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Origin and Development of NFPA 160

NFPA 160, Standard for Flame Effects Before an Audience, was developed by the Technical
Committee on Special Effects, which was established in 1994, in response to a recognized need
for a document to provide guidance to public safety officials, designers, and operators of flame
effects. The purpose of this standard is to provide requirements for reasonable protection for
viewing audiences and performers of flame effects.

For the 2001 edition, the Committee completed a partial revision of the standard. Revisions
included amendments to standardized definitions, harmonization with the pyrotechnics special
effects document, and editorial changes according to the Manual of Style for NFPA Technical
Committee Documents.

The 2006 edition represents a complete revision of the standard by the Committee. Key
changes found in the new edition include revisions to Chapter 3, Definitions; clarification of
the document applicability by modifying the document title; definitions for temporary and
permanent installations to correlate with the effect classifications based upon those terms; a
new requirement for inspection intervals; and a new Annex C on inspection guidelines.

This edition of the standard also incorporates editorial changes according to the Manual of
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NFPA 160
Standard for the
Use of Flame Effects Before an Audience
2006 Edition

IMPORTANT NOTE: This NFPA document is made available for use subject to important
notices and legal disclaimers. These notices and disclaimers appear in all publications
containing this document and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Documents.” They can also be obtained on request from
NFPA or viewed at www.nfpa.org/disclaimers.

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

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

Chapter 1 Administration

1.1* Scope.

This standard shall provide requirements for the protection of the audience, support personnel,
performers, the operator, assistants, and property where flame effects are used.

1.2 Purpose.

The purpose of this standard shall be to provide minimum requirements for the design,
manufacture, and operation of flame effects.

1.3 Application.

1.3.1* This standard shall apply to flame effects for entertainment, exhibition, demonstration,
or simulation before an audience, including their design, fabrication, installation, testing,
control, operation, and maintenance.

1.3.2 This standard shall apply to the following:
1) Use of flame effects before an audience (see 3.3.11, Flame Effect)

(2 Design, fabrication, installation, testing, control, operation, and maintenance of
equipment, materials, procedures, and systems used to produce flame effects

3) Rehearsal, videotaping, audiotaping, or filming of any television, radio, or movie
production if such production is before an audience and includes the use of flame
effects

4) Rehearsal of any production incorporating flame effects intended to be presented before
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an audience

(5) Storage and holding at a venue where flammable and combustible materials are to be
used to create flame effects

1.3.3 This standard shall not apply to the following:

1) Flame effects produced solely by pyrotechnic special effects devices

(2)*  Use of pyrotechnic special effects

(3)* Storage of flammable solids, liquids, and gases not to be used to create flame effects

4) Manufacture, off-site storage, and transportation of materials and equipment used to
produce flame effects

(5) Use of flame effects in fire training, except where there is an audience that is not part of
the training

(6)* Manufacture, transportation, storage, sale, or use of model or high-power rocket motors
@) Traditional nontheatrical public display of flames such as the following:
(a) Use of lighted candles in restaurants or religious services
(b) Fireplaces in areas open to the public
(c) Restaurant cooking visible to the patrons
(d) Listed Group Il flame effects
(8) Use of consumer fireworks by the public
9) Use of motor vehicles in races or sanctioned competitive sporting events

1.3.4* This standard shall not be used as a product standard.

1.4 Retroactivity.

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

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

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

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

1.5 Equivalency.

Nothing in this standard is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety over
those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the authority having jurisdiction to
demonstrate equivalency.

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

Chapter 2 Referenced Publications

2.1 General.

The documents or portions thereof listed in this chapter are referenced within this standard and
shall be considered part of the requirements of this document.

2.2 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169-7471.
NFPA 10, Standard for Portable Fire Extinguishers, 2002 edition.

2.3 Other Publications.

2.3.1 ASME Publication.

American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990.
ASME Boiler Pressure Vessel Code, 1992.

2.3.2 Other Publication.

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

2.4 References for Extracts in Mandatory Sections. (Reserved)

Chapter 3 Definitions
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3.1 General.

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

3.2 NFPA Official Definitions.
3.2.1* Approved. Acceptable to the authority having jurisdiction.

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

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

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

3.2.5 Shall. Indicates a mandatory requirement.

3.3 General Definitions.

3.3.1 Accumulator. A container or piping that holds a predetermined volume of fuel that is
ready for use in a flame effect.

3.3.2 Area.
3.3.2.1 Hazard Area. The area made hazardous by the operation of the flame effect.

3.3.2.1.1 Accessible Hazard Area. That area made hazardous by the flame effect that is
normally accessible to a person without the deliberate use of an additional means of access that
is not normally in place.

3.3.2.2 Holding Area. An area where flame effect material or loaded flame effect devices are
held prior to use.

3.3.2.3 Storage Area. An area where flame effect material or flame effect devices are stored
prior to use or movement to a holding area.
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3.3.3* Arm. That sequence of control system functions for the establishing of a source of
ignition that must be complete and verified immediately before the firing of the flame effect.

3.3.4 Cast Members. Performers involved in a production involving the use of flame effects
that may or may not be employees. (Many amusement employees are also referred to as “cast
members.”)

3.3.5 Direct Ignition. An automatic or manual ignition system that ignites fuel without a pilot.

3.3.6 Emergency Stop [Emergency Shutdown (ESD) System]. A circuit or other mechanism
that when actuated, results in the complete shutdown and extinguishment of all flame effects
that are controlled by it.

3.3.7* Enable. The final set of control system functions that must be verified to be in a specific
control mode immediately before the arming and firing of a flame effect may be implemented.

3.3.8 Enable Button. The control operator that is manually actuated by the operator prior to
and during the arming and firing of the effect.

3.3.9 Fail-Safe. A state or an attribute of a system such that every single point failure in the
system results in all controlling parts of the system with the ability to do harm to humans,
animals, or equipment being disconnected from all sources of power and stored energy at the
primary disconnect point.

3.3.10* Fire. The sequence of control system functions that result in the deliberate release of
fuel for ignition.

3.3.11 Flame Effect. The combustion of flammable solids, liquids, or gases to produce
thermal, physical, visual, or audible phenomena before an audience.

3.3.11.1 Automatic Flame Effect. A flame effect that is supervised and fired by an automatic
control system.

3.3.11.2 Manual Flame Effect. A flame effect that is operated manually without the use of an
automatic control system.

3.3.11.3 Portable Flame Effects. Flame effects that are designed and installed, either in a
permanent or temporary installation, that are designed to move or be moved, in the course of
operation or installation.

3.3.12 Flame Effect Appliance. The complete assembly of components and devices that
controls and generates a flame effect.

3.3.13 Flame Effect Assistant. A person who works under the supervision of the flame effect
operator.

3.3.14 Flame Effect Burner. A burner designed to produce specific sizes and configurations of
flames for flame effects.

3.3.15 Flame Effect Material. A flammable material that is used as fuel to create a flame
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effect.

3.3.16 Flame Effect Operator. The single person with overall responsibility for flame effect
operations and safety.

3.3.17 Flame Effect Safety Controller. A control system that is part of a flame effect
appliance that is used to prove that the source of ignition is present (“flame safeguard control”).

3.3.18* Flame Effect System. The complete assembly of interconnected components, devices,
and/or appliances that provides all of the functions necessary to fuel, monitor, supervise,
generate, and control flame effects, including the emergency shutdown of the flame effects and,
where necessary, the monitoring of external conditions that affect operation.

3.3.19* Flame Effect Systems, Classifications.
3.3.19.1 Group | Flame Effect. An attended, manually controlled flame effect.

3.3.19.2 Group Il Flame Effect. An individual or group flame effect designed for unattended
operation that is temporarily or permanently installed outside any structure.

3.3.19.3 Group I11 Flame Effect. An attended, temporarily installed flame effect for a specific
production with limited operation and fixed time for removal.

3.3.19.4 Group IV Flame Effect. A large individual or group flame effect that is permanently
installed inside or outside any structure designed for unattended operation without a main show
supervisory control system.

3.3.19.5 Group V Flame Effect. A large individual or group flame effect that is temporarily or
permanently installed inside or outside any structure and is designed for intermittent or
continuous operation under the supervision of a main show control system but without full-time
supervision by a technician.

3.3.19.6 Group VI Flame Effect. A large individual or group flame effect that is temporarily
or permanently installed inside or outside any structure and is designed for intermittent
operation under the supervision of a main show control system and a technical director, with
cast members in close proximity to the effect at the time of operation.

3.3.19.7 Group VII Flame Effect. An individual flame effect that can be temporarily or
permanently installed inside or outside any structure that, due to its unique operating
requirements, does not fit into any other classification.

3.3.20 Installation, Term of.

3.3.20.1 Permanent Installation. An installation of flame effects for which the governing use
permit has a duration longer than 180 days.

3.3.20.2 Temporary Installation. An installation of flame effects for which the governing use
permit has a duration of 180 days or less within a twelve-month period in a single venue.

3.3.21 Permit. A document issued by the AHJ for the purpose of authorizing performance of a
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specified activity. Unless otherwise specified, the word permit, when used in this document,
refers to a use permit.

3.3.21.1 Use Permit. A document issued by the AHJ for the purpose of authorizing the use of
specific flame effects in a specific venue on a specified date and time or within a specified
period.

3.3.22 Plan.

3.3.22.1 Design Plan. The plan for a flame effect appliance or design that presents the design
criteria and/or assumptions used in the design, along with complete design information.

3.3.22.2 Flame Effect Plan. The document that is used to convey to the AHJ the information
needed to evaluate the flame effect for the purpose of applying for a permit.

3.3.23* Primary Safety Control. A control with a sensor that is directly responsive to the
ignition device attributes necessary for the safe operation of the effect.

3.3.24 Proven Pilot. A pilot flame supervised by a primary safety control.

3.3.25 Rated. A description of performance derived from testing or evaluation that guides
appropriate selection, installation, and use of equipment that is not listed.

3.3.26* Safety Shutdown (Lockout). The safe shutdown of the flame effect in the event of the
actuation of any flame effect primary safety control or limit switch.

3.3.27 Safety-Critical. The failure of a device, component, system, or mechanism, which
results in a situation that is immediately dangerous to life, health, or property.

3.3.28 Supervisory Cock. A manually actuated valve with two double-pole, double-throw
switches that prove the valve position.

3.3.29* Supervisory Control System. A manual or automatic control system that supervises
the operation of the flame effect.

3.3.30 Valve.

3.3.30.1 Accumulator Charge Valve. A valve used to control the flow of fuel into an
accumulator.

3.3.30.2 Effect Valve. The last fuel shutoff valve before the flame effect burner.

3.3.30.3 Proof-of-Closure Valve. A safety shutoff valve equipped with an interlock switch that
is actuated only when the valve is fully closed.

3.3.30.4 Safety Shutoff Valve. A fast-closing valve that automatically and completely shuts
off the fuel supply in response to a normal or safety shutdown.

3.3.30.5 Vent Valve. A normally open, power-closed valve, normally located between the two
safety shutoff valves.

3.3.31* Venue. The property, facility, building, or room within a building where flame effects
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are used, intended to be used, or are prohibited.

Chapter 4 Holding Areas for Flame Effect Materials and Devices |

4.1* General.

All flame effect materials and devices not connected for use shall be stored in accordance with
applicable codes and standards and any state and local regulations.

4.2 Holding Areas.

All flammable flame effect materials and loaded devices that have been removed from storage
areas in anticipation of use shall be stored in a holding area acceptable to the authority having
jurisdiction.

4.2.1 Quantity Limitations.

4.2.1.1 The maximum quantity of flammable flame effect materials and loaded devices stored
in a holding area shall be that quantity used in one day.

4.2.1.2 Quantities of flammable flame effect materials and devices in excess of those used in
one day shall be permitted to be stored in holding areas with the approval of the authority
having jurisdiction.

4.2.2 Flammable flame effect materials and loaded devices in holding areas shall be secured or
supervised continuously by an attendant trained in emergency response procedures.

Chapter 5 Permit and Approval Requirements and Terms of
Installation

5.1 Permit Requirements.

5.1.1* Permit Required. Except when otherwise required by the jurisdiction, a use permit
shall be required for the use of flame effects before an audience.

5.1.2* Terms of Installation.

5.1.2.1 Permanent Installation. An installation of flame effects for which the governing use
permit has a duration longer than 180 days shall be considered a permanent installation.

5.1.2.2 Temporary Installation. An installation of flame effects for which the governing use
permit has a duration of 180 days or less within a 12-month period in a single venue shall be
considered a temporary installation.

5.1.3 Use Permits.
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5.1.3.1 A use permit shall authorize the use of only the number and types of flame effects in
the venue as specified in the flame effect plan, as described in Section 5.3.

5.1.3.2 Use permits shall have a specified expiration date.

5.1.3.2.1 Use permits for temporarily installed flame effects shall specify the date(s) and
time(s) of use and the expiration date of the permit.

5.1.3.2.2 Use permits for permanently installed flame effects shall specify the duration and
expiration date of the permit.

5.1.3.3 Any activity authorized by the use permit shall be conducted by the permittee or the
permittee's agents or employees in compliance with all requirements of this standard applicable
thereto and in accordance with the approved plans and conditions.

5.2 Approval Requirements.

5.2.1 Prior Approval Required. Other than during the flame effect demonstration, as
described in Section 5.4, the use of all flame effects shall be first approved by the authority
having jurisdiction.

5.2.2 Approval of Flame Effect Plan. A plan for the use of flame effects shall be submitted to
the authority having jurisdiction for approval.

5.2.2.1 After a flame effect plan has been approved, the plan shall be maintained to be readily
accessible at the venue and shall be subject to inspection as specified by the authority having
jurisdiction.

5.2.2.2* If any addition or modification of flame effects to that described in the approved plan
is made, that addition or modification shall be approved by the authority having jurisdiction
prior to use of the modified flame effects.

5.3* Content of Flame Effect Plans.
5.3.1 Flame Effect Plan Requirements.

5.3.1.1 The plan for the use of flame effects shall be submitted in writing or other form
acceptable to the authority having jurisdiction.

5.3.1.2 The plan shall include the following:

(1)  The name of the person, group, or organization responsible for the production
2) The dates and times of the production

3) The location of the production

4) The criteria in Annex B

(5) The flame effect classification
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(6) A site plan showing the following:
(@ A narrative description of the flame effect

(b) The location of flame effect devices to be fired and their controls and control
sequence

(c) The area affected by the flame effect device

(d) The location of the audience

(e) The fuels used and their estimated consumption

()  Air for combustion and ventilation for indoor effects
(g) Flammable materials piping

(h) Storage and holding areas and their capacities

(i) Supplemental fire protection features

(1) Emergency response procedures

(k) Means of egress

@) A current material safety data sheet (MSDS) for the materials (fuels) consumed in the
flame effect

(8) Documentation that the combustible materials used for construction of the flame effects
have been rendered flame retardant

9) The name of the effect operator

5.3.2 The operator shall make operating instructions for flame effects available to the authority
having jurisdiction.

5.4 Flame Effect Demonstration.

5.4.1 When required, a walk-through and a representative demonstration of the flame effects
shall be provided to the authority having jurisdiction before flame effects are approved.

5.4.2 The demonstration shall be scheduled with sufficient time to allow resetting of the flame
effects prior to the arrival of the audience.

5.5 Interruption of Fire Protection and Life Safety Systems During Flame Effect
Demonstrations and Operations.

Fire protection and life safety systems shall not be permitted to be interrupted during the
operation of flame effects.

5.5.1 Portions of fire protection and life safety systems shall be permitted to be interrupted
during the operation of temporary indoor flame effects when the following conditions are met:
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1) Approval of the authority having jurisdiction is received.
(2)  Approval of the owner or owner's agent is received.

(3)* An approved fire watch capable of directing the operation of all fire protection and life
safety systems installed in the building is present.

5.5.2 Fire protection and life safety systems shall be permitted to be interrupted during the
operation of permanently installed indoor flame effects only for initial acceptance of the
system.

Chapter 6 Documentation of Flame Effects

6.1 General.

6.1.1 All flame effect devices and materials shall have drawings, manuals, or written
descriptions to describe the type of item and performance specifications of the flame effect
created.

6.1.2 This documentation shall be on site and available to the authority having jurisdiction.

6.2 Operating Procedures.

6.2.1 All flame effects shall have written operating instructions including start-up, show
operations, normal shutdown procedures, and emergency shutdown procedures.

6.2.2 Operating instructions shall be available to the operator.

Chapter 7 Use of Flame Effects

7.1* Testing and Evaluation.

7.1.1 Flame effects shall be inspected on an interval acceptable to the authority having
jurisdiction.

7.1.2 Flame effects shall be tested to verify that they operate in accordance with their designs.

7.1.3 Flame effects shall be evaluated to verify that operators, performers, and the audience are
not exposed to a hazardous situation when the flame effects are activated as designed or
anticipated.

7.2 Housekeeping.

The premises where flame effect devices are installed or fired shall be maintained in a neat and
orderly condition.
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7.3 Site Inspection.

The flame effect operator shall inspect all areas of the site where flame effect materials and
devices are ignited before start-up and after shutdown.

7.4 Smoking.
7.4.1 Smoking shall be prohibited in the area where fuels used in flame effects are present.

7.4.2 Smoking by performers as part of the performance shall be permitted where approved by
the authority having jurisdiction.

7.5 Rehearsal and Pre-Show Operations.

7.5.1 The flame effect operator shall advise all performers and support personnel that they are
exposed to a potentially hazardous situation when performing or otherwise carrying out their
responsibilities in the vicinity of a flame effect.

7.5.2 Performers and support personnel familiar and experienced with the flame effects being
used shall be permitted to be in the area of a flame effect, but only voluntarily and in the
performance of their duties.

7.6 Show Operations.

Show operations shall be in accordance with the plan approved by the authority having
jurisdiction.

7.7 Post-Show Operations.

Post-show operations shall be in accordance with the plan approved by the authority having
jurisdiction.

7.7.1 Fire and life safety systems that have been interrupted shall be restored immediately after
completion of the flame effect.

7.7.2 When restoration of fire and life safety systems is necessary, it shall be conducted by a
person trained in the operation of all aspects of the systems.

7.8 Maintenance.

Flame effect systems shall be maintained to design specifications.

7.9 Emergency Operations.

Emergency operations shall be in accordance with the plan approved by the authority having
jurisdiction.

7.10 Protective Clothing.
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7.10.1 The flame effect performers, operators, and assistants shall be protected by clothing or
other means suitable for their exposure to flame effects.

7.10.2 Protective clothing requiring fire resistance shall be tested and demonstrated to be flame
retardant, and documentation shall be furnished to the authority having jurisdiction upon
request.

7.10.3 Bare skin (naked) shall be permitted when the illusion of danger is implicit in the visual
effect desired by the performer.

7.11 Security.

7.11.1 A means shall be provided to render installed flame effect systems inoperative when not
in use.

7.11.2 Portable flame effects shall be stored and secured when not in use.

Chapter 8 Flame Effect Operator

8.1* Operator Qualifications.

8.1.1 The operator of any flame effect shall understand and be familiar with the operating
manual or instructions.

8.1.2 The operator shall demonstrate competency by experience and training or by holding a
license acceptable to the authority having jurisdiction.

8.2 Operator Responsibilities.

The flame effect operator shall be responsible for storage, setup, operations, and teardown of
all flame effect materials, devices, equipment, systems, and supervision of assistants.

8.3 Substance Abuse and Safety.

No person shall use or handle flame effect materials or devices under the influence of the
following:

1) Intoxicating beverages
(2 Narcotics or controlled substances

3) Prescription drugs and/or nonprescription drugs that can impair judgment

8.4* Minimum Age.

All flame effect operators shall be at least 21 years of age.

Copyright NFPA



Chapter 9 System Components, Flame Effect Control Systems, and
Design

9.1 General Requirements for Flame Effect Control System Design.

9.1.1 All flame effect control systems shall be designed and installed to prevent accidental
firing and unintentional release of fuel.

9.1.2 All Group Il through Group VII control systems shall be designed to ensure against
accidental firing by providing at least a removable activator, keyswitch, or coded arming
system in which no control power can be applied to any control system unless the operator
intentionally does both of the following:

1) Deliberately applies control power
2) Enables or arms the control system
9.1.3 Control System Attendance Requirements.

9.1.3.1 Any Group Il, Group VI, or Group VII flame effects control systems shall not be left
unattended while connected to a fuel source.

9.1.3.2 Control systems that are disconnected from their power source or de-energized by
means of a removable activator, keyswitch, or coded arming system shall be permitted to be
left unattended while connected to a fuel source.

9.1.4 Control System Operation.

9.1.4.1 All flame effect control systems shall be designed to implement the following
functions:

1) Emergency stop capability

2 Fuel management

3) Controlled enabling of flame effect

4) Controlled arming of flame effect

(5) Controlled and repeatable firing of flame effect

9.1.4.2 The flame effect plan submitted for approval to the authority having jurisdiction shall
indicate the means of providing for these requirements.

9.1.5 Flame effect control system components shall be listed.
9.1.5.1 Where listed devices are not available, approved devices shall be permitted.

9.1.6 Control system components and protective devices, including sensors, valves, and
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switches, shall be located so that they are protected against physical damage and tampering,
and so they can be serviced and maintained.

9.2* Specific Requirements for Flame Effect Control System Design and Operation, by

Group.

Control systems for each flame effect group shall be in accordance with Table 9.2.

Table 9.2 Group Control Functions Required

Flame Effect
Group

Control Type

Minimum Control Requirements

VI

VII

Manual controls
Automatic controls

Automatic controls

Automatic controls

Automatic controls

Automatic controls

Manual or
automatic controls

No automatic controls shall be required.

Ignition supervision shall be provided.

Automatic shutoff shall follow failure.

Manual operation of the effect valve shall be permitted.

If the operator cannot confirm the pilot or direct ignition source for th
flame special effect, a primary safety control shall be installed.

Two fuel shutoff valves shall be provided, installed in series, one of
which will be a safety shutoff valve.

Primary limit device(s) shall be installed as required.

A fuel supervisory station shall be installed with fuel pressure limit
switches to control the supervisory station valves.

Each flame effect burner shall be equipped with a primary safety
control and an effect valve.

A flame effect safety control system that is capable of safely operating
the entire flame effect consistently for repeated cycles shall be used.
The requirements for Group IV shall apply.

A flame effect safety control system that is capable of safely operating
the entire flame effect consistently that is sequenced by the main
control system shall be used. The flame effect safety control system
shall maintain all of its internal safety features, with the interface
between the flame effect control system and the main show control
system limited to those commands and status indicators that cannot
alter or override the flame supervisory system control logic.

The requirements for Group V shall apply.

Where cast members are in close proximity to the flame effect, the
flame effect shall be under the active control of a main show control
system and a fail-safe positive manual enable (PME).

Controls shall be as recommended by the designer and acceptable to
the authority having jurisdiction.

9.3 Implementation of the Required Control Functions.

9.3.1* Emergency Stop.
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9.3.1.1 Flame effects shall not be used prior to one of the following conditions being met:
1) Approval of a plan to extinguish the flame effect as required in 9.3.1.4

(2)  Approval of a supervisory control system for the emergency stop and complete
shutdown of the flame effect and any interrelated safety-critical system as required in
9.3.15

9.3.1.2 Interrelated safety-critical system and flame effect control system safety considerations
shall extend to safety-critical effects, allied equipment, and other proximate equipment to avoid
additional or contributory hazards.

9.3.1.3 Where the hazards described in 9.3.1.2 exist, the effects safety controller shall have a
direct validated means of confirming the status or other information from the other systems
before the safety-critical effect is enabled or triggered.

9.3.1.4 Manually controlled flame effects (Group | and manually controlled Group VII) shall
have a plan for the emergency stop and complete shutdown of the operation of the effects
through one or more of the following:

1) Manual fuel shutoff valve(s)

(2 Manual turn-off of control power

3) Fire containment devices

4) Other devices acceptable to the authority having jurisdiction

9.3.1.5 Automatically controlled flame effects (Group 11 through Group VI and automatically
controlled Group VII) shall have provisions for the emergency stop and complete shutdown of
the operation of the effects installed according to the following criteria:

Q) The flame effect control system shall not be capable of operation unless the emergency
stop is reset.

2) The actuation of the emergency stop shall bring the flame effect control system to a safe
state.

3 The emergency stop shall require manual reset.

(4)  The emergency stop shall actuate both manually and automatically upon the detection
of an unsafe condition, including power failure.

(5) The emergency stop shall be fail-safe.

(6)* The emergency stop shall be automatically actuated when a monitored condition
exceeds a preset limit of operation.

9.3.1.6 Manual Emergency Stop Control Stations.

9.3.1.6.1 Manually operated emergency stop control stations shall be clearly identified and
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placed in accessible locations and shall maintain the actuated state until manually reset.
9.3.1.6.2 Operation of a manual emergency stop station shall actuate the emergency stop.
9.3.2 Fuel Management.

9.3.2.1 The fuel supply for the operation of the flame effect shall be only available during
operation.

9.3.2.2 Fuels not provided through a central distribution system and that are supplied to the
flame effect shall be limited to that amount necessary for operation.

9.3.2.3 Minimum tank size for liquefied flammable gas flame effects shall be determined by
the surface area required to prevent reduced fuel delivery to the burner during the effect.

9.3.2.4 Fuel Delivery.

9.3.2.4.1 Fuels delivered through a central distribution system shall be in accordance with the
following:

(1) A manual fuel shutoff valve shall be installed as follows:

(@) Itshall be installed in an accessible location at the point of delivery and upstream
of any other flame effect control system components that, when closed, will shut
off all fuel supplied to the flame effect control system.

(b) Where the point of delivery is outside a building containing the flame effect
control system, the valve shall be located outside of the building.

(2 The following shall apply to fuel pressure:

(@) Where low fuel pressure could cause the flame effect control system to
malfunction, devices to provide low-pressure supervision shall be installed.

(b) Where high fuel pressure could cause the flame system to malfunction, devices to
provide high-fuel-pressure supervision shall be installed.

(3)* A supervisor station shall be installed and shall meet the following criteria:
(@) Itshall be installed downstream of the manual fuel shutoff valve.
(b) It shall shut off all fuel supplied to the flame effect control system when closed.

(c) When opened during the enable process, it shall be held open by a maintained
signal from the flame effect control system.

9.3.2.4.2 The supervisor station shall be provided with a means to test the seat-tightness of the
shutoff valve at the operating pressure.

9.3.2.5 Effect Valve.

9.3.2.5.1 Each flame effect shall be provided with an automatic fuel shutoff valve (the effect
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valve), installed upstream of the burner.
9.3.2.5.2 The effect valve shall shut off all fuel to the burner when closed.

9.3.2.5.3 The effect valve shall be opened only at the time of firing the flame effect and shall
be held open by a maintained signal from the flame effect control system.

9.3.2.5.4 The effect valve shall close on loss of the hold-open signal.

9.3.2.6* Systems Using Fuel Accumulators. Fuel accumulators used in flame effect control
systems shall meet the following requirements:

1) Accumulator tanks shall be designed, manufactured, and certified as unfired pressure
vessels.

(a)* Accumulators for use with flammable or liquefied gas shall be designed,
manufactured, and tested in accordance with ASME Boiler Pressure Vessel Code
or the Department of Transportation for the pressure of the gas in use.

(2)*  The volume of fuel stored in an accumulator tank shall be no more than what is required
to produce the desired flame effect.

3) Each accumulator shall have a manual fuel shutoff valve at the connection to the inlet of
the tank, and when closed, this valve shall shut off all fuel supplied to the accumulator
tank.

(4)  Anaccumulator charge valve that charges the accumulator when opened shall be
installed at the connection to the inlet of the tank.

(5) The accumulator shall be charged as close to the time of the actual arming and firing of
the effect as is practical.

(6) Each accumulator shall be designed and installed so that the fuel can be safely removed,
as follows:

(@) Accumulators fixed in location shall be provided with a permanently installed
means of conveying the fuel to a safe point of discharge.

(b) Portable accumulators shall be allowed to be moved to a safe location for
discharge.

@) The mixing of air or any other oxidizing media with fuel that creates a flammable
mixture within an accumulator tank shall be prohibited.

9.3.3* Controlled Enabling of Flame Effect Control System. All flame effect control
systems shall be manually or automatically enabled according to a prescribed sequence of
operations outlined in the plan, which prepares the flame effect for subsequent arming and
firing.

9.3.3.1 Flame Effect Safety Controller Function.
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9.3.3.1.1 A flame effect safety controller shall be used to automatically sequence the enable
process, monitor areas of restricted access, and allow, trigger, and request safety-critical action.

9.3.3.1.2 Flame effect control system safety considerations shall extend to other safety-critical
effects, allied equipment, and other proximate equipment to avoid additional or contributory
hazards.

9.3.3.1.3 In circumstances described in 9.3.3.1.2, the flame effect safety controller shall have a
direct validated means of confirming the status or other information from the other systems
before the flame effect is enabled.

9.3.3.2* The enable process shall begin with the activation of the control power to the flame
effect control system.

9.3.3.3 Fuel Supply and Auxiliary Services.

9.3.3.3.1 Following the activation of the control power, the fuel supply and auxiliary services
necessary to the operation of the flame effect control system (compressed air supply, oxidizers,
additives, etc.) shall be permitted to be turned on.

9.3.3.3.2 Positive confirmation through the use of an interlock or other device of the fuel
supply and each auxiliary service shall be made prior to the continuation of the enable process.

9.3.3.4* Interlocks.

9.3.3.4.1 Interlocks shall be provided in the control system to monitor changes of condition
and to automatically implement control system responses to the change of condition.

9.3.3.4.2 Safety interlocks shall be fail-safe.
9.3.4 Controlled Arming of Effect.
9.3.4.1 All flame effects shall be manually or automatically armed prior to any attempt to fire.

9.3.4.2 The arming of the effect shall be manually or automatically monitored and confirmed
until the effect is fired.

9.3.4.3 Manual Confirmation of Arming (Group | and Manually Controlled Group VII).

9.3.4.3.1 The flame effect shall be confirmed as armed when the means of ignition can be
clearly and directly seen by the operator or assistant(s) firing the flame effect for the entire time
that the effect is enabled.

9.3.4.3.2 When the means of ignition cannot be clearly and directly seen by the operator or
assistant(s) firing the flame effect for the entire time that the effect is enabled, the confirmation
of the arming of that effect shall be done automatically.

9.3.4.4* Automatic Confirmation of Arming (Group Il through Group VI and
Automatically Controlled Group VII). The flame effect shall be confirmed as armed when a
sensor(s) has detected the presence of the means of ignition necessary for the correct operation
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of the effect through the monitoring of a characteristic unique to the means of ignition.

9.3.4.5 Control sensors and devices used to automatically confirm arming shall operate in the
environment where installed.

9.3.4.6 Where cast members or moving set pieces are present in the hazard area immediately
before or after the arming and firing of the flame effect, a positive manual enable (PME) shall
be required during arming and firing.

9.3.4.7 Ignition Detection Device Function.

9.3.4.7.1 It shall not be possible for an ignition detection device to report the presence of an
ignition device or pilot, due to false sensing of ignition devices, pilots, or flame effects other
than that ignition device or pilot intended to be sensed by the ignition detection device.

9.3.4.7.2 ltalso shall not be possible for an ignition detection device to report the presence of
an ignition device or pilot due to false sensing of other non-fire-related devices normally
present in the local environment including, but not limited to, spark effects, ultraviolet light
sources, or effects that generate heat without flame.

9.3.5* Firing of Flame Effects.

9.3.5.1 Flame effects shall only be fired after they have been confirmed as armed following the
completion of the enable and arming process and confirmation that the hazard area is clear.

9.3.5.2 If the arming confirmation is lost during the firing process or the hazard area becomes
unsafe, the firing of the effect shall be immediately terminated and the effect secured until the
problem has been corrected.

9.3.5.3* Monitoring of the Hazard Area Surrounding the Flame Effect.

9.3.5.3.1 That area surrounding each flame effect that is made hazardous by the operation of
the effect shall be monitored and confirmed clear and ready for firing, or access to the area
shall be supervised by automatic means, or the area shall be made inaccessible, prior to any
attempt to fire the effect.

9.3.5.3.2 Other parameters critical to the safety of the flame effect shall also be monitored or
supervised.

9.3.5.4* Supervision of the Hazard Area Surrounding the Flame Effect.

9.3.5.4.1 The accessible hazard area shall be under the direct observation of the operator or
assistant(s) firing the flame effect for the entire time that the effect is enabled and fired.

9.3.5.4.2 Where the hazard area cannot be seen by the operator or assistant(s) firing the flame
effect for the entire time that the effect is enabled, an alternative means of monitoring the area
shall be permitted to be used, with the approval of the authority having jurisdiction.

9.3.5.4.3 Use of Enable Buttons.

9.3.5.4.3.1 If all areas of safety concern cannot be seen by a single human operator, as many
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enable buttons shall be used as are necessary to ensure safety.

9.3.5.4.3.2 Such buttons shall be monitored separately and verified for proper operation by the
flame effect control system.

9.3.5.5 Firing. The design of the flame effect control system shall prevent the firing of any
flame effect except on the deliberate positive action of an operator or on the verification by the
automatic control system of correct enabling and arming of the effect.

9.3.5.5.1 Manual Firing of Flame Effects. It shall be the responsibility of the operator to
verify the correct enabling and arming and the safety of the hazard area prior to the manual
firing of the effect.

9.3.5.5.2 Automatic Firing of Flame Effects.

9.3.5.5.2.1 The operating power for firing any flame effect shall originate from the flame effect
control system and only be supplied under the supervision of all limits, interlocks, and
ignition-monitoring devices present for the safe and reliable operation of the flame effect.

9.3.5.5.2.2 All effect valves shall be permitted to be opened only by a maintained firing signal
from the flame effect control system and shall automatically close on loss of signal.

9.3.6 Post-Operation Securing. Immediately following the firing of any flame effect, the
enable and arming signals shall be removed, all fuel and auxiliary services shall be secured
without going through the sequence of operation specified in 9.3.5.5, and a visual inspection of
all effect hazard areas shall be completed prior to confirmation that the flame effect control
system is secure.

Chapter 10 System Installation and Testing

10.1 General.

10.1.1 Flame effects shall be tested to verify that they operate in accordance with the flame
effect control system design.

10.1.2 Documentation of the testing shall be provided by the manufacturer or fabricator.

10.2 Pressure Testing and Inspection of Piping.

Where flame effect systems use piping, such piping shall be pressure tested in accordance with
the requirements of the authority having jurisdiction.

10.2.1 The complete piping system with all accessories in place shall be pressure tested at no
less than the system operating pressure.

10.2.2 Pressure Test Procedures.

10.2.2.1 System pressures shall be recorded together with the temperature and the atmospheric
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pressure.

10.2.2.2 Pressure testing of reassembled flame effect piping systems designed to be separated
into subassemblies shall be permitted to be tested at system operating pressure, with leak
detection using a noncorrosive leak detecting solution, or other means acceptable to the
authority having jurisdiction, at the reconnected joints.

10.3 Temperatures of Components.

10.3.1 Temperatures of components that are used in the fabrication of a flame effect control
system shall not exceed the rated temperature limits of the component during sustained
operation of the flame effect.

10.3.2 Temperatures of components subject to the heat of the flame effect shall be determined
while the flame effect is being operated at its maximum design cycle rate during the acceptance
test required by Section 10.1.

10.3.2.1 The temperatures shall be observed until a maximum or stable reading has been
attained.

10.3.2.2 The temperatures attained shall not exceed the rated temperatures for the components.
10.3.3 Temperatures of Surroundings.

10.3.3.1 Temperatures of combustible materials subject to the heat of the flame effect shall not
exceed 117°F (47.2°C) above the ambient temperature after equilibrium temperatures are
attained.

10.3.3.2 The temperatures shall be observed until a maximum or stable reading has been
attained.

Chapter 11 Fire Protection Provisions

11.1 General.

The wide range in size, arrangement, and location of flame effects covered by this standard
shall preclude the inclusion of detailed fire protection provisions that are applicable to all flame
effects.

11.2 Evaluation for Permanently Installed Flame Effects.

11.2.1* Where required by the authority having jurisdiction, a fire hazards evaluation shall be
conducted for permanently installed flame effects to be used at a venue for a performance.

11.2.2 The evaluation in 11.2.1 shall be coordinated with the building owner, the flame effect
operator, and the authority having jurisdiction.
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11.3* Additional Fire Safety Provisions for Temporary Installations.

11.3.1 Where determined by the authority having jurisdiction that a need for fixed or
additional fire protection equipment or standby fire safety personnel exists, such equipment or
personnel shall be provided.

11.3.2 Four or more fire extinguishers of the proper classification and size as approved by the
authority having jurisdiction shall be readily accessible while the flame effects performance is
being conducted.

11.3.2.1 In all cases, at least two pressurized water, Class 2-A, extinguishers and two Class
10-BC extinguishers shall be provided, in addition to those required by NFPA 10, Standard for
Portable Fire Extinguishers, for the building.

11.3.2.2 The extinguishers shall be placed so that at least one each is located on opposing sides
of the performance where flame effects are used.

11.4 Standby Fire Safety Personnel Requirements.

11.4.1 Where required by the fire hazards evaluation or the authority having jurisdiction,
standby fire safety personnel shall be present along with operational supplemental equipment.

11.4.2 Standby fire safety personnel shall have a working knowledge of the supplemental fixed
or portable fire-fighting equipment used in the area of the flame effects.

11.4.3 Standby fire safety personnel shall have a means of communication or of transmitting
an alarm during the operation of flame effects.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document but is included for
informational purposes only. This annex contains explanatory material, numbered to
correspond with the applicable text paragraphs.

A.1.1 This document details how to control the use of flame effects. The issue of permitting or
prohibiting the use of open flames before an audience is in the scope of a code such as NFPA
101, Life Safety Code. The Life Safety Code has traditionally prohibited open flames within
assembly occupancies.

A.1.3.1 The circumstances of each show or attraction can be unique and can require individual
evaluation when determining the need for protective systems. Factors such as the experience
and qualifications of the operations and maintenance personnel, clearance distance between
show elements and nonparticipants, visual conditions, and magnitude of the potential hazards
are to be weighed in the development and presentation of the production.

A.1.3.3(2) For information on the use of pyrotechnic special effects before an audience, see
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NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience.

A.1.3.3(3) For information on the storage of flammable and combustible liquids, see NFPA 30,
Flammable and Combustible Liquids Code. For information on the storage of flammable gases,
see NFPA 55, Standard for the Storage, Use, and Handling of Compressed Gases and
Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks, and NFPA 58,
Liquefied Petroleum Gas Code.

A.1.3.3(6) For information on the manufacture, transportation, or storage of model or
high-power rocket motors, see NFPA 1125, Code for the Manufacture of Model Rocket and
High Power Rocket Motors. For information on the sale or use of model or high-power rocket
motors, see NFPA 1122, Code for Model Rocketry, and NFPA 1127, Code for High Power
Rocketry.

A.1.3.4 This standard contains user requirements for the performance, use, or installation of
flame effects. User requirements are those that apply to users of the product and specify
when/where/how a product is used.

Unlike this standard, a product standard contains performance, testing, and third-party
certification requirements, and can contain design requirements, for a specific product, such as
a flame effect appliance. Third-party certification includes the requirements for the testing,
labeling, listing, follow-up, and quality assurance programs by which a product is certified as
being compliant with a specific standard from a certification organization. Product standards
should be written, to the extent possible, such that the product is evaluated and tested for
compliance with minimal or no judgmental decisions and with specific pass/fail requirements
and a designated test method to evaluate the performance. NFPA 160 does not meet these
requirements, nor is it intended for use as a product standard.

A.3.2.1 Approved. The National Fire Protection Association does not approve, inspect, or
certify any installations, procedures, equipment, or materials; nor does it approve or evaluate
testing laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization that is concerned with product
evaluations and is thus in a position to determine compliance with appropriate standards for the
current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “authority having jurisdiction,” or
its acronym AHJ, is used in NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or
individual such as a fire chief; fire marshal; chief of a fire prevention bureau, labor department,
or health department; building official; electrical inspector; or others having statutory authority.
For insurance purposes, an insurance inspection department, rating bureau, or other insurance
company representative may be the authority having jurisdiction. In many circumstances, the
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property owner or his or her designated agent assumes the role of the authority having
jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation; some organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction should utilize the system employed
by the listing organization to identify a listed product.

A.3.3.3 Arm. In a manually operated system, the enabling, arming, and firing functions are
provided directly through the actions of the flame effect operator or assistant. Arm means
supplying a source of ignition and verifying its presence; such as manual ignition of a pilot,
flammable liquid, or flammable solid.

A.3.3.7 Enable. In a manually operated system, the enabling, arming, and firing functions are
provided directly through the actions of the flame effects operator or assistant. Enable means
bringing to the site all the equipment, setting it up, and readying it for arming; such as bringing
a campfire effect to the stage, verifying that no hazards are present in the area, and connecting
all components.

A.3.3.10 Fire. In a manually operated system, the enabling, arming, and firing functions are
provided directly through the actions of the flame effect operator or assistant. Fire means
supplying fuel to the source of ignition, such as by manually opening a valve and verifying that
the fuel ignites.

A.3.3.18 Flame Effect System. Manually controlled systems might not have interconnected
components, devices, and/or appliances that provide all of the functions necessary to fuel,
monitor, supervise, generate, and control flame effects, including the emergency shutdown of
the flame effects and, where necessary, the monitoring of external conditions that affect
operation. The flame effects operator or assistant carries out all the functions described in the
definition.

A.3.3.19 Flame Effect Systems, Classifications. Examples of flame effects are as follows:

1) Group I. Hand-held burning torches, cigarette lighters, candles, matches, and lighting
paper in an ashtray, jugglers burning batons, fire rings that are jumped through, and
other fire effects that have the illusion of danger to a performer.

2 Group 1. Unattended torches, burning urns, and small fires.

3) Group I11. Effects used by traveling shows and concerts and effects used for
limited-duration special events, such as the Olympics. This group also includes a
traveling entertainment event that plays various venues, such as (but not limited to)
circus, opera, musicals, stage plays, trade shows, or corporate events. This group effect
also includes a non-traveling entertainment event that plays a single venue.

4) Group IV. A burning cabin or bonfire and large single or multiple flaming brazier
entrance features used to create a “theme” atmosphere. A stand-alone-type flame effect
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(5)

(6)

(7)

control system without any significant control supervision by a main show control
system is used.

Group V. A simulated building or vehicle explosion that is part of a larger theme-type
attraction. The flame effect control system is totally dedicated to the operation of the
flame effect elements. The flame effect control system maintains all its internal safety
features, with the interface between the flame effect control system and the main show
control system limited to those commands and status indicators that cannot alter or
override the flame supervisory system control logic.

Group VI. A live-action stunt show that is part of a larger theme-type attraction. The
flame effect control system is totally dedicated to the operation of the flame effect
elements. The flame effect control system maintains all its internal safety features, with
the interface between the flame effect control system and the main show control system
limited to those commands and status indicators that cannot alter or override the flame
supervisory system control logic.

Group VII. A fire created as part of an illusion used to make an item or individual
disappear.

See Table A.3.3.19 for a list of features included in each flame effect group.

Table A.3.3.19 Features Included in Flame Effect Groups

Features

Flame Effect Groups
] 11 \Y

Outside

X X X

Inside

X X

Temporary installation

X[ X|[X|—=

X X

Permanent installation X X

XX X[X]|<

Attended

X[X|%|%|%|<

X
X

Unattended X X

X

Visual flame X X

x| [ x| x| x|x|x|<

verification

Automatic flame X X X X

X

supervision

Manual fuel controls X

X

Automatic fuel X X X X X X

controls

Main show control X X

Proximate cast X X X

Note: A blank space means that the feature cannot be in the group. An X
means that it is a feature of the group.

A.3.3.23 Primary Safety Control. In the event of ignition failure or loss of flame, the control
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causes a safety shutdown.

A.3.3.26 Safety Shutdown (Lockout). The flame effect can be restarted only after a manual
reset following correction of the abnormal condition.

A.3.3.29 Supervisory Control System. In the case of a manual system, this function might be
performed by the flame effect operator or assistant.

A.3.3.31 Venue. The term venue is one that is widely used in the entertainment industry. For
the purposes of this standard, the term is to be used to specify the exact area of the property,
building, or the room within a building where the use of flame effects is to be allowed. For
example, the use of flame effects can be allowable in one specific meeting room of a hotel, but
not in another; or in the case of reconfigurable (flexible plan) buildings or rooms, some
configurations can be safe for the use of flame effects, but not others.

A.4.1 The following NFPA standards cover storage of flame effect materials:
NFPA 30, Flammable and Combustible Liquids Code
NFPA 54, National Fuel Gas Code

NFPA 55, Standard for the Storage, Use, and Handling of Compressed Gases and Cryogenic
Fluids in Portable and Stationary Containers, Cylinders, and Tanks

NFPA 58, Liquefied Petroleum Gas Code

NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied Natural Gas
(LNG)

NFPA 101, Life Safety Code
NFPA 430, Code for the Storage of Liquid and Solid Oxidizers
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience

A.5.1.1 Because permit and approval requirements vary with each jurisdiction, this standard is
intended to provide requirements that can be used by the authority having jurisdiction in
making sound judgment regarding the safety of the proposed use of flame effects and the
qualifications of the flame effect operator.

A.5.1.2 The use of flame effects is governed by a permit, which specifies the date(s) and
time(s) or the expiration date of the permit, which, in turn, define the period during which the
effects can be used. The length of this period determines the term of installation — that is,
whether the flame effect installation is to be considered permanent or temporary. The term of
installation is used in this standard as a criterion to classify the flame effects into one of seven
groups.

A.5.2.2.2 There is an inherent danger in the modification of flame effects once the initial
commissioning activities are complete. A protective control system could provide protection
against events and safety concerns that are not recognized or fully understood by other than the
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original designers of the system. For others to attempt modifications to a protective system
invites the inadvertent elimination of subtle but important safety features of a system.

A.5.3 Measures for control of inadvertent liquefied or gaseous fuel releases, additive system
releases, portable component releases, or fire should be coordinated with local
emergency-handling agencies, such as fire and police departments.

Information on those hazards not commonly covered in the training programs of
emergency-handling agencies should be provided upon request to emergency responders.

The safety of emergency personnel should be considered in the plan.

A.5.5.1(3) A fire watch is a qualified person or persons in attendance during all times when
fixed fire protection systems are intentionally taken out of operation and should be acceptable
to the authority having jurisdiction. The fire watch should be familiar with the operation of all
fire and life safety systems in the building and be able to notify emergency responders.

A.7.1 An audience should be located so that the incident thermal radiation received does not
exceed that calculated by the following equation:

(II—
E

t=|—

L7

where:

t = time in seconds
g = incident thermal flux in kW/m2

The value of q can also be taken from Figure A.7.1.
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FIGURE A.7.1 Time Required for Pain Due to Exposure to Thermal Radiation.

When applying the preceding equation to an effect with a duration of 4 seconds or less, the
time used in calculating the maximum acceptable level of incident thermal flux should
correspond to the root mean square (RMS) value of the peak incident thermal flux.

The incident radiation should not cause the surface temperature of the exposed skin of a
member of the audience to exceed 111°F (44°C). Incident radiation can be measured with a
radiometer. Skin temperature can be measured with an infrared surface thermometer or other
equivalent means.

Calibrated tinder techniques can be used for measurement of continuous effects.

A.8.1 There is no substitute for a diligent, capable, well-trained operations and maintenance
staff; therefore, operators of equipment involved in safety-critical processes or effects are the
primary safety and control element and should have a full understanding of the system
including the possible dangers and the required responses.

A.8.4 The flame effect operator is defined as the person who has overall responsibility for the
flame effect. Attendants and assistants can be less than 21 years of age.

A.9.2 In Table 9.2, Group VI, positive manual enable (PME) is sometimes known as “Man in
the Loop.”

A.9.3.1 Enabling the safety-critical effect could require coordination of the emergency stop
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systems of independent subsystems developed by separate vendors or contractors. This
requirement applies only when an emergency stop button is pressed. Generally, conditions
internal or local to a single subsystem (other than pressing an emergency stop button) that
cause an automatic safety shutdown of one subsystem need not cause a shutdown of other
subsystems. After a safety shutdown resulting from a pressed emergency stop button, and after
the offending button has been reset, individual subsystems can be brought out of the shutdown
condition, as long as no emergency stop button remains pressed.

A.9.3.1.5(6) Examples of monitored conditions are as follows:

1)
)
(3)
(4)
(5)

(6)
(7)
(8)
©9)
(10)

Loss of purge airflow to electrical enclosures in classified areas

Loss or impairment of required ventilation systems

Detection of flammable gas

Loss of “proof of vacancy” in areas that present a serious hazard to personnel

Loss of proof of the safe state of any valve or other protective device that is required to
maintain the protective nature of the system

Detection of a person in an unsafe area

Detection of unsafe environmental conditions

Detection of equipment in an unsafe state, condition, or position
Wind or other weather conditions that create unsafe conditions

System errors that should be addressed or acknowledged prior to a restart of the system

A.9.3.2.4.1(3) As shown in Figure A.9.3.2.4.1(3), an example of a supervisor station can
include the following:

1)

(2)

(3)

Two safety valves in series, each with proof of closure, should be provided in the gas
line to the main burners. An automatic vent valve should be provided between the two
valves.

Where the automatic vent valve is prohibited by the authority having jurisdiction, two
safety shutoff valves in series, each with an interlock switch, supervised by a listed
automatic valve proving system should be provided in the gas line to the burners. Valve
proving should be performed either after every burner shutdown or prior to every burner
light-off.

Where flame effect fuel piping systems are subdivided into zones, each zone should be
separated from other zones by a zone station. A zone station should consist of a manual
fuel shutoff valve at the point of connection to the fuel supply piping and upstream of
any other station components, and an automatic zone valve. The zone station shuts all
fuel to or from the flame effect zone when closed. When opened during the enable
process, this station should be held open by a maintained signal from the flame effect
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control system.

The zone valve should automatically close in the event of the loss of the hold-open signal. The
zone valve should only be opened as close to the time of the actual arming and firing of the
flame effects as is practical. The zone valve should be provided with a means to test the
seat-tightness of the valve at operating pressure.

Pilat
gy safey
Pilot  prees shutofi  Manual
shutoft “raq valve  shutoff
valve valve

m Filot flame
i sensing
gas  Preasure I]E:Ik el
Supervisor station— Fuel gas - NS Efed i
specilic gravily less than 1.0 safety
Zone 1 Manual shutoft Manual ’
Vam Safat Accumulator shutefl  valve  shutefl 5 Pilot burner
ahy f valve
e Manusl Shutoll Mangal SPa0E Effect
@ ! shutetf valve ghytol  VaVe o Burner
valve  [yo]  valve  [no Ga
Low High ol “wle teEl
as  Main Safet gis Leak Leak vithes
ag press. Safety shutolf press st P Accumuilator
Main prage switch shutoff Manual [ vahve  Manual g.-m.;h velve valve effect
shiutaff e valve  shutall | 1Dlockl shuta (%]
valve l.all.e
e E‘ e i Zone 2 Effect Spark lgnitian
Sunl Safety safal gensing elernent
ﬂafp'r' Leak Lesak Marual shutofl Manual shutofl Manual
et hst test ghutoff valve shutoff  valve  shutoff Ignitar
valie vahe valve  [yp]  valve valve
e PR s PR e Effect
S c } burmer
Leak Leak
et lest
velve valve Effect
Supervisor statlon— Fuel gas speciiie Pilgr  satel
gravity more than 1.0 or if required by Wanual press, shutoff  Manual
the authority having jurisdiction shutoff reg vahre  shutoft
valve ' valve Pilat fiame
Low High —= sensing
gas  Main Salet gags Pilot Leak elamart
o 5 Safety ahutoff prea gas tast et
Main orags, switch 5“;:“;" Manual I‘l;fﬂ Manual Swich inlat valve safaty
VA
ol rea @) shutol shutof Manual shutofl  Manual
[wed shutoff wvalve shutoff %% Pilot bumer
—* valve ol vake
Supply e e <:| Effect
L] o o o burner
ﬁ\lul Purge gas Leak
walety st

Manual shutoff panual valve
shutedl  valve  shutolf

Key: NC = normally elosed; NO = nomally apan; VPS = valve proving syslam

FIGURE A.9.3.2.4.1(3) Example of Various Flame Effect Control and Piping
Components.

A.9.3.2.6 The operating characteristics of some flame effects require that fuel be released at a
rate greater than can be delivered by the fuel supply. To do so requires that quantities of fuel be
temporarily accumulated at the location of the effect.
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A.9.3.2.6(1)(a) For applications outside of the United States, equivalent national standards can
be used.

A.9.3.2.6(2) The standard requires that the amount of fuel in an accumulator tank never be
more than what is required to produce the effect. However, that amount deserves some
consideration, as producing the desired effect can sometimes require that more fuel be stored in
the accumulator than is actually discharged during the effect. Three examples of situations
where it is necessary to store more fuel in the accumulator than is actually consumed are as
follows:

1) The creation of perfectly round fireballs — those without a tail — often requires that
the effect valve be shut while the gas is still exiting the burner nozzle at relatively high
velocity. This means that significant residual pressure is left in the accumulator after the
effect is complete; in other words, to produce round fireballs it is required to have an
amount of fuel in the accumulator in excess of that consumed.

(2 Bursts of multiple fireballs or jet flames are often required to be produced rapidly,
sometimes without sufficient interval between each discharge to allow the accumulator
to recharge. This situation occurs often in temporarily installed or portable flame effect
appliances, particularly when the fuel supply is not capable of supporting high flow
rates during the charge cycle. In this case, the accumulator must store more fuel than is
consumed in a single discharge, although it is expected that the bulk of the fuel will be
consumed over the course of a full burst.

3) It is considered good practice to maintain a fuel-rich atmosphere inside the accumulator
at all times, one that is well above the upper flammable limit. In order to do so it is
necessary to shut the effect valve before all of the pressure in the accumulator is
exhausted, trapping some fuel in the accumulator in excess of the amount consumed.

It is important to realize that even when an accumulator is sized exactly to the amount of fuel to
be consumed, there are some situations where the accumulator will be left with an excess of
fuel. Take, for example, an accumulator that has been charged, but for any number of reasons
— performer off the mark, detected failure of the igniter, and so forth — the flame effect is not
discharged. The result is a fully charged accumulator that can or cannot be consumed during
the subsequent course of the performance. This scenario points out the necessity of providing
each accumulator with a means of venting the fuel to a safe point of discharge, as required in
9.3.2.6(6).

A.9.3.3 Some of the operating parameters that can be enabled or monitored during the
enabling of the flame effect control system include the following:

1) Control power
2 Main fuel supply
3) Safety interlocks
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4) Ventilation airflow interlock (where used)
(5) Support services (compressed air, hydraulic pressure, etc.)
(6) Other parameters as required by the authority having jurisdiction

A.9.3.3.2 Where required for operation and maintenance, control systems can have separate
sources of control power to allow operation in distinct modes; for example, they can have one
source for automatic (normal) operation and a second for limited operation of the flame effects
for the purpose of maintenance and testing. Where multiple sources of control power are
available, the design of the flame effect control system should meet the following minimum
criteria:

1) One mode of operation should be “off,” which should remove all control power from
the flame effect control system.

2) System operation should be such that the selection of one mode of operation disables all
other modes of operation. It should not be possible to change from one mode of
operation to another without turning all control power off. The flame effect control
system should operate safely during the transition from one mode to any other mode of
operation.

3) All control power, regardless of source and mode of operation, should be interrupted by
actuation of the emergency stop system. Loss of control power should bring the flame
effect system to a safe state.

4) When a main show control system is used, the status of the control power (mode of
operation) should be automatically sent to the show control system at all times. Where a
main show control system is used, and the mode of operation is in any mode other than
that of normal automatic operation, or “off,” the sending of any command from the
show control system to the flame effect control system should automatically actuate the
emergency stop system and bring the flame effect system to a safe state.

Circumstances for consideration include the following:

1) Particular position, mode, or state for the proper operation of a safety-critical system.
Example: A fire-breathing dragon that needs to be in a particular position before fire is
initiated.

Similarly, other set pieces might have to be out of the area of the fire before fire is
initiated.

Example: A fire on a set that is on a lift that is not to be initiated until the lift is
confirmed to be in the fully raised position.

2 Effects on vision or hearing that could prevent the safe operation of systems or the
related procedures or operations.
Example: A fog or other atmospheric effects system that could obscure egress routes or
interfere with monitoring an effect fire or with taking corrective action in case of an

Copyright NFPA



incident.

3) Conditions that can be confused with conditions or events of the safety-critical system.
Example: Other effect systems that create the appearance of fire, smoke, or heat.

Personal computers, single-board controllers, and other systems that have control capability but
that are not routinely used in protective applications should not be used as life safety
controllers. Only effect safety controllers should be used to prevent any safety-critical action.
Non-effect safety controllers should not be used to allow, trigger, or request safety-critical
action unless the signals of these non-effect safety controllers are intercepted and qualified by
an effect safety controller that has responsibility for allowing safety-critical actions. Personal
computers and single-board controllers can be used in related applications such as the display,
logging, and trending of process variables, environmental conditions, status, faults, and other
information.

Show controllers, including stage, lighting, pyrotechnics, animation, automation, and audio
controllers that are used to control overall show timing relationships or that provide
synchronization with audio, lighting, and unrelated effects, should be permitted to provide
timing information to a flame effect safety controller but should not directly control
safety-critical processes. The flame effect safety protective controller then should use this
information, and other safety-related information, to control safety-critical effects.

The flame effect control system that is responsible for control of safety-critical effects should
not provide control of general show timing or of non-safety-critical effects, except as follows:

1) Timing internal to a single effect, such as to create phases or sub-effects, should be
permitted to be programmed into the flame effect control system.

(2 The protective flame effect control system should be permitted to provide control of a
limited number of small non-safety-critical effects with limited and simple timing
needs. In such cases, there should be a division of the safety-critical and
non-safety-critical functions of the system.

The purpose of the requirement in 9.3.3.2 is to prevent equipment that is being used for
protective control purposes from being utilized for general show control purposes when doing
so would partially obscure the protective control purpose of the system, distracting the
designers and operators from devoting attention to the safety-critical aspects of the system,
which are of primary concern.

A.9.3.3.4 Examples of interlocks that can be included in the flame effect control systems are as
follows:

1) Wind speed and direction
2 Critical temperatures

3) Opacity instrumentation
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4 Purge airflow and/or damper positions

(5) Combustion airflow

(6) Position indicator switches for animated figures and sets
@) Cast position confirmation switches

(8) Audience position/ride vehicle position indicators

9) Others as required by the operation of the show

A.9.3.4.4 Some of the sensors that are currently in use for monitoring these characteristics are
as follows:

1) Ultraviolet flame detector in combination with a listed primary safety control
(2 Infrared flame detector in combination with a listed primary safety control
3) Flame rod in combination with a listed primary safety control

4) Thermocouple temperature sensor in combination with a listed primary safety control or
as part of a listed automatic valve assembly

5) Other devices directly sensitive to the characteristics of the means of ignition and
acceptable to the authority having jurisdiction

A.9.3.5 The firing of the flame effect is normally achieved through the release of the fuel into
ambient air where the mixture is ignited by an ignition device. Normally, this is achieved by
the opening of a manual or electrically actuated fuel release valve. Other methods of fuel
release are acceptable on the approval of the local authority. Examples of firing methods for
flame effects are as follows:

1) Manual firing by cast member or technician
(2 Firing by a timer and/or programmable logic controller (PLC)
3) Firing by a PLC with PME

A.9.3.5.3 Certain venues can have areas, both visible to and out of sight of the technical
director, in which a person who is present in the area during the firing of the effects might be
exposed to the possibility of injury. These areas should be supervised by an intrusion monitor
and alarm system during all times when the effects are enabled.

A.9.3.5.4 Certain venues can have areas, both visible to and out of sight of the technical
director, where during the enable process one of the following can occur:

1) Cast members can be present immediately before or after the firing of the effect.
2) Members of the audience might enter the area during the firing of the effect.

3) Moving set pieces can affect the safe operation of the effect.
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A PME of the flame effect control system should be maintained by a qualified operator with a
clear view of the operating area of the effect during the entire process of the enabling, arming,
and firing of the effect.

Where the technical director does not have a clear view of the hazard area, additional PME
devices should be installed and operated by qualified operators who are in such a position that
they have a clear view of the area. Cast members who can be present immediately before the
arming and firing of the effect should have additional PME devices that have to be actuated
before the flame effect can be fired.

These PME devices should have the following characteristics:

1) The PME device should consist of a momentary contact push button switch that will
close a normally open isolated contact when depressed, thereby sending a confirming
signal to show control.

(2 These enable operators should be located in positions such that the technician or cast
member can view the effects area and/or confirm that they are safely out of harm's way.

3) Manual enable operators should be clearly identified as to function. Indicator lights can
be provided in the push button or adjacent to the push button to confirm to the operator
that the enable signal has been sent to show control.

4) In the event that any PME signal is not sent or is removed during the arming and firing
sequence of an effect, a non-recycling shutdown of that effect or group of effects should
occur. The effects can be returned to service only following the removal of the effect
enable input and restarting the process. Other flame effects and show elements can
continue to operate normally for the remainder of the show.

Repetitive protective operations by human operators are of limited value due to the
acclimatization of the operator. When repetitive enabling of an effect is required, appropriate
steps should be taken to assure that the operator remains alert for every action.

Although each situation is different and multiple remedies could be required in some situations,
steps that can be used to address this concern include the following:

1) Use two individually monitored buttons, each serving the same enabling function,
separated by a distance such that the operator has to be facing the area of safety concern
when the buttons are pressed.

2) Activate the buttons upon an indication in the vicinity of the area of safety concern. For
example, rather than illuminating the enable buttons, illuminate an indicator near the
flame so that the operator will be encouraged to look in the direction of the flame to
determine when to press the enable button.

3) Vary the timing of the effect to the extent possible within the creative constraints of the
show.
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A.11.2.1 The following steps are recommended as part of the fire hazards evaluation

procedure:

1) List and describe the following:

(a)
(b)
(©)
(d)
(e)
(f)
(@)
(h)
(i)
1)
(k)

Sources of ignition

Spread of fire

Potential duration of fire

Smoke generation

Potential collection or drift of flammable vapors and gases
Exposure of personnel to decomposition products

The time required for emergency evacuation of the audience
Extinguishment potential of supplemental standby fire equipment
The additional fire load from the flame effect

Existing building fire protection systems

Other factors specific to the flame effect

2 Prepare a general description of the fire prevention and fire protection systems that exist
and that will be provided. Define the fire hazards that can exist and state the
loss-limiting criteria to be used in the design of the flame effect.

3 Conduct an exposure analysis to determine safe distances of the flame effect from
adjacent facilities. Consider the use and effect of noncombustible fire-retardant and
heat-resistant materials.

4) Review and describe the control and operating room areas, if applicable, and the
detection and extinguishing systems that will be provided for these areas.

A.11.3 Supplemental fire protection equipment can consist of charged handlines, hand portable
extinguishers, wheeled extinguishers, pre-engineered or engineered systems capable of
properly extinguishing the flame effect, and any combustible materials within the immediate
area. The manufacturer of the equipment should be consulted for assistance on fire
extinguishing equipment and agents.

Annex B Design of Flame Effects

This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.

B.1 Design Plan.
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The design plan for flame effects should be based on the criteria outlined in B.1.1 through

B.1.2.

B.1.1 Location.

B.1.1.1 The design plan for outdoor flame effects should include the following:

1)

)
(3)
(4)
(5)

Weather (e.g., wind), with safety provisions provided to halt the effect where safe
operation of a flame effect can be influenced by hazardous weather conditions

Intrusion (security)
Egress
Clearance to combustibles

Fire protection

B.1.1.2 The design plan for indoor flame effects should include the following:

1)

(2)
©)
(4)
(5)
(6)
(7)

Ventilation (where used to exhaust the products of combustion of a flame effect), with
means provided to prevent fuel flow in the event that the source of ventilation air is
interrupted

Clearance to combustibles
Egress

Environment

Fire protection

Life safety provisions

Intrusion (security)

B.1.2 Flame Effect Operator Participation.

B.1.2.1 The design plan for attended effects should include the following:

(1)
(2)
(3)

Control by the operator or performer during start-up, operation, and shutdown
Operator in attendance during effect

Training of operators

B.1.2.2 The design plan for unattended effects should include the following:

1)
(2)
(3)
(4)

Design for unattended operation
Supervision by automatic systems
Audience proximity/audience intrusion prevention

Control type — automatic
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(a) Show events cued by a control system (mechanical or electrical)
(b) Different levels of automatic operation
(c) Requirements to be developed for flame effect control systems

(5) Manual control type — supervision of the performance of the device by the operator or
technician with the flame effect in open view

(6) Control location

(@) Local control — a flame effect controlled by an operator who has a clear view of
the flame effect area

(b) Remote control

(7) Fuel supply and fuel additives
(@) Portable
(b) Fixed

Annex C Inspection Guidelines

This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.

C1l

The following guidelines are provided as a possible inspection routine that can be used as a
model.

C.2 Inspection and Re-verification of Flame Effects Function.

Following issuance of the use permit by the local authority having jurisdiction (see 5.3.1) and
completing the Approval Requirements (see Section 5.2), the flame effect(s) show action
equipment should be subjected to a periodic functional verification and calibration of critical
components according to the requirements of a written test plan/procedure as created by the
designer of the effects or other responsible individual. A written report and/or completed
checklist in a format acceptable to the local jurisdiction should be made a permanent part of the
effects documentation.

C.2.1 Temporary Flame Effects Installations. Temporary flame effects installations should
be evaluated on a periodic basis by a qualified technician/operator according to the following
guidelines.

C.2.1.1 Daily Inspection and Testing. Any critical deficiencies and/or malfunctions are to be
corrected and noted in the show documentation prior to the operation of the effects in the show.
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Inspection should include the following:

(1)

(2)

(3)

(4)

(5)

(6)

Visual inspection of fuel storage area, which includes verifying that the fuel supply is
properly secured, that general housekeeping is according to proper standards, whether
there is accumulation of flammable materials, convenient access to critical areas, and
the absence of any items not directly related to the storage or management of the fuel

supply.

Visual inspection of performance area, which includes general housekeeping,
accumulation of incidental flammable materials, condition of sets and props,
convenience of access, and any other condition relating to the proper operation of the
effects.

Visual inspection of fire effects equipment to verify that the components are functional.
Significant degradation or damage should be noted and repaired or replaced as
necessary.

As part of the daily preset for the show, the effect(s) should be operated according to
the procedure established by the designer of the effect to verify the proper operation of
the enable and arming as designed. Any discrepancies in the normal operation of the
effect should be noted and corrected prior to the operation of the effect during the show.

Verification that all provisions for the emergency shutdown of the effect, including fuel
management and fire suppression measures, are present and/or operating normally.

Observation of the operation of the effect during the show to verify that it is functioning
according to the expected operating profile.

C.2.1.2 Weekly and Monthly Inspection and Testing. Weekly and monthly inspection and
testing should be conducted and noted as dictated by the design and operation of the effects and
the duration of the temporary installation.

C.2.2 Permanent Flame Effects Installations. Permanent flame effects installations should be
evaluated on a periodic basis by a qualified operator according to the following guidelines.

C.2.2.1 Daily Inspection and Testing. Any critical deficiencies and/or malfunctions are to be
corrected and noted in the show documentation prior to the operation of the effects during the
show. Inspection should include the following:

1)

(2)

Visual inspection of fuel storage area, which includes verifying that the fuel supply is
properly secured, that general housekeeping is according to proper standards, whether
there is accumulation of flammable materials, convenient access to critical areas, and
the absence of any items not directly related to the storage or management of the fuel

supply.
Visual inspection of performance area(s), which includes general housekeeping,

accumulation of incidental flammable materials, condition of sets and props,
convenience of access and any other condition relating to the proper operation of the
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(3)

(4)

(5)

(6)

(7)

effects.

Visual inspection of fire effects equipment to verify that the components are functional.
Significant degradation or damage should be noted and repaired or replaced as
necessary.

Verification that all primary limits [lower explosive limit (LEL) sensors, airflow
switches, fuel pressure switches, etc.] are conditioned in the proper control profile and
that they indicate a proper operating level of the parameter being monitored.

As part of the daily preset for the show, the effect(s) should be operated according to
the procedure established by the designer of the effect to verify the proper operation of
the enable and arming as designed. Any discrepancies in the normal operation of the
effect should be noted and corrected prior to the operation of the effect during the show.

Verification that all provisions for the emergency shutdown of the effect, including fuel
management and fire suppression measures, are present and/or operating normally.

Observation of the operation of the effect during the show to verify it is functioning
according to the expected operating profile.

C.2.2.2 Monthly Inspection and Testing. In addition to the recommended tests as stated in
C.2.2.1, the following tests and inspections should be performed as required:

1)

(2)

(3)

(4)

Test and calibrate any limit or interlock control device that could be subject to a change
in the measured value as a normal part of the operation of the device over a period of
time according to the recommendations of the manufacturer.

Perform a leak test of any primary fuel supply shutoff valves according to the
recommendations of the manufacturer.

Verify that any intrusion and/or position interlocks are operating properly and the
actuation of any such device results in the desired control system response.

Other test sequences as recommended by the effects designer or other cognizant
individual.

C.2.2.3 Quarterly Inspection and Testing. In addition to the recommended tests as stated in
C.2.2.1 and C.2.2.2, the following tests and inspections should be performed as required:

1)

()

(3)

Calibrate all primary limit or interlock control devices, which could be subject to a
change in the measured value as a normal part of the operation of the device over a
period of time.

Actuate all primary limit or interlock control devices to confirm proper function, control
response, and confirmation of actuation.

Actuate any central fire alarm system to verify that the actuation will result in the
emergency stop of the effects control system.
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4 Actuate all show emergency stop operators to confirm their proper function and
confirmation of actuation. Furthermore, selected emergency stop operators should be
actuated during the operation of the effects to verify the proper emergency shutdown of
the effects.

5) Operate the fuel supply enable control circuit to verify the proper function of the fuel
limits and valves.

(6) Enable and arm randomly selected effects to verify the proper operation of the ignition
management control circuit, including safe start check, trial for ignition, flame failure
response time and non-recycling operation as necessary. The number of effects to be
tested should be a minimum of 3 or 20 percent of the total number of flame effects in
the control system. Where the design of the controls included multiple zones, at least
one effect in each zone should be tested.

(7) Test the PME operator during the operation of the effects to verify that the effects will
not enable, arm, and fire without the presence of the positive manual enable PME and
that the removal of the positive manual enable PME during the enabling, arming, and
firing sequence of the effects will shut down the effects operation as designed.

(8) Operate the effects in the normal show mode to verify that they are enabling, arming,
and firing in the expected sequence according to the normal show profile.

9) Other test sequences as recommended by the effects designer or other cognizant
individual.

C.2.2.4 Annual Inspection. The annual inspection of the flame effects will verify the proper
function of all effects control components and serve as a certification of the condition and
operation of the effects control system for the renewal of the operating permit as issued by the
local jurisdiction. The test sequence should include those sequences as stated in C.2.2.1,
C.2.2.2,and C.2.2.3, to such an extent that all control systems and components are tested,
verified, and functioning properly, and that any other tests as recommended by the effects
designer or other cognizant individual are performed.

Annex D Informational References

D.1 Referenced Publications.

The following documents or portions thereof are referenced within the informational sections
of this standard and are not part of the requirements of this document unless also listed in
Chapter 2 for other reasons.

D.1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, Quincy,
MA 02169-7471.

NFPA 30, Flammable and Combustible Liquids Code, 2003 edition.
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NFPA 54, National Fuel Gas Code, 2006 edition.

NFPA 55, Standard for the Storage, Use, and Handling of Compressed Gases and Cryogenic
Fluids in Portable and Stationary Containers, Cylinders, and Tanks, 2005 edition.

NFPA 58, Liquefied Petroleum Gas Code, 2004 edition.
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(LNG), 2006 edition.
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edition.
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