampers used for open-closed function shall main-

tain the damper in the high fire position or full open posi-
tion during combustion.
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CF-200 GAS-FIRED BOILER UNITS, PURGING

CF-210 Preignition Purging

Preignitionpurgingof the combustion chamberand flue
passages shall be provided (see Table CF-163-1 or Table
CF-163-2).
(a) Power gas burners and mechanical draft atmo-

spheric gas burners shall provide for preignition
purging of no fewer than either

(1) four air changes, within 90 sec, or
(2) four air changes at not less than 60% damper

opening with both damper opening and air flow proven
Boiler units less than or equal to 5,000,000 Btu/hr

(1 465 kW) input using burners labeled and listed and
designed with a fixed mechanical stop to prevent the
damper from going below an air flow rate at least
equivalent to that provided for combustion at 60%
of the rated high-fire input are exempt from
proving damper opening.
(b) Light-off instructions for boiler units equippedwith

manually lighted, constant burning pilots shall specify a
minimum5min complete shutoff periodbefore thepilot is
lighted.
(c) Natural draft atmospheric gas burners equipped

with an automatically operated air shutter or damper
that is closed or positioned to restrict the passage of
air when the burner is not firing shall provide means
to open such air shutters or dampers to the high-fire posi-
tion for a period of at least 90 sec immediately before each
light-off cycle is initiated. Compliance with ANSI Z21.13/
CSA 4.9 satisfies the intent of this provision.

CF-220 Control

Boiler units having power gas burners or mechanical
draft atmospheric gas burners shall comply with one
of the following for safety shutdown and lockout, or
recycle, as applicable:
(a) recycle is permitted following loss of combustion

air for boiler units having inputs greater than 400,000
Btu/hr (117 kW) and less than or equal to 2,500,000
Btu/hr (733 kW)
(b) loss of combustion air shall result in safety shut-

down and lockout for boiler units having inputs
greater than 2,500,000 Btu/hr (733 kW)

CF-300 GAS-FIRED BOILER UNITS, SAFETY
CONTROLS

CF-310 Primary Safety Control

(a) Eachmainburnerassemblyshall beprovidedwitha
primary safety control that will de-energize the main gas
shutoff valve(s) and shut off pilot fuel upon loss of flame at
the point of supervision as specified in CF-330.

(b) The response time of the primary safety control to
de-energize or activate the gas shutoff device shall not
exceed the values shown in Tables CF-110-1, CF-110-2,
CF-163-1, and CF-163-2.
(c) Primary safety controls shall be labeled and listed.
(d) Primary safety controls shall require local manual

intervention by an operator or service technician to reset.
Devices that can electronically reset without local manual
intervention, such as when power or control input to the
device is interrupted and then restored, shall not be
permitted.
(e) Supervision of the main burner flame alone shall

begin at the end of the main burner flame-establishing
period for

(1) power gas burners and mechanical draft atmo-
spheric gas burners having inputs greater than 2,500,000
Btu/hr (733 kW)

(2) all types of burners with modulating or high-low
firing having inputs greater than 2,500,000 Btu/hr
(733 kW)

(3) all types of burners with interrupted pilot(s)
(4) natural draft atmospheric gas burners having

inputs greater than 5,000,000 Btu/hr (1 465 kW)
(f) Themain burner flame-establishing period shall not

exceed the values shown in Tables CF-110-1, CF-110-2,
CF-163-1, and CF-163-2.
(g) For pulse combustion, twomethods of flame detec-

tion shall be used. Onemethodmust be a pressure switch.

CF-320 Automatic Ignition Devices

(a) Automatic ignitiondevicesusingpilots shall comply
with the following:

(1) Gas to pilots shall be automatically shut off if the
pilot is not proved.

(2) Thepilot typeand flame-establishingperiodshall
meet the provisions shown in Tables CF-110-1, CF-110-2,
CF-163-1, and CF-163-2.

(3) The flame failure response time for additional
pilots used for smooth light off shall not exceed 90 sec.
(b) A single direct ignition or hot surface ignition

system may be used on a boiler unit that has a natural
draft atmospheric gas burner with a total input less
t h a n o r e q u a l t o 4 0 0 , 0 0 0 B t u / h r
(117 kW). This direct ignition or hot surface ignition
sy s t em sha l l mee t t he p rov i s i on s shown in
Table CF-110-1.
(c) Multiple direct ignition or hot surface ignition

systems may be used on a boiler unit that has a
natural draft atmospheric gas burner with a total input
less than or equal to 2,500,000 Btu/hr (733 kW) and
an input less than or equal to 400,000 Btu/hr
(117 kW) per ignition system. There shall be no intercon-
nection between combustion zones served by separate
ignition systems at any point below the draft hood or,
if no draft hood is used, below the flue outlet.
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Each direct ignition or hot surface ignition system shall
meet the provisions shown in Table CF-110-1.
(d) A direct ignition or hot surface ignition systemmay

be used on a boiler unit that has a power gas burner or
mechanical draft atmospheric gas burner with a total
input less than 12,500,000 Btu/hr (3 663 kW) and a
maximum input at ignition less than or equal to
2,500,000 Btu/hr (733 kW). This direct ignition or hot
surface ignition system shall meet the provisions
shown in Table CF-163-1 if the total input is greater
than 400,000 Btu/hr (117 kW). This direct ignition or
hot surface ignition system shall meet the provisions
shown in Table CF-110-2 if the total input is less than
or equal to 400,000 Btu/hr (117 kW).

CF-330 Action on Flame Failure

Gas-fired boiler units shall comply with one of the
following for safety shutdown, lockout, recycle, or
relight upon loss of flame as applicable (refer to
Tables CF-110-1, CF-110-2, CF-163-1, and CF-163-2):
(a) Loss of flame for power gas burners andmechanical

draft atmospheric gas burners having inputs greater than
400,000Btu/hr (117 kW) and having input at ignition less
than or equal to 2,500,000 Btu/hr (733 kW) shall result in
a safety shutdown and lockout or a single recycle.
(b) Lossof flame for power gas burners andmechanical

draft atmospheric gas burners having input at ignition
greater than 2,500,000 Btu/hr (733 kW) shall result in
safety shutdown and lockout.
(c) Loss of flame for atmospheric gas burners using

natural draft having inputs greater than 400,000
Btu/hr (117 kW) and less than 12,500,000 Btu/hr
(3 663 kW) shall result in safety shutdown and
lockout, or recycle, after a minimum 5 min time delay.
(d) Lossofpilot flame forgas-firedboilersusingnatural

draft burners and power gas burnerswith inputs less than
or equal to 400,000 Btu/h (117 kW) shall result in safety
shutdown for a continuous, intermittent, or interrupted
pilot. Relight may be applied to the intermittent or inter-
rupted pilot if initiated within 0.8 sec upon loss of pilot
flame.
(e) Loss of main flame for gas-fired boilers using

natural draft burners and power gas burners with
inputs less than or equal to 400,000 Btu/hr (117 kW)
shall result in safety shutdown for interrupted pilot
direct ignition or hot surface ignition systems. Relight
may be applied to the interrupted pilot or direct ignition
system if initiated within 0.8 sec of loss of flame.
(f) Loss of flame for pulse combustion systems with

inputs less than or equal to 400,000 Btu/hr (117 kW)
may allow up to three complete combustion system
recycles, each of which shall include preignition purge re-
quirements of Table CF-110-2. After three recycle
attempts, the pulse combustion system shall go into
safety shutdown.

(g) Loss of flame for pulse combustion systems with
inputs greater than 400,000 Btu/hr (117 kW) and less
than or equal to 2,500,000 Btu/hr (733 kW) may allow
up to three complete combustion system recycles, each
of which shall include the preignition purge requirements
of Table CF-163-1. After three recycle attempts, the pulse
combustion system shall go into safety shutdown and
lockout. Pulse combustion systems are not permitted
for applications with inputs greater than 2,500,000
Btu/hr (733 kW).

CF-400 OIL-FIRED BOILER UNITS, EQUIPMENT

CF-410 ð24ÞBurner Assemblies

(a) Burnerassemblies that haveamaximumnameplate
fuel input ratinggreater than3gph(11.4L/h) shall comply
with the provisions of this section. Burner assemblies
(including emissions reduction systems incorporating
fluegas recirculation), aspartof aboilerunitor separately,
shall be labeled and listed by a nationally recognized
testing agency or other organization that is acceptable
to the authority having jurisdiction as complying with
the standards referenced herein. For a burner provided
as an integral part of a boiler unit, the label on the boiler
unit may serve as evidence that the burner is in compli-
ance.

(1) UL 296
(2) UL 726
(3) UL 2096

(b) Boiler units that have fuel input ratings less than or
equal to 3 gph (11.4 L/h), with field-installed oil burner
assemblies and boiler units that do not comply with UL
726, shall comply with the provisions for purging, safety
control timing, action on flame failure, loss of combustion
air, combustion air proving, and fuel supervision given in
Table CF-110-2.
(c) Field-installed burner assemblies having inputs of

3 gph (11.4 L/h) or less shall be labeled and listed by a
nationally recognized testingagencyorotherorganization
that is acceptable to the authority having jurisdiction as
complying with UL 296. The units on which they are
installed shall complywith theprovisions of this Standard.

CF-420 Fuel Train

See Nonmandatory Appendix B for typical fuel train
diagrams.

CF-430 Filters or Strainers

Filters and strainers shall be installed upstream from
the safety shutoff valve(s).
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CF-440 Relief Valves

(a) A pressure relief valve shall be connected to a fuel
line in which pressure greater than system design pres-
sure may build up from the closing of any valve in the
burner assembly or from oil heated by a preheater.
(b) The relief line from the relief valve shall discharge

into the return line, oil tank, or pump suction line.

CF-450 Pressure and Temperature Switches

(a) All oil supplied to the main burner shall be super-
vised by a low oil pressure interlock switch for systems
greater than 20 gph (75.7 L/h) (except for rotary cup
burners), unless the oil pump is integral with the burner's
motor shaft, to cause a safety shutdown and lockout if oil
pressure falls below the manufacturer’s design pressure.
(b) Atomizingmedia (air or steam) shall be supervised

by a low-pressure interlock switch to cause safety shut-
down and lockout if atomizingmedia pressure falls below
the manufacturer’s design pressure.
(c) Ahigh oil temperature supervisory interlock switch

shall be provided for all preheated oil systems to cause a
safety shutdown and lockout when the oil temperature
exceeds preset limits.
(d) For low oil temperature supervision, an interlock

switch shall be provided to cause safety shutdown and
allow circulation to re-establish preset oil temperature.

CF-460 Safety Shutoff Valves

(a) Two approved safety shutoff valves or one safety
shutoff valve and a nozzle cutoff valve integral to the fuel
unit shall be provided. The safety shutoff valves shall
conform to UL 429. A nozzle cutoff valve integral to
the fuel unit shall conform to UL 343.
It is recommended that whenever shutoff valves can

trap oil between two valves or between a check valve
and safety shutoff valve, a relief valve be used to
prevent hydraulic pressure increases in the line, as
trapped oil absorbs heat.
(b) A safety shutoff valve responding to pressure varia-

tions in a hydraulic or pneumatic remote control system
shall close upon failure of pressure in the control system.
(c) The pressure rating of the safety shutoff valve shall

not be less than the maximum pump pressure.
(d) Safety shutoff valves shall have a shutoff time not to

exceed that shown in Table CF-460-1.

CF-470 Oil-Fired Boiler Units, Purging

Preignition purging and postpurge of the combustion
chamber and flue passages shall be provided as
follows (see Table CF-460-1):
(a) For boiler units that have a maximum fuel input

rating greater than 3 gph (11.4 L/h) and less than or
equal to 7 gph (26.5 L/h), no purge is required.

(b) For boiler units that have a maximum fuel input
rating greater than 7 gph (26.5 L/h) and less than or
equal to 20 gph (75.7 L/h), and where the oil pump is
driven independently of the burner fan motor, a purge
shall provide no fewer than either

(1) four air changes within 90 sec, or
(2) four air changes at not less than 60% damper

opening with both damper opening and air flow proven
(c) For boiler units that have a maximum nameplate

fuel input rating greater than 20 gph (75.7 L/h), a
purge shall provide

(1) four air changes at not less than 60% damper
opening with both damper opening and air flow
proven and

(2) a minimum postpurge of 15 sec
(d) Boiler units that have a minimum nameplate fuel

input rating less than or equal to 35.7 gph (135 L/h)
utilizing burners labeled and listed and designed with
a fixed mechanical stop to prevent the damper from
going below an air flow rate at least equivalent to that
provided for combustion at 60% of the rated high-fire
input are exempt from proving damper opening.

CF-480 Combustion Air Proving

Oil-fired boiler units having forced or induced draft
fans, or both, shall comply with one of the following
for safety shutdown and lockout, or recycle, as applicable
(refer to Table CF-460-1):
(a) Combustion air proving shall be provided for units

having inputs greater than 3 gph (11.4 L/h) and less than
or equal to 20 gph (75.7 L/h), if the fan is not integral with
the burner motor shaft.
(b) Loss of combustion air shall result in safety shut-

down and lockout, or recycle, for units having inputs
greater than 3 gph (11.4 L/h) and less than or equal
to 20 gph (75.7 L/h).
(c) Loss of combustion air shall result in safety shut-

down and lockout for units having inputs greater than
20 gph (75.7 L/h).

CF-500 OIL-FIRED BOILER UNITS, SAFETY
CONTROLS

CF-510 Primary Safety Control

(a) Eachmain burner assembly shall be equipped with
a primary safety control that will de-energize the shutoff
means upon loss of flame at the point of supervision.
(b) The response time of the primary safety control to

de-energize or deactivate the shutoff device shall not
exceed the values shown in Table CF-460-1.
(c) Primary safety controls shall be labeled and listed.
(d) The main burner flame-establishing period shall

not exceed the values shown in Table CF-460-1.
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(e) Primary safety controls shall require local manual
intervention by an operator or service technician to reset.
Devices that can electrically reset without local manual
intervention, such as when power or control input to
the device is interrupted and then restored, shall not
be permitted.

CF-520 Automatic Ignition Devices

(a) Where automatically ignited pilots are used, the
pilot flame shall be proved prior to energizing the
main fuel supply means. Fuel to pilots shall be automa-
tically shut off if the pilot is not proved.
(b) The pilot type and flame-establishing period shall

meet the provisions shown in Table CF-460-1.
(c) The application of direct spark ignition systems is

limited to boiler units having initial inputs less than or
equal to 20 gph (75.7 L/h).
(d) The fuel train to pilots shall meet the applicable

provisions of this Standard.

CF-530 Action on Flame Failure

Loss ofmain flame shall result in safety shutdown for all
oil-fired boiler units (refer to Tables CF-110-2 and
CF-460-1). In addition, oil-fired boiler units shall also
comply with one of the following for relight, recycle, or
lockout as applicable:
(a) Relight, if initiated within 0.8 sec of loss of flame, is

permitted for units having inputs less than or equal to
3 gph (11.4 L/h) and using an interrupted pilot or
direct ignition system.
(b) Lockout is required for units having inputs greater

than 3 gph (11.4 L/h) and less than or equal to 20 gph
(75.7 L/h). However, recycle is permitted if a
maximum 4 sec flame failure response time is used.
(c) Lockout is required for units having inputs greater

than 20 gph (75.7 L/h).

CF-540 Automatic Stack Dampers

When an automatic stack damper is used, the following
criteria shall apply:
(a) The automatic stack damper shall be labeled and

listed for the intended application by a nationally recog-
nized testing agency.
(b) A means shall be provided to open such automatic

stack damper to the high fire position or full open position
before each light off cycle is initiated and before the
prepurge period begins.
(c) Dampers shall be interlocked with the burner

control system so that the damper is proven to be in
high fire position or full open position during the
purge cycle operation. The interlock shall be placed on
the driven member.

(d) If a postpurge period is required or implemented, a
means shall be provided to open the automatic stack
damper to the high fire position ormaintain the automatic
stack damper in the previous firing position.
(e) Dampers used for open-closed function shall main-

tain the damper in the high fire position or full open posi-
tion during combustion.

CF-600 LOW FIRE START, GAS- OR OIL-FIRED
BOILER UNITS

CF-610 Low Fire Start

Boiler units having inputs greater than 2,500,000 Btu/
hr (733 kW) (gas-fired) or a maximum fuel input rating
greater than 20 gph (75.7 L/h) (oil-fired) shall be
equipped with an interlocked damper to provide for
low fire starts. However, boiler units that are labeled
and listed shall be accepted without such interlocking
controls.

CF-700 COMBINATION GAS- AND OIL-FIRED
UNITS

CF-710 ð24ÞBurner Assemblies

Burner assemblies having gas inputs greater than
400,000 Btu/hr (117 kW) and oil inputs that have a
maximum fuel input rating greater than 3 gph
(11.4 L/h) shall comply with the provisions of Part CF.
Burner assemblies (including emissions reduction
systems incorporating flue gas recirculation), as part of
a boiler unit or separately, shall be labeled and listed
by a nationally recognized testing agency or other certi-
fying organization that is acceptable to the authority
having jurisdiction as complying with
(a) UL 295 or UL 795
(b) UL 296 or UL 726
(c) UL 2096

CF-800 ELECTRICALLY HEATED BOILERS

CF-810 ð24ÞGeneral

Electrically heated boilers for steam or hot water
service in sizes greater than 115 kW (approximately
400,000 Btu/hr) shall comply with the following provi-
sions:
(a) Electric resistance-type boilers shall be labeled and

listed to UL 834.
(b) Electrode-type boilers shall be properly grounded

and conform to the requirements of NFPA 70.
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CF-900 COMBUSTION SIDE CONTROLS FOR
MODULAR BOILERS

CF-910 Gas Modular Boilers

The modules of gas modular boilers shall comply with
CG-140(a).
Boiler units with field-installed gas burner assemblies

and boiler units that do not complywith ANSI Z21.13/CSA
4.9 shall comply with the provisions for purging, safety
control timing, action on flame failure, loss of combustion
air, combustion air proving, and fuel supervision given in
Table CF-110-1 or Table CF-110-2, as applicable.

CF-920 Oil Modular Boilers

The modules of oil modular boilers shall comply with
CG-140(b).
Boiler units with field-installed oil burner assemblies

and boiler units that do not comply with UL 726 shall
comply with the provisions for purging, safety control
timing, action on flame failure, loss of combustion air,
combustion air proving, and fuel supervision given in
Table CF-460-1.

CF-930 Electric Modular Boilers

The modules of electric modular boilers shall comply
with CG-140(c).

CF-1000 Requirements for the Use of Variable
Frequency Drives (VFD)

CF-1010 VFD Used on Combustion Air Fan

Boiler units that use a variable frequency drive (VFD) to
vary the speed of the combustion air fan or blower shall
comply with the following provisions:

(a) During prepurge and postpurge periods, the fan or
blower shall provide the full purge requirement as speci-
fied inTable CF-110-2, Table CF-163-1, or Table CF-460-1,
as applicable.
(b) If the VFD is used to modulate the fan or blower

speed in response to changing fuel inputs, the VFD
shall respond to the combustion control system as part
of the fuel-air-ratio control system.
(c) An independent feedback signal shall be used to

verify the fan or blower speed.
(d) The independent feedback signal and the fuel-air-

ratio control system shall be labeled and listed for the VFD
application by a nationally recognized agency.
(e) Direct coupled fanor blower arrangementsmayuse

motor speed as a measure of the fan/blower speed.
(f) Errors between the directed fan or blower speed

signal and the independent feedback signal of actual
speed or air flow shall result in a safety shutdown.
(g) VFD shall not be used in applications where the

combustion air fan or blower motor is used to operate
other fuel-burning support equipment such as the oil
pump or the atomizing air compressor.

CF-1011 Exceptions. The following exceptions are
noted:
(a) CF-1000 does not apply tomodulating controls that

are certified as part of boiler units that are labeled and
listed by a nationally recognized testing agency or
other organization that is acceptable to the authority
having jurisdiction.
(b) CF-1000 does not apply to ratio-regulator controls.
(c) CF-1000 does not apply to VFD applications that do

not vary fan or blower speed in relation to firing rate or
changes in firing rate.

ASME CSD-1–2024

34

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


NONMANDATORY APPENDIX A
COMPARISON OF THIS STANDARD AND ANSI Z21.13/CSA 4.9

Where permitted in this Standard, boilers listed and
labe led as in compl iance wi th ANSI Z21 .13/
CSA 4.9 meet the requirements of this Standard when
additional trim equipment is installed.
ANSI Z21.13/CSA 4.9 is a construction and perfor-

mance-based standard for gas-fired, low-pressure
steam and hot water boilers that requires testing and
design certification of boiler burner units by a nationally
recognized testing laboratory. One of the major differ-
encesbetween the twostandards is theautomatic ignition,
maximum safety control timing table. The ignition timing
table as shown in ANSI Z21.13/CSA 4.9 reflects a wide
range of ignition controls and timing sequences. This
permits the greatest flexibility in design parameters;
however, all boiler burner units must comply with the
performance tests to obtain certification. These perfor-
mance tests include testing under normal and abnormal
operating conditions (e.g., delayed ignition, temperature
ranges, voltage variations, etc.). As a result, most boiler
burner units listed as in compliance with ANSI Z21.13/
CSA 4.9 generally have shorter ignition timings than
the maximum times allowed by ANSI Z21.13/CSA 4.9.
All boiler burner units listed and labeled under

ANSI Z21.13/CSA 4.9 must be accompanied with installa-
tion instructions referring the installer to this Standard
where jurisdictions require that the installation
conform to this Standard. The instructional requirements
of ANSI Z21.13/CSA 4.9 are a mandatory part of the stan-
dard.
This Standard is a design-based standard for controls

and safety devices for automatically fired boilers, which
includes high- and low-pressure boilers that are gas, oil, or
electrically fired. The automatic ignition and maximum
safety control timings are generally shorter, as no labo-
ratory certification testing of the boiler unit is required.
This Standard requires the manufacturers of controls and
safety devices to provide detailed instructions for testing,
maintenance, and service procedures of controls and
safety devices installed on boiler units covered by this
Standard. This Standard requires the operation of
control systems and safety devices be tested by the instal-
ling contractor prior to release to the owner/user. All
controls and safety devices covered by this Standard
must be accepted and listed for the intended service
by a nationally recognized testing agency, such as, but
not limited to, CSA, FM, or UL.
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NONMANDATORY APPENDIX B
TYPICAL FUEL TRAINS

Table B-1 lists Figures B-1 through B-8 with properties
as specified. Figure B-9 shows sizing of manifolded lines,
and Figure B-10 shows safety shutoff valve arrangements.

Table B-1
Figure Index

Figure Burner Type Ignition Type Fuel Burner Pressure Input Range, Btu/hr
B-1 Atmospheric Piloted Gas Positive 400,000 < input ≤ 2,500,000
B-2 Power Piloted Gas Positive 400,000 < input ≤ 2,500,000
B-3 Power Direct Gas Positive 400,000 < input ≤ 2,500,000
B-4 Power Piloted Gas Positive 2,500,000 < input ≤ 5,000,000
B-5 Power Piloted Gas Positive 5,000,000 < input < 12,500,000
B-6 Power Piloted Gas Negative 400,000 < input < 12,500,000
B-7 Power Direct Gas Negative 400,000 < input < 12,500,000
B-8 Power Piloted Oil N/A 3 gph < input ≤ 20 gph
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Figure B-1
ð24ÞTypical Gas Fuel TrainWith Pilot Ignition SystemandAtmospheric Burners [Greater Than400,000Btu/hr (117 kW) and

Less Than or Equal to 2,500,000 Btu/hr (733 kW)]

M

F A

A

R

R

G

G

S

C

C

S

A M

To atmosphere

To atmosphere

To atmospheric
burner tubes

To pilot burner

Sediment trap

Gas input
S

T
[Note (2)]

J [Note (1)]

Legend:
A = manually operated shutoff valve
C = orifice
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R = pressure regulator
S = safety shutoff valve
T = safety shutoff valve with proof of closure

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — T may be used in place of two S-type valves.
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Figure B-2
ð24Þ Typical Gas Fuel Train With Pilot Ignition System [Greater Than 400,000 Btu/hr (117 kW) and Less Than or Equal to

2,500,000 Btu/hr (733 kW)]
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Legend:
A = manually operated shutoff valve
B = firing rate valve
C = orifice
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R1 = main gas-pressure regulator
R2 = pilot gas-pressure regulator
S = safety shutoff valve
T = safety shutoff valve with proof of closure
V = main gas-pressure regulator/safety shutoff combination valve
W = main gas-pressure regulator/safety shutoff combination valve with proof of closure

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

ASME CSD-1–2024

38

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


Figure B-2
Typical Gas Fuel Train With Pilot Ignition System [Greater Than 400,000 Btu/hr (117 kW) and Less Than or Equal to

2,500,000 Btu/hr (733 kW)] (Cont’d)

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — T may be used in place of two S-type valves.
(3) Alternate arrangement — W may be used in place of an S-type valve and V-type valve.
(4) Alternate arrangement — R1 may be downstream of two S-type valves or a T-type valve.
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Figure B-3
ð24Þ Typical Gas Fuel Train With Direct Ignition System [Greater Than 400,000 Btu/hr (117 kW) and Less Than or Equal to

2,500,000 Btu/hr (733 kW)]

M

F A

G

E D
BS S

A

To atmosphere

To main
 burner

Sediment trap

Gas input

T

R1

[Note (2)]

M

F A

G

E D
BS

A

To atmosphere

To main
 burner

Sediment trap

Gas input

V

W
[Note (3)]

[Note (4)]

S S

[Note (4)]

T R1

R1

J [Note (1)]

J [Note (1)]

Legend:
A = manually operated shutoff valve
B = firing rate valve
D = high gas-pressure switch
E = low gas-pressure switch
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R1 = main gas-pressure regulator
S = safety shutoff valve
T = safety shutoff valve with proof of closure
V = main gas-pressure regulator/safety shutoff combination valve
W = main gas-pressure regulator/safety shutoff combination valve with proof of closure

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — T may be used in place of two S-type valves.
(3) Alternate arrangement — W may be used in place of an S-type valve and V-type valve.
(4) Alternate arrangement — R1 may be downstream of two S-type valves or a T-type valve.
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Figure B-4
ð24ÞTypical Gas Fuel Train With Pilot Ignition System [Greater Than 2,500,000 Btu/hr (733 kW) and Less Than or Equal to

5,000,000 Btu/hr (1 465 kW)]
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Legend:
A = manually operated shutoff valve
B = firing rate valve
C = orifice
D = high gas-pressure switch
E = low gas-pressure switch
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R1 = main gas-pressure regulator
R2 = pilot gas-pressure regulator
S = safety shutoff valve
T = safety shutoff valve with proof of closure
V = main gas-pressure regulator/safety shutoff combination valve
W = main gas-pressure regulator/safety shutoff combination valve with proof of closure
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Figure B-4
Typical Gas Fuel Train With Pilot Ignition System [Greater Than 2,500,000 Btu/hr (733 kW) and Less Than or Equal to

5,000,000 Btu/hr (1 465 kW)] (Cont’d)

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — T may be used in place of two S-type valves.
(3) Alternate arrangement — W may be used in place of an S-type valve and V-type valve.
(4) Alternate arrangement — R1 may be downstream of two S-type valves or a T-type valve.
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Figure B-5
ð24ÞTypicalGasFuel TrainWithPilot IgnitionSystem[Greater Than5,000,000Btu/hr (1 465kW)andLessThan 12,500,000

Btu/hr (3 663 kW)]
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Legend:
A = manually operated shutoff valve
B = firing rate valve
C = orifice
D = high gas-pressure switch
E = low gas-pressure switch
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R1 = main gas-pressure regulator
R2 = pilot gas-pressure regulator
S = safety shutoff valve
T = safety shutoff valve with proof of closure
W = main gas-pressure regulator/safety shutoff combination valve with proof of closure

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — R1 may be downstream of an S-type valve and T-type valve.
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Figure B-6
ð24Þ Typical Gas Fuel Train With Pilot Ignition System and Negative (Zero Governor) Main Manifold Gas Pressure [Greater

Than 400,000 Btu/hr (117 kW) and Less Than 12,500,000 Btu/hr (3 663 kW)]
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Legend:
A = manually operated shutoff valve
C = orifice
D = high gas-pressure switch (if required)
E = low gas-pressure switch
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
R = pilot gas-pressure regulator
S = safety shutoff valve
X = combination safety shutoff valve with negative pressure (zero governor) regulator
Y = combination redundant safety shutoff combination valve with negative pressure (zero governor) regulator

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — Y may be used in place of an S-type valve and X-type valve.
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Figure B-7
ð24ÞTypical Gas Fuel TrainWith Direct Ignition System andNegative (Zero Governor)MainManifold Gas Pressure [Greater

Than 400,000 Btu/hr (117 kW) and Less Than 12,500,000 Btu/hr (3 663 kW)]
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Legend:
A = manually operated shutoff valve
D = high gas-pressure switch (if required)
E = low gas-pressure switch
F = gas filter or strainer (if required)
G = relief valve (if required)
J = leakage test port or manual test valve (if required)
M = pipe cap
S = safety shutoff valve
X = combination safety shutoff valve with negative pressure (zero governor) regulator
Y = combination redundant safety shutoff combination valve with negative pressure (zero governor) regulator

GENERAL NOTE: Since boiler design may vary, ANSI Z21.13/CSA 4.9 does not contain a typical fuel train; however, through laboratory testing
procedures, ANSI Z21.13/CSA4.9 does determine that safe lighting of the boilerwill be accomplished. This Standard illustrates a typical fuel train
for boilers. The specific fuel train diagram for boilers complying with ANSI Z21.13/CSA 4.9 is supplied in the boiler manufacturer’s instructions.

NOTES:
(1) Test port with cap or plug shown as an example of a provision to test for seal leakage from each safety shutoff valve independently.
(2) Alternate arrangement — Y may be used in place of an S-type valve and X-type valve.
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Figure B-8
Typical Oil Fuel Train
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 connection
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 connection

Legend:
P = fuel pump
R = shutoff valve and/or pressure relief valve
S = fuel strainer
T = oil temperature interlock switch (if required)
U = oil pressure interlock switch (if required)
V = safety shutoff valve
W = safety shutoff valve (may be three-way for recirculation)
Y = atomizing media supply pressure interlock switch (if required)

Figure B-9
Example for Sizing of Manifolded Lines
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D

E

F

G

GENERAL NOTES:
(a) H is a manifolded line, and its size is based on G + 50% of E + 50% of F + 50% of D. The pipe diameters of A and B are not considered.
(b) D is a branch line to H, but it is also a manifolded line for A and B. Thus, the diameter of D is A + 50% of B.

ASME CSD-1–2024

46

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME C
SD-1 

20
24

https://asmenormdoc.com/api2/?name=ASME CSD-1 2024.pdf


Figure B-10
Typical Gas Fuel Train Safety Shutoff Valve Arrangements forMultiple-Burner Boiler Units ComplyingWith CF-180(b)

(a) Option 1

(b) Option 2

S S

T

T

S S

Legend:
S = safety shutoff valve
T = safety shutoff valve with proof of closure

GENERAL NOTE: Multiple-burner boiler unit is shown. Total capacity is 5,000,000 Btu/hr or less; individual burner capacity is less than
5,000,000 Btu/hr.
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