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N O T I C E  

All questions or other communica t ions  relating to this document  should be sent only to NFPA headquarters,  
addressed to the attention of  the Commit tee  responsible for the document .  

For information on the procedures for requesting Technical  Commit tees  to issue Formal Interpretations, 
proposing Tentative Interim Amendments ,  proposing amendments  for Commit tee  considerat ion,  and appeals on 
matters relating to the content of the document ,  write to the Secretary, Standards Council ,  National Fire 
Protection Associat ion,  1 Bat terymarch Park, P.O. Box 9101, Quincy,  MA 02269-9101.  

A statement, written or oral. that is not processed in accordance with Section 16 of  the Regulat ions 
Governing Commit tee  Projects shall not be considered the official position of NFPA or any of  its Commit tees  
and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of  this document  should consult  applicable federal, state and local laws and regulations.  NFPA does 
not, by the publication of this document ,  intend to urge action that is not in compliance with applicable laws, and 
this document  may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of  Directors reaff irms that the National Fire Protection Associat ion recognizes that the toxicity 
of  the products  of combust ion is an important  factor in the loss of  life from fire. NFPA has dealt with that sub- 
ject  in its technical  committee documents  for many years. 

There is a concern that the growing  use of synthetic materials may produce more or additional toxic prod- 
ucts of  combust ion in a fire enviromnent.  The Board has, therefore, asked all NFPA technical committees to 
review the documents  for which they are responsible to be sure that the documents  respond to this current  con- 
cern. To assist the committees in meeting this request, the Board has appointed an advisory commit tee  to provide 
specific guidance to the technical committees on questions relating to assessing the hazards of  the products  of 
combust ion.  

Licensing Provision 

This document  is copyr ighted by the National Fire Protection Associat ion (NFPA). The terms and condit ions 
set forth below do not extend to the index to this document.  If public authorities and others reference this docu- 
ment in laws, ordinances,  regulations,  and administrat ive orders or s imilar  instruments,  it should be with the 
unders tanding that this document  is informative in nature and does not contain mandatory  requirements.  Any 
deletions, additions~ and changes  desired by the adopting authori ty must be noted separately.  Those using this 
method ("adopt ion by reference")  are requested to notify the NFPA (Attention: Secretary, Standards Council)  in 
wri t ing of  such use. 

The term "adopt ion by reference" means the cit ing of  the title and publishing information only. 

(For further  explanation,  see the Policy Concerning the Adopt ion,  Printing, and Publication of  NFPA 
Documents ,  which is available upon request from the NFPA.)  

Statement on NFPA Procedures 

This material  has been develuped under  the published procedures of  the National Fire Protection 
Associat ion,  which are designed to assure the appoin tmem of  technically competent  Commit tees  having balanced 
representation.  While these procedures assure the highest  degree of  care, neither the National Fire Protection 
Associat ion,  its members,  nor those part icipat ing in its activities accept any liability resulting from compl iance  
or noncompl iance  with the provisions given herein, for any restrictions imposed on materials or processes,  or for 
the completeness of the tex!;.~. 

NFPA has no power  or authori ty to police or enforce compliance with the contents o1" this document ,  and 
any certification of products  stating compliance with requirements of  this document  is made at the peril of  the 
certifier. 
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Tiffs edition of NFPA 115, l?ecomme~Med Pmclice ou ,Laser Fire Prot&tio~, was prepared by 
the Technical Committee on Laser Fire Protection and acted on by the National Fire Pro- 
tection Association, Inc., at its Annual Meeting held May 22-25, 1995, in Denver, CO. It was 
issued by the Standards Council on July 21, 1995, with an efiective date of August 11, 1995. 

This edition of NFPA 115 was approved as an American National Standard on August 
11, 1995. 

Orig in  and D e v e l o p m e n t  o f  N F P A  115 

In September 1988, a request was received by the NFPA Standards Council to establish a 
project on laser fire protection. At that time, NFPA documents did not address the fire haz- 
ards of lasers. Existing standards, other than NFPA, addressed other lasers hazards (prima- 
rilv health hazards), but did not adequately address the fire hazard involved. In October 
19'88, the Council published a request for comments on the need ior such a project. Alter 
reviewing comments submitted, tim Council approved the establishment of a Laser Fire 
Protection Project in July 1989. The resultant document (designated N FPA 115) is intended 
to supplement existing NFPA documents and other standards involving lasers. Where a 
particular hazard, such as a flammable liquid, is appropriately addressed by another NFPA 
document, it is retierenced. 

Lasers can be a significant fire hazard. Class 4 and some Class 3b lasers (classification 
is from ANSI Z136.1, &{fie Use o/Lasers) are powerful enough that the beam is an igni- 
tion hazard. During use, particularly in the medical field, the laser beam is directly adja- 
cent to combustible materials and, in certain clinical procedures, flammable gastrointes- 
tinal gases and prepping agents. Fire incidents have occurred when the laser beam has 
impinged on a material other than the intended target. 

Additionally, some lasers use flammable liquids as an integral part of their operation. 
The flammable liquids are pumped,  and flow through tubing. The tubing material may 
be quartz or plastic. Both types of tubing are prone to damage either by' breaking, or 
melting when exposed to a fire. When this occurs a flammable liquid pool fire is created. 

Often materials used to fabricate laser systems are inappropriate with respect to their 
fire safetyness, i.e., manufacturers do not always choose component  materials with 
regard to their ignition and heat release properties. Lasers can inw~lve the use of high 
energy power supplies. Motors for use with flammable liquids need to be intrinsically 
sate or of approved electrical classification. 

As part of an ongoing effort to document the fire hazards of lasers, a database of fires 
involving lasers has been started. (Documented incidents have occurred ih hospitals, 
research laboratories and industrial applications.) From the data gathered thus thr, the 
majority of incidents inw~lve the laser beam as the ignition source. Materials ignited 
include adjacent combustibles as well as components of the laser itself. Other incidents 
have involved components of the laser overheating or igniting due to a failure of the 
laser system. 
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7"tu~ hst re,/,e.scnt.s the membership at the hme the Commdtee wa,s balloted o*t the text o[thts edmon. Sire,, that tm*e, ~hanges 
~n the membership muy have oc~ urred 

NOTE: Membership on a Conmlittee shall not in and of itselfconstitute an endorsement of the Associa- 
tion or any docull/Clll developed by the Committee on which the member serves. 

Committee Scope: The C~munittee >half have primary rcsponslbthty tot documents on fire protection lot" 
laser equipment, including their safe installation, use, and maintenance. 
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115-4 LASER FIRE P R O T E C T I O N  

N F P A  115 

R e c o m m e n d e d  Pract ice  on  

L a s e r  F i r e  P r o t e c t i o n  
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NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on referenced puhlicati,ms can be tbtmd in 
Chapter 12 and Appendix F. 

Chapter  1 General  

1-1 Scope. This document  covers recommended mini- 
mum fire protection criteria fi)r the design, manufacture, 
installation, and use of lasers and associated equipment. 
Included are suggested criteria tbr training and respond- 
ing to fire emergencies invoMng lasers. 

1-2 Purpose. This document  provides recommendations 
to prevent or mitigate the effects of fire invoMng lasers. 

NO'I'E: Following the recommendations in this document 
might not eliminate all fire hazards associated with lasers. 

1-3 Application. This document applies to lasers capable 
of producing a beam ignition hazard, to those lasers utiliz- 
ing materials o1 colnponents presenting a fire hazard, or to 
the areas where such lasers are used. 

1-4 Interface with Existing Codes and Standards. 

1-4.1 When interlace with existing NFPA or other con- 
sensus codes and standards occurs, reference is made to 
the appropriate source in the text. 

1-4.2 Due to the unique fire hazards associated with 
lasers and their operations, this recomnmnded practice 
provides additional fire satetv guidance beyond that of 
other docunlenls. 

Chapter  2 Def in i t ions  

2-1 NFPA Definitions. 

Approved.* Acceptable to the authority having jurisdiction. 

Authority Having Jurisdiction.* The organization,  
office, or individual responsible for approving equipment,  
an installatiou; or a procedure. 

Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identil~4ng mark of an 
organization that is acceptable to the authority having 
jurisdiction and concerned with product evaluation dmt 
maintains periodic inspection of product ion of labeled 
equipment  or materials and by, whose labeling the manu- 
facturer indicates compliance with appropriate standards 
or perfiwmance in a specified manner.  

Listed.* Equipment or materials included in a list pub- 
lished by an organization acceptable to the authority hav- 
ing jurisdiction and concmned with product evaluation 

that maintains periodic inspection of production of listed 
equipment  or materials and whose listing states either that 
the equipment or material meets appropriate standards or 
has been tested and tound suitable for use in a specified 
n l a n u e r .  

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

2-2 Definitions of Other Terms Used in This Document. 

Accessible  Emiss ion Limit (AEL). The max imum 
accessible emission level permitted within a particular class. 
(ANSI Z136.1; 21 CFR 1040.10) 

Apparatus. Furniture,  laboratory hoods, centrifuges, 
refligerators, and commercial o1 made-on-site equipmem 
used in a laboratory. (NFPA 45) 

Average Power. The total energy imparted dur ing  
exposme divided by the exposure duration. (ANSI Z136.1 ) 

Beam. A collection of rays that may be parallel, diver- 
gent, or convergent. (ANSI Z 136.1 ) 

Combustible Liquid. See definiti(m of Liquids. 

Compressed Gas. Any material or mixture having in 
the conta iner  an absolute pressure exceeding 40 psi 
(pounds per square inch) at 70°F (275.8 kPa at 21.1°C) or, 
regardless of the pressure at 70°F (21. I°C), having an abso- 
lute pressure exceeding 104 psi at 130°F (717 kPa at 
54.4°C), or an), flammable liquid having a vapor pressure 
exceeding 40 psi absolute at 100°F (275.8 kPa at 37.8°C) as 
determined by ASTM D323, Standard 7~'st Method for Dlp0r 
Pressure of Petroleum Producl,~ (Reid Method). 

Continuous Wave (cw). The output of a laser operated 
in a continuous rather than a pulsed mode. In this docu- 
ment, a laser operation with a continuous output tbr a 
period _> 0.25 sec is regarded as a cw laser. (ANSI Z136.1) 

Embedded Laser. An enclosed laser with an assigned 
class mnnber  higher than the inherent capability of the 
laser system in which it is incorporated, where the system's 
lower classification is appropriate due to the engineering 
features limiting accessible emission. (ANSI Z136.1) 

Energy.* The capacity lbr doing work. (ANSI Z136.1) 

Explosion.* An effect produced by the sudden violent 
expansion of gases. 

Explosive Material. A chemical compound,  mixture, 
or device, the primary or O)mlnou purpose of which is to 
function by. explosion. (For a more complete deflmtio~, see 
NFPA 495, Explo~iz,e Materia£ (;ode.) 

Flammable Gas. A gas that will burn  in air. (NFPA 45) 

Flammable Liquid. See definition of Liquid~. (NFPA 45) 

Flammable Liquid Storage Cabinet.* A cabinet for the 
storage of flamlnable and combustible liquids constructed 
in accordance with Section 4-3 of NFPA 30, Flammable (rod 
Combu,qihle Liquid,~ (;ode. (NFPA 45) 

Flammable Vapors. A concentration of constituents in 
air that exceeds 10 percent of its lower ttammahle limit 
(LFL). 

1995 Edition 



DEFINITIONS 115-5 

Flash Point.* The min imum temperature at which a 
liquid gives offvapor in sufficient concentration to form an 
ignitible mixture with air near the surface of the liquid with 
the vessel, as specified by appropriate test procedures and 
apparatus. (NFPA 45) 

Hazardous Chemical.* A chemical with one or more of 
the following hazard ratings as defined in NFPA 704, 
Standard S~.stem for the Identification of the Fire HazaMs of 
Materials: Health --  2, 3, or 4; Flammahility --  3 or 4; 
Reactivity -- 2, 3, or 4. 

Ignitible Liquid. Any liquid or the liquid phase of any 
material that is capable of fueling a fire, including a flam- 
mable liquid, a combustible liquid, or any material that can 
be liquefied and burned.  (NFPA 921) 

Interlock.* A device to prevent an action from occur- 
ring where injury or property damage may result. Inter- 
locks are classified into three main types: key-operated, 
mechanical, and electrical. 

Irradiance. The power of a laser divided by the area of 
the laser beam at the target surface, expressed in W/cm e, 

Joule. A unit  of energy. 

NOTE: 1 joule - 1 watt second, 

Laser. A device that produces an intense, coherent, 
directional beam of light by s t imulat ing electronic or 
molecular transitions to lower energy levels. An acronym 
for Light Amplification by Stimulated Emission of Radia- 
tion. (ANSI Z136.1; 21 CFR 1040.10) 

Laser Safety Personnel (LSP). One who has authority 
to monitor and enforce the control of laser hazards and to 
effect the knowledgeable evaluation and control of laser 
hazards. (ANSI Z136.1) 

Laser System. An assembly of electrical, mechanical, 
and optical componen ts  that includes a laser. (ANSI 
Z136.1) 

Liquids. Any material that has a fluidity greater than 
that of 300 penetration asphalt when tested in accordance 
with ASTM D5, Standard Test Method for Penehutm, of Bitu- 
mi~mu.~ Materials. 

NOTE: Where not otherwise identified, the term liquid 
includes both flammable and combustible liquids. (NFPA 45) 

Combustible Liqu#l. A liquid having a flash point at or 
above 100°F (37.8°C). 

Combustible liquids are subdivided as follows: 
Class 11 liquids include those having flash points at or 

above 100°F (37.8°C) and below 140°F (60°C). 
Class 111A liquids include those having flash points at or 

above 140°F (60°C) and below 200°F (93°C). 
Class IIIB liquids include those having flash points at or 

above 200°F (93°C). 

Flammable Liquid. A' liquid having a flash point below 
100°F (37.8°C) and having a vapor pressure not exceeding 
40 psi (2068 mm Hg) at 100°F (37.8°C). 

Class I liquids are subdivided as follows: 
Class 1A liquids include those having flash points below 

73°F (22.8°C) and having boiling points below 100°F (37.8°C). 
Class 1B liquids include those having flash points below 

73°F (22.8°C) and having boiling points at or above 100°F 
(37.8°C). 

Class 1C liquids include those having flash points at or 
above 73°F (22.8°C) and below 100°F (37.8°C). 

Lower Explosive Limit or Lower Flammable Limit. 
Tim minimum concentration of combustible vapor or con> 
bustible gas in a mixture of the vapor or gas and gaseous 
oxidant above which propagation of flame will occur on 
contact with an ignition source. (NFPA 53) 

Maintenance. Performance by the user of those adjust- 
ments or procedures specified in user information pro- 
vided by the manufacturer with the laser or laser system to 
ensure the intended pertbrmance of the product. 

NOTE: It does not include openmon or servie~e as dcfined 
in this document. (ANSI Z136.1:21 CFR 1040.10) 

Maximum Allowable Working Pressure (MAWP).* 
The maximum p~:~ssure permissible at the top of a vessel in 
its normal operating position at the operating temperature 
specified for that pressure. 

Noncombustible.* A material that, in the form in 
which it is used and under  the conditions anticipated, will 
not ignite, hum,  support combustion,, or release flannnable 
vapors when subjected to fire or heat. 

Operation. The performance of the laser or laser sys- 
tem over the full range of its intended functions (normal 
operation). 

NOTE: It does not include mai~lenance or ,~ervzce. (ANSI 
Z136.1; 21 CFR 1040.10) 

Oxidizing Material. Any material that readily yields 
oxygen or other oxidiziug gas or that reacts chemically to 
oxidize combustible materials. 

Oxygen-Enriched Atmosphere (OEA). An atmosphere 
in which the concentration of oxygen exceeds 21 percent bv 
volume or the partial pressure of oxygen exceeds 160 torr 
(millimeter of mercury), or both. (NFPA 53) 

Power. The rate at which energy is emitted, trans- 
ferred, or received. 

NOTE: The units of power are watts (joules/second). 

Plasma.* A state of ionization in a gas, solid, or liquid 
that may be generated by the very high electromagnetic 
field strengths of focused laser beams or by the impact of 
high power laser beams. 

Protective Housing.* An enclosure that surrounds the 
laser or laser system that prevents access to laser radiation 
above the applicable max imum permissible exposure  
(MPE) level. (ANSI Z136.1; 91 CFR 1040.10) 

Pulsed Laser. A laser that delivers its energy in the 
form of a single pulse or a train of pulses. 

NOTE: In this document, the duration of a pulse < 0.25 
sec. (ANSI Z136.1) 

Q-Switch. A device for producing very short (approxi- 
mately 30 nanoseconds), intense laser pulses by enhancing 
the storage and dumping  of electronic energy in and out of 
the lasing medium, respectively. (ANSI Z 136.1) 

Q-Switched Laser. A laser that emits short (approxi- 
inatelv, 10 to 250 nanoseconds),  high-power pulses by 
means of a Q-switch. (ANSI Z136.1) 
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Radiant Exposure.  Energy  received by the surface in 
joules/era:'. (ANSI Z136.1 ) 

Reactive Gas. A gas that, by itselt; is readily capable of  
detonation,  explosive decomposit ion,  or  explosive reaction at 
normal  or  elevated tempera tures  and pressures. (NFPA 45) 

NOTE: Reactive gases can also be corrosive. 

Safety Can, An a p p r o v e d  conta iner ,  of  not  more  than 
5 gal (19 L) capacity,, hav ing  a spring-closing lid and spout  
cove t  and so des igned  that it will safely rel ieve internal  
pressure  when  subjected to (ire exposure .  (See Section 1-2, 
"Safe& Ca~," of NFPA 30, Flammalde a*M Comtmstihle Liquids 
Code.) (NFPA 45) 

Safety Factor. T h e  ratio of  the calculated failure pres- 
sure (or actual tai lure pressure ,  if known) to the MAWP. 

Service.  T h e  p e r f o r m a n c e  o f  those  p r o c e d u r e s  or  
a d j u s t m e n t s  d e s c r i b e d  in the  m a n u f a c t u r e r ' s  se rv ice  
instructions that  may af[ect any aspect of  the p e r t b r m a n c e  
of  the laser or  laser system. 

NOTE: It does not include mainte~m~me or operatmn as 
defined in this docunaent. (ANS1 Z136.1; 21 CFR 1040.10) 

Watt. T h e  unit  of  power  or  radiant  flux. 

NOTE: 1 watt = l joule/second. 

C h a p t e r  3 C las s i f i ca t ion  o f  Lasers  

NOTE: Classes of lasers are from ANSI Z136.1, Safe U~e of 
Laser~, and are based upon biological damage to the eve or 
skill and are not directly related to fire hazards. 

3-1 Class 1 Lasers and Laser Systems. 

3-1.1 Any laser, or  laser system conta in ing  a laser, that 
cannot  emi t  accessible laser radiat ion levels in excess of  the 
Class 1 AEL (Accessible Emission Limit) for the m a x i m u m  
possible dura t ion  i nhe ren t  in the design or  in t ended  use of  
the laser or  laser system is a Class 1 laser or  laser system 
d u r i n g  opera t ion  and is e x e m p t  from all control  measures  
or  o the r  torms of  survei l lance with the except ion of  appli- 
cable r equ i r emen t s  for e m b e d d e d  lasers. T h e  exempt ion  
applies strictly to emi t ted  laser radiat ion hazards  and not  
to o the r  potent ia l  hazards.  

3-1.2 Lasers nr  laser systems in tend&t for a specific use 
may be des ignated  Class 1 by' Laser  Safety Personnel  (LSP) 
on the basis of  that  use tbr a l imited exposure  dura t ion  of  
T,,~, x of  less than 3 x 104 sec, p rov ided  that  the accessible 
laser radiat ion does not  exceed the co r r e spond ing  Class 1 
AELs for the max imun l  possible dura t ion  i nhe ren t  in the 
design or  in t ended  use of  the laser or  laser system. 

3-2 Class 2 and Class 2a Visible Lasers and Laser Systems. 

3-2.1 Class 2 lasers and laser systems include: 

(a) Visible (0.4 to 0.7 mic romete r s )  con t inuous  wave 
(cw) lasers and laser systems that can emi t  accessible radi- 
ant  power  exceed ing  the Class 1 AEL for the m a x i m u m  
possible dura t ion  inhe ren t  in the design or  in t ended  use of  
the laser or  laser system, but  not  exceed ing  1 mW. 

(by Visible (0.4 to 0.7 micrometers)  repeti t ively pulsed 
lasers and laser systems that  can emi t  accessible radiant  
power  exceed ing  the appropr i a t e  Class 1 AEL for the max- 
i m u m  possible dura t ion  i nhe ren t  in the design or  in t ended  
use of  the laser or  laser system, but  not  exceed ing  the Class 
1 AEL tor a 0.25-see exposure  durat ion.  

3-2.2 Visible (0.4 to 0.7 micrometers)  laser and laser sy's- 
terns in tended  tor a specific use where  the ou tpu t  is not  
in t ended  to be viewed should be des ignated  Class 2a by the 
LSP, p rov ided  that the accessible radiat ion does not  exceed 
the Class 1 AEL for an exposure  dura t ion  less than or  
equal  to 1() :~ sec. 

3-3 Class 3a and Class 3b Lasers and Laser Systems. 

3-3.1 Class 3a and  Class 3b laser  and  laser  systems 
include: 

(a) I n f l a r ed  (1.4 mic romete r s  to 1 ram) and ul t raviolet  
(0.2 to 0.4 micrometers )  lasers and laser systems that  can 
emit  accessible radiant  power  in excess of  the Class 1 AEL 
for the m a x i m u m  possible dura t ion  i n h e r e n t  in the design 
of  the laser or  laser system, but  that (a) cannot  emi t  an 
average  radiant  power  in excess of  0.5 W for _> 0.25 sec, or  
(by cannot  p roduce  a radiant  energy  grea te r  than 0.125 J 
within an exposure  t ime < 0.25 seconds. 

(by Visible (0.4 to 0.7 micrometers)  cw or  repetitively' 
pulsed  lasers and laser systems that  p r o d u c e  accessible 
radiant  power  in excess of  the Class 1 AEL for a 0.25-see 
e x p o s m e  t ime ( l m W  fbr a cw laser), but  that  cannot  emi t  
an average  radiant  power  grea te r  than 0.5 W. 

(c) Visible and near - inf ra red  (0.4 to 1.4 micrometers)  
s ingle-pulsed lasers that can emit  accessible radiant  energy  
in excess of  the Class 1 AEL, but  that  cannot  p roduce  a 
radiant  exposure  that exceeds 0.03 J for wavelengths  less 
than or  equal  to 0.7 mic romete r s  or  0.03 Ca] fi)r wave- 
lengths  grea te r  than 0.7 micrometers .  

NOTE: The wdue for C A varies fi-om 1 to 5 in the 0.4 to 
1.4 micrometer range. 

(d) Near - inf ra red  (0.7 to 1.4 micrometers)  cw lasers or  
pulsed  lasers that  can emi t  accessible radiant  power  in 
excess of  the Class 1 AEL for the Tm~,~ i nhe ren t  in the 
design or  in tended  use of  the laser or  laser system, but  that 
cannot  emit  an average  power  of  0.5 W or  grea te r  tor a 
per iod  _> 0.25 sec. 

3-3,2 All Class 3 lasers and laser systems that have an 
accessible ou tpu t  power  be tween 1 and 5 times the Class 1 
AELs tot  wavelengths  less than 0.4 mic romete r s  05 g rea te r  
than 0.7 micrometers ,  or  5 times the Class 2 AELs for 
wavelengths  be tween  0.4 and 0.7 micrometers ,  are  classi- 
fied Class 3a. 

3-3.3 All Class 3 lasers and laser systems that  do not  mee t  
the r equ i r emen t s  of  3-3.2 are classified as Class 3b. 

3-4 Class 4 Lasers and Laser Systems. Class 4 lasers and 
laser systems include: 

3-4.1 Ultraviolet  (0.18 to 0.4 micrometers)  and in f la red  
(1.4 mic romete r s  to 1 ram) lasers and laser systems that  (a) 
emit  an average accessible radiant power  in excess of  0.5 W 
tin- a period _> 0.25 sec, or  (by produce  a radiant energy 
greater  than 0.125 J within an exposure  time of  < 0.25 sec. 
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3-4.2 Visible (0.4 to 0.7 micrometers) and near-inflared 
(0.7 to 1.4 micrometers) lasers and laser systems that (a) 
emit an average accessible radiant  power of 0.5 W or 
greater for periods _> 0.25 sec, or (b) produce a radiant 
energy in excess of 0.03 Cal. 

NOTE: The value tbr C A varies fi'om 1 to 5 in the 0.4 to 
1.4 micrometer range. 

Chapter 4 Evaluat ion  o f  Laser B e a m  Igni t ion  
Potent ia l  

4-1 General. 

4-1.1 The laser classes of the ANSI Z136.1 or 21 CFR 
1040.10 standard are based upon biological damage to the 
eye or skin. The limits of the classes depend on wavelength 
and duration of emission. These classes should be consid- 
ered only as an approximate guide for ignition potential. 

4-1.2" CW laser beams producing  irradiances in the 
order of 0.5 W/cm'-' or greater may be considered to be 
ignition hazards. 

NOTE: Value is an estimate onlv. Lower values may be 
possible, particularly in an oxyge'n-enriched atmosphere, 
depending on the thickness and tlle physical properties of 
the material. 

4-1.3 Ignition potential of pulsed lasers depend on radi- 
ant exposure, pulse duration, and pulse repetition rate. 
Very high repetition rates may produce ignition hazards 
similar to CW laser beams. 

4-2 Beam Ignition Potential of Laser by Class. 

4-2.1 Class 4 lasers should always be considered to be 
beam ignition hazards. 

NOTE: For Class 1 lasers that are an embedded Class 4 
laser, see 4-2.4. 

4-2.2 Lasers in the upper  power and energy levels of 
Class 3b can be beam ignition hazards. 

4-2.3 Lasers in the lower power and energy levels of Class 
3b are often incapable of being beam ignition hazards. 

4-2.4 Class 1, Class 2, and Class 3a lasers typically are not 
considered to be beam ignition hazards. 

NOTE: Class 1 lasers that are an embedded Class 4 laser 
may present 5he same I)eam ignition potential as Clas,s 4 
lasers. 

4-3 Factors Affecting Ignition Potential. 

4-3.1 The ignition potential is a tunction of the irradiance 
at the fuel, duration of exposure, and nature of the fuel. 

4-3.2 Laser beams that have low irradiance may be capa- 
ble of being focused to an irradiance sufficient to cause 
ignition. 

4-3.3 Since ignMon occurs when enough energy has been 
absorbed by the the[ to raise it to its ignition temperature,  
both the irradiance and the exposure time at the target are 
important. 

4-3.4 In oxygen-enriched atmospheres, exposure times 
[or ignition and energy for ignition might be reduced. 

4-3.5 In general, for a given fuel, thinner  constructions 
might require less energy or shorter exposure for ignition 
than thicker constructions. 

4-3.6 Certain Q-switched or mode-locked lasers are capa- 
ble of generating plasma in air or other media. 

NOTE: The plasma itself might be an ignition source even 
if its originating laser is not. 

4-4 Ignition Testing. 

4-4.1 Testing under  controlled conditions ~-hay be appro- 
priate if it has not been determined whether a particular 
Class 3b laser is an ignition hazard. 

Chapter  5 Laser B e a m  Ign i t ion  

5-1 Scope. This chapter covers the potential fuels and 
oxidizing gaseous atnmspheres that might be present dur- 
ing the use of a laser and that could result in a fire. 

5-2 Nature of Hazard. A beam ignition hazard might 
exist during the use of a laser, e.g., in a research, commer- 
cial, industrial, nfilitary, or health care facility. 

5-3 General. Before a laser is used, the beam intensity 
profile and alignment should be determiued, the appropri- 
ate beam stop materials should be in place, and the facility, 
control measures, safety, and training programs should be 
established using ANSI Z 136.1, Safe Use of Lasers. 

5-4 Health Care. 

5-4.1 Facility. The health care tacility where tile medical 
laser is used should conlbrm to ANSI Z136.3, Sap; Use of 
Lasers in Health Care Facilities; NFPA 101 ~', LiJ~' so(rely Code~'; 
and NFPA 99, SlandardJbr Health Care Facihties. These doc- 
uments include requirements on entry and exit access, 
posted signs, limited access, and Imam barriers at all win- 
dows and doors. 

5-4.2 Combustible Substances. It should be recognized 
that no materials, excepting the noble metals, can be cate- 
gorically considered "fire sat;e'" when impinged on by a 
laser beam in the presence of oxygen-enriched atmo- 
spheres. Potential fuels in heahh care thcilities include, but 
are not limited to: 

(a) Patie~ds. Hair, gastrointest inal  gases (methane,  
hydrogen, and hydrogen sulfide). 

(b) PreppingAge~ls. Degreasers (ether, acetone, aerosol 
adhesives, alcohol), tinctures (Hibitane TM, Merthiolate TM 

collodion, benzoin). 

(c) Fabric Products. Towels, surgical drapes, dressings, 
gowns, masks, shoe covers, caps/hoods, gauze, sponges, 
patient warming devices. 

(d) Plastic~Rubber Products. Surgical drapes, gloves, 
anesthesia masks, tracheal tubes, breathing circuits, patient 
warming devices. 

(e) Omlmenls. Petroleum-based jelly. 

(f) Laser Ctrcuitr, y. Beam tubes, fiber optic cables. 
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5-4.3 Gases. 

5-4.3.1 Flammable Gases. Flammable gastrointestinal 
gases such as methane, hydrogen, and hydrogen sulfide 
present a unique hazard. Precautions to eliminate or man- 
age these gases should be taken. 

5-4.3.2 Oxidizing Gases. Ignition may be enhanced by 
the use of oxygen-enriched atmospheres that are created 
by tim use of respiratory or anesthetic gases, or both, e.g., 
oxygen and nitrous oxide. 

5-4.3.3 Nonflammable gases. Nonflammable anesthetic 
gases and vapors have replaced flammable anesthetic gases 
and vapors in the United States. 

5-4.4 Operating Room Environment. If an oxygen- 
enriched atmosphere exists, i.e., exceeds 21 percent oxy- 
gen. additional precautions should be taken, as the proba- 
bility ot ignition is increased. 

NOTE 1: Many materials can ignite fl'om contact with a 
laser beam in ambient air. 

NOTE 2: Additional precautions include, but are not lim- 
ited to: 

(a) Laser and fire safety training programs: 
(b) Selectkm of appropriate barrier materials: 
(c) Selection of materials with reduced ignition potential 
and flame spread: 
(d) Limitation of oxidizers; and 
(e) Limitation of laser energy. 

5-4.5 Before Using Laser. 

5-4.5.1 Beam Alignment. If  an a l i g n m e n t  beam is 
present, proper coincident with the treatment beam should 
be verified before each use. 

5-4.5.2 Beam Intensity Profile. If the laser has been 
determined to be a beam ignition hazard, the intensity pro- 
file should be determined before each use. 

5-4.6 Beam Stop Materials. Befbre the laser is used, it 
should be determined that the appropriate  beam stop 
materials are in place. 

5-4.7 Educat ion.  Education should be in accordance 
with that stated in ANSI Z136.3, S({/e Use of Lasers in Health 
Care Facilities, Section 5. Detailed training in laser satiety 
should be required tor those health care personnel using a 
medical laser, or responsible for patient care dur ing the 
use of a medical laser. Those persoff51el include the sur- 
geon or physician using the laser, the laser safety officer, 
anesthesia personnel, nursing staff, and other health care 
personnel as. appropriate. 

Chapter 6 Des ign and Fire Safety Features o f  
Laser Equipment  

6-1 General.  Lasers can operate continuously for long 
periods of time, and might be unattended.  The recommen- 
dations in this chapter deal with fire safety design and 
selection of materials used in the construction of the laser, 
including: 

(a) Circuit boards and support structures; 

(b) Acoustical, thermal, and electrical insulation; 
(c) Cabinetry; 
(d) Cooling equipment; and 
(e) Control equipment.  

6-2 Laser Equipment Employing Ignitible Liquids or 
Flammable Gases. 

6-2.1 Laser equipment  employing ignitible liquids should 
have a means to control or contain ignitible liquid spills 
using noncombustible materials. 

6-2.2 When ignitible solvents are used, such as in dye 
lasers, products with the highest possible flash point consis- 
tent with the necessary solvent properties should be used. 

6-2.3 Laser equ ipment  having oil-cooled components  
should employ a nonflammable fluid or a fluid with the 
highest flash point and ignition temperature that is consis- 
tent with the necessary coolant properties. 

6-2.4 Pumps, motors, and other electrical components in 
laser equipment  that employ ignitible liquids or flammable 
gases should be of intrinsically safe design or be appropri- 
ately rated fbr the application. (See Article 500 of NFPA 70, 
National Eleclrical Code®.) 

6-2.5 Metal tubing is recommended for use with ignitible 
liquids or flammable gases. Where plastic tubing is used, it 
should have a pressure rating of 1.5 times the maximum 
allowable working pressure, be of a material with the highest 
melting point and ignition temperature consistent with other 
necessary properties, and be the shortest length necessary. 

6-3 Materials of Construction. 

6-3.1" The use of combustible materials should be mini- 
mized. Materials used inside the laser equipment  enclosure 
should be evaluated liar ignition and heat release proper- 
ties. Materials having the longest time to ignition and the 
lowest heat release rate that are consistent with the electri- 
cal and mechanical properties needed should be selected. 

6-4 Laser Equipment Ventilation. 

6-4.1 Exhaust fi'om laser enclosures should be directed to 
an area where it will not cause unacceptable damage if a 
fire occurs inside the laser enclosure. 

6-5 Alarms and Controls. 

6-5.1 Laser systems utilizing materials and components 
that present a fire hazard should incorporate circuitry that 
can be used for emergency shutdown by fire detection sys- 
tems, manual or other means. The design of the circuit 
should not permit automatic restart with restoration of 
power following a remote shutdown. 

6-5.2 The temperature of coolants and ignitible liquids 
should be monitored to warn of excessive rate of heating or 
approach to threshold temperature. Provisions should be 
made for alarm and automatic shutdown should such con- 
ditions be detected. 

6-5.3* When appropriate tbr life safety or property dam- 
age purposes, the laser equipment  cabinet or exhaust can 
be monitored for the presence of precombustion products, 
such as hydrogen chloride or submicron particulate, that 
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can be produced by component  overheating or from prod- 
ucts of combustion. Multiple alarm thresholds such as 
"warning," "alarm," and "automatic shutdown" should be 
considered. 

6-5.4 Degradation of components that could lead to a fire 
can frequently be noted by monitoring various components 
or fnnctions. Some items that can be monitored include 
component temperature, device electrical parameters, or 
the laser power. The fiequency or magnitude of power 
excursions exceeding specified values can be an indicator 
of incipient fire hazards. When such monitoring is pro- 
vided, alarm and automatic shutdown levels can then be 
established. 

6-6 Manuals and Training. 

6-6.1 Manufacturers' manuals should provide information 
on the fire satety features of the equipment and on the pro- 
cedmes to be followed for fire-safe operation, as appropriate. 

6-6.2 Where manufacturers provide instructions on laser 
system operations, fire safety features and fire hazards spe- 
cific to the system should be included, as appropriate. 

6-6.3 Manutacmrers '  manuals should provide guidance 
for dealing with fire emergencies and the post-fire testing 
and restoration of the equipment,  as appropriate. 

Chapter 7 F lammable  Gases  

7-1 General. 

NOTE: For general requirements regarding cylinder stor- 
age and handling, see NFPA 55, Storage, U% and HcoMling 
of Compressed ~md Liquefied Gases in Portable Cyli~Mer~. 

7-1.1 To determine if a gas is flammable, the rating as 
listed in ANSI B57.1, Sta~Mard Jbr Compressed Gas C~linder 
Valve Outlet a~M hdet Com~ectio.ns, should be used. 

7-2 Work Practices. 

7-2.1 Laser systems utilizing or containing flammable 
gas(es) should be so labeled. 

7-2.2 Gas shutdown capability should be provided both at 
the location of use and remotely. 

7-2.3 "Flammable Gas --  No Smoking" signs should be 
posted conspicuously near the supply and usage locations 
of the flammable gases. 

7-2.4 When piping for flammable gases is not in use, it 
should be capped. 

7-2.5 No modifications should be made to pressure 
containers or pressure relief devices by anyone except 
the supplier. 

7-2.6 Systems should be regularly maintained as recom- 
mended by the manufacturer. 

7-3 Fire Safety. 

7-3.1 Appropriate  combustible gas sensors should be 
located near the area of use of the flammable gases except 

where deinonstrated by calculation that 25 percent of the 
lower explosive limit (LEt,) cannot be reached if the entire 
contents were to discharge. 

7-3.2 If the supply of flammable gases is located indoors, 
appropriate conlbustible gas sensors should be used except 
where demonstrated by calculation that 25 percent of 
the LEL cannot be reached if the entire contents were to 
discharge. 

7-3.3 If possible, combustible gas sensors should be inter- 
locked with the ventilation system, and the exhaust venti- 
lation increased at 25 percent of the LEI,. 

7-3.4 At 25 percent of the LEL, combustible gas sensors 
should sound an atMible alarm. 

7-3.5 At 50 percent of the LEt,, tbe combustible gas sen- 
sors should sound an audible alarm and automatically shut 
off the supply of gases. 

7-4 Facilities and Equipment. 

7-4.1 General. 

7-4.1.1 Indoor  cylinder use should be limited to lecture 
bottle size unless the cylinder(s) is kept in an approved 
ventilated cabinet, or unless the room is provided with suf- 
ficient ventilation to keep tim gas concentration below 
25 percent of the LEL if the entire contents of the cylin- 
der(s) in use were to discharge. 

7-4.1.2" Outside flammable gas supplies in excess of 
400 ft :~ (11.3 m :~) should be separated from oxidizing gases 

• by 20 ft (6.1 m) or a 2-hour fire-rated barrier. 

7-4.1.3 Exterior flammable gas supply capacity should be 
evaluated as to not exceed combustibility limits if acciden- 
tally released into any closed area where supply gas lines 
are routed. Evaluation of closed areas where combustible 
gas mixtures might occur should include assessments of 
installed ventilation system air exchange rates, and exhaust 
systems if present. Enclosed areas where flammable gases 
could exceed combustibility limits should have combustible 
gas sensors. General air dynamics within the closed areas 
should be evaluated for determination of location for com- 
bustible gas sensors. 

7-4.1.4 Exter ior  f lammable gas supplies  capable of 
exceeding combustibility limits of enclosed areas where gas 
supply lines are routed should be interlocked with combus- 
tible gas sensors. A combustible gas sensor alarm should 
shut off the gas supply at the source, and vent the gas sup- 
ply lines fiom the enclosed area(s) to a safe location. 

7-4.1.5 Exhaust vents should be located away from air 
intakes by at least 25 ft (7.6 m), except 50 ft (15.3 m) for 
hydrogen. If venting above a roof, piping should be high 
enough to mitigate the chance of flammable gas buildup in 
an undesirable location. 

7-4.2 Piping. 

7-4.2.1 Piping should be cleaned and compatible with 
the gas. 

7-4.2.2 Piping should be designed to a safety factor of 
fuur and tested to 1.5 times the maximum allowable work- 
ing pressure. 

1995 Edition 



115-10 LASER FI RE PROTECTION 

7-4.2.3 Piping should be pressure tested and then leak 
checked prior to initial use and periodically thereafter, as 
appropriate. 

7-4.2.4 Flammable gas vent lines should be dedicated and 
separate fi'om oxidizing gas vent lines, and should termi- 
nate in a safe location. 

7-4.3 Regulators. 

7-4.3.1 Regulator diaphragm failmes should be consid- 
ered when locating a f lammable gas regulator  in an 
enclosed area. Flammable gas regulators with bonnet  fit- 
tings tot  p ip ing  external  ven t ing  should be used in 
enclosed areas. Standard gas regulators do not have these 
fittings and release supply gases through vent holes located 
in the bonnet  in the event of a regulator diaphragm tail- 
ure. Vents should be piped to a sale location. 

7-4.3.2 If low pressures are required for use, a two-stage 
regulator is recommended. 

7-4.3.3 Vents fiom regulators should be piped to a safe 
location. 

7-4.3.4 The regulator should not be used as a flow con- 
trol. A flow control valve or a supplementary valve down- 
streain of the regulator should be used for control of flow. 

7-5 Electrical Requirements. Electrical circuits, devices, 
fixtures, and grounding in the area of a laser classified as 
hazardous and for direct connection of the laser, are to be 
installed in accordance with the appropriate sections of 
NFPA 70, National Elechical Code. 

7-6 Training. 

7-6.1 Facilities using flammable gases should have a thor- 
ough training program in emergenc)  procedures for all 
employees. 

7-6.2 The training program should include drills, aware- 
ness of fire protection features, liaison with fire-fighting 
personnel, and knowledge of remote shutoff for gases. 

Chapter 8 Reactive Gases 

8-1 General. 

NOTE: For general requirements regm:dlng cylinder slot- 
age ,rod handling, see NFPA 55, Sla~ldardjbr the'Storage, Use, 
and Handhng of Compres.sed and Liquefied Ga.~e.~ m Portable 
(;ylinders. 

8-2 Work Practices. 

8-2.1 The reactive gas system should be labeled to iden- 
tify its contents. 

8-2.2 Gas shutdown capahility should be provided both at 
the location of use and remotely. 

8-2.3 Where possible, the gas cabinet should be located 
outdoors. 

8-2.4 When not in use, compressed gas cylinders contain- 
ing reactive gases should be capped. 

8-2.5 When connect ing or disconnect ing bottles, the 
manifi~ld system should be purged to mininfize the effect of 
corrosion of the system. 

8-2.6 Systems should be regularly maintained as recom- 
mended by the manufacturer .  A system data package. 
including a maintenance log, should be maintained. The 
data package also should include installed exhaust calibra- 
tion data. 

8-2.7 Reactive gases cylinders should be located in an 
approved ventilated cabinet. (See Section 7-4 o /NFPA 55, 
Standard for the Storage, Use, and Handling of Compressed and 
Liquefied Gases in Portable C~linders.) 

8-2.8 No modifications should he made to pressure 
containers or pressure relief devices by anyone except the 
supplier. 

8-3 Fire Safety. 

8-3.1 Written procedures should be followed for cylinder 
changing and maintenance. 

8-3.2 A limiting orifice should be installed on each cylin- 
der to limit the release rate of the gas. 

8-3.3* Gas cabinets should be provided with a sprinkler 
system inside the cabinet. The sprinkler system should be 
protected from corrosion where necessary. 

8-3.4 Only the smallest quantity or percent of reactive 
gas necessary should be used. Premixed gases should be 
used to minimize the need for highly concentrated reactive 
gases. 

8-3.5 The regulator chosen for use should be compatible 
with the reactive gas. 

8-4 Facilities and Equipment. 

8-4.1 General. 

8-4.1.1 If the veutilated cabinet is located indoors, consid- 
eration should be given to connecting the cabinet to emer- 
gency power to provide continued exhaust capability. 

8-4.1.2 Exhaust from the laser system should be designed 
to ensure dilution below reactive levels, or the exhaust 
should be mixed with an inert gas. 

8-4.1.3 Exhaust systems should be designed to ensure 
that the exhaust does not stagnate in exhaust piping. 

8-4.1.4 The supply control valve should be a solenoid 
valve designed to close in the event of loss of electrical 
power. 

8-4.1.5 The piping exhaust should be located away flom 
air intakes by at least 25 ft (7.6 m). I t  venting above a rooE 
piping should be high enough to nfitigate the chance of 
flammable gas buildup in an undesirable location. 

8-4.2 Piping. 

8-4.2.1 Piping should be cleaned and compatible with 
the gas. 

8-4.2.2 Piping should be designed to a satiety t~tctor of 
foul and tested to 1.5 times the maximum allowable work- 
ing pressure. 

1995 Edition 



FL,\MMABLE LIQUIDS USED IN LASER SYSTEMS 115-11 

8-4.2.3 Piping should be pressure tested and then leak 
checked prior  to initial use and periodically thereafter,  as 
appropriate.  

8-4.2.4* Piping should be purged  with an inert  gas dur-  
ing long periods of nonuse, maintenance,  or servicing. 

8-4.2.5 "Face-seal"-type fittings are acceptable. Threaded  
or compression fittings should not be used, as they can 
trap contaminants and be difficult to purge.  

8-4.2.6 If there is the possibility of contamination of the 
system by other  gases or foreign material, suitable traps or 
check valves should be installed. 

8-4.3 Regulators. 

8-4.3.1 Vents from regulators should be piped to a safe 
location. 

8-4.3.2 If low pressures are required for use, a two-stage 
regulator  is recommended.  

8-4.3.3 Regulator d iaphragm failures should be consid- 
ered when locating a reactive gas regulator  in an enclosed 
area. Reactive gas regulators with bonnet  fittings for piping 
external  venting should be used in enclosed areas. Stan- 
dard  gas regulators do not have these fittings and release 
supply gases through vent holes located in the bonnet  in 
the event of a regulator  d iaphragm fhilure. Vents should 
be piped to a sate location. 

8-4.3.4 The regulator  should not be used as a flow con- 
trol. A flow control valve or a supplementary  valve down- 
stream of the regulator  should be used tot control of flow. 

8-5 Electrical Requirements. Electrical circuits, devices, 
fixtures, and grounding  in the area of  a laser classified as 
hazardous and for direct connection of the laser, are to be 
installed in accordance with the appropr ia te  sections of 
NFPA 70, Natiomd Electru:al Code. 

8-6 Training. 

8-6.1 Facilities using reactive gases should have a thor- 
ough training p rogram in emergency procedures  tor all 
employees. 

8-6.2 The  training program should include drills, aware- 
ness of fire protection features, liaison with fire fighting 
personnel,  and knowledge of remote shutoff for gases. 

Chapter 9 Flammable Liquids Used in Laser 
Systems 

9-1 General. 

9-1.1 Dye lasers normally use a lasing medium composed 
of a complex  f luorescent  organic  dye dissolved in an 
organic solvent. Practically all solvents suitable tbr dye 
solutions are ignitible. Some dye solutions come pre- 
mixed f lom the manufactnrer, in which case eflbrts 
should be made to de termine  which solvent was used fbr 
the preparat ion.  

9-1.2 To minimize the risk of fire involving flammable 
liquids, the precautions in this chapter  should be fbllowed. 

9-2 Work Practices. 

9-2.1 Signs such as "Caution: Flannnable Liquids - -  No 
Smoking: No Open Flames" should be posted in conspicu- 
ous locations in the area and at approaches to the area. 

9-2.2 Flammable liquid lines (piping and tubing) should 
be capped when not in use. 

9-2.3 Containers of flammable liquids should be closed 
and stored in a cool place. Secondary contaimnent  for all 
flammable liquids should be provided.  Each container and 
the f lammable  l iquid c i rcula t ion h a r d w a r e  should  be 
labeled, and include tile word "FLAMMABLE." 

9-2.4 Flammable liquid dye solutions should be trans- 
por ted  in closed, labeled containers. Containers should be 
made  of  impact - res i s tan t  and dye so lu t ion-compat ib le  
materials. : ,  ! 

9-2.5 Flammable and combustible liquids that are to be 
dispensed should be stored in safety: cans. (See NFPA 30, 
Flammable alzd Combustible Liquids Code, 7?lble 4-2.3, [br the 
maximum allowable size of co~tail~ers.) 

9-3 Fire Safety. 

9-3.1 Solutions of flammable liquids should be kept away 
from heat, flames, electrical receptacles, and other sources 
of ignition. 

9-3.2 Oxidizing materials should be kept separate f iom 
flammable dye mixtures and flammable liquids. 

9-3.3 Flammable and combustible liquid waste should be 
stored in wide-mouthed safety cans. The  container should 
be labeled "'For Flammable Liquid Waste Only." Corrosive 
materials should not be placed in a fllainmable liquid waste 
container.  Waste may be t ranslkrred to drnms or 5-gal 
(18.9-L) steel Depar tment  of Transpor ta t ion (DOT) ship- 
ping containers where stored in approved locations. 

NOTE: Placing corrosive materials in a flammable liquid 
container could result in a fire or explosion. 

9-3.4 F l ammab le  and combus t ib le  l iquid con ta ine r s  
should be stored in approved  flammable liquid storage 
cabinets. Only a working quantity of  liquids should be 
allowed outside such cabinets, 

9-3.5 When flammable liquids are being used, the area 
should  be p r o p e r l y  vent i la ted  to p reven t  bu i l dup  of 
ignitible vapor/air mixtures to a maximum of 25 percent  of 
the I~EL. 

9-3.6* Equipment ot- activities likely to produce a static 
spark should be electrically' interconnected (i.e., bonded) to 
the g rounding  system in the area. 

9-4 Facilities and Equipment. 

9-4.1 The flammable liquid dye work area should be kept 
clean and orderly to minimize the tirol paths that thcilitate 
tile spread of fire. Combustibles should not be located 
adjacent to the flammable liquid circulator pump.  

9-4.2 Flammable liquid dye circulating systems should be 
leaktight. Connections more r igorous than barb-type fit- 
tings or slip-on fiiction fittings without clamps should be 
used. Compress ion- type  fittings are r e c o m m e n d e d  fi)r 
flammable liquid lines. 
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9-4.3 Flammable liquid circulating systems and compo- 
nents should be pressure tested to 1.5 times the maximum 
allowable working pressure (MAWP) prior to initial use. 
Special attention should be given to tubing connections. 
The integrity of all tuhing and connections should be 
checked periodically to ensure that degradation has not 
occurred. 

9-4.4 Noncombus t ib l e  c o n t a i n m e n t  pans should be 
installed under  pumps and reservoirs to prevent a spill 
from spreading. The pan should be large enough to con- 
rain the total volume of the flammable liquid circulating 
system. 

9-5 Electrical Requirements. Electrical circuits, devices, 
fixtures, and grounding in the area of a laser classified as 
hazardous and for direct connection of the laser, are to be 
installed in accordance with the appropriate sections of 
NFPA 70, National Electrical Code. 

9-6 Large Volume Flammable Liquid Systems. 

9-6.1 Where large volume flammable liquid systems [5 gal 
(18.9 L) or more] are used, NFPA 30, Flammable a~M Combus- 
Oble Liqui(£ Code, should be followed. 

9-6.2 Pressure sensors or flow sensors, or both. should be 
installed to automatically turn otf the circulating pumps in 
the event of a rupture  or leak of the flow system. 

9-6.3 Liquid level sensors should be installed on the 
pump reservoir to detect a decrease in system liquid vol- 
ume due to leak or rupture.  Liquid level sensors should be 
interlocked with the pumping  system to shut down upon 
activation of the sensors. 

9-6.4 Enclosed areas should be ventilated at a rate suffi- 
cient to maintain the vapor concentration within the area 
at or below 25 percent of the lower explosive limit (LEL). 
This should be confirmed by one of the following: 

(a) Calculations based on the anticipated fugitive emis- 
sions, or 

(b) Sampling of the actual vapor concentration under  
normal operating conditions. (See NFPA 30, Flammable a~d 
Combustible Liquids Code, 5-3.3.) 

9-6.5 The use of combustible vapor sensors interlocked 
with room ventilation and with the pumping system is rec- 
ommended.  The exhaust ventilation should switch to high 
speed at 25 percent of the lower explosive limit (LEL) to 
prevent the buildup of flammable vapor concentrations. At 
50 percent of the LEL, an alarm should sound, and the 
pumping system should shut down. 

9-6.6 A liqtud detection device(s) should be installed to 
detect leaks or spills within laser enclosures. 

9-6.7 Remote shutdown (e.g., crash buttons) capability 
for the laser pumping  system should also be provided ibr 
personnel to activate in case of emergency. The crash but- 
tons should be located near main exits of the area. 

9-6.8 Buildings or structures housing large volume flam- 
mable liquid systems should be of fire-resistive or noncom- 
bustible construction. 

Exceptiot~: Combustible co,~struction may be used where auto- 
matic fire sprinklers or equivalent protectio~ is provided, subject to 
the approval of the authority havi~g jurisdiction. 

Where walls are required tbr separation from other 
occupancies or property lines, they should have a fire resis- 
tance rating of at least 2 hours. (See NFPA 30, Flammable 
and Combustible Liquid~ Code, 5-3.2.) 

9-7 Spill Cleanup. 

9-7.1 Flammable  l iquid spills should be cleaned up 
promptly. Materials used to clean up spills are to he treated 
as f lammable waste and should be disposed of using 
approved flammable waste containers. 

9-7.2 In the event of a large volume flammable liquid 
spill, the fire department  should be notified. 

9-8 Waste Disposal. 

9-8.1 Flammable liquids absorbed into solids and objects 
contaminated with flammable liquids should be disposed of 
as flammable waste. If only small amounts of waste are 
generated, they mav be placed in safety cans with self- 
closing lids. The cans should be emptied at least monthly. 

NOTE: The flammable liquid-soaked materials can be 
highly flammable and capable of autoignition. 

9-8.2 Flammable liquid dye solutions should be disposed 
of in approved safety cans. 

9-9 Training. 

9-9.1 Employees should be apprised of the fire safety haz- 
ards of the materials and processes to which they are 
exposed. [See OSHA 1910.38(b)(4)(i).] 

9-9.2 Employees should review upon initial assignment 
those parts of the fire prevention plan that they must know 
to protect themselves in the event of an emergency. The 
written plan should be kept in the workplace and made 
available for employee review. 

9-10 Maintenance. 

9-10.1 All equipment  should be properly maintained,  
and periodic inspections sts should be done in accordance 
with both standard practice and equipment  manufacturers '  
r ecommendat ions .  A writ ten log of these inspections 
should be maintained. 

Chapter 10 Operations/Administration 

10-1 Scope. 

10-1.1 This chapter covers the operations, housekeep- 
ing, maintenance, and service of lasers and laser systems, 
and the training of all persons associated with the installa- 
tion, operation, maintenance,  and service of lasers and 
laser systems. 

10-2 Operations. 

10-2.1 Lasers and laser systems should be operated as 
appropriate in accordance with the following documents: 

(a) American National Standards Institute (ANSI). 

1. Safe Use of Lasers, ANSI Z136.1 revised. 

2. Safe Use of Lasers in Health Care Facilities, ANSI 
Z136.3. 
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(b) Occupa t iona l  Safety and Heal th  Admiu i s t r a t ion  
(OSHA). 

1. Guidelines for La~er Safety and Hazard dssessme~t, 
OSHA Instruction Pub 8-1.7• 

(c) Center fbr Devices and Radiological Health (CDRH), 
Food and Drug Administrat ion (FDA). 

1. 21 CFR Chapter  Part 1040 - Pe~forma~me Standards 
fbr Light Emitting Products. 

(d) Joint  Commission on Accreditation of Heal thcare 
Organizations (JCAHO). 

(e) State rules and standards.  

10-2.2 Laser Safety personnel (LSP). Where lasers pre- 
senting a tire hazard are used, specific personnel  shoukl be 
designated to monitor  and enforce the control of laser haz- 
ards and eflect the knowledgeable evaluation and control 
of laser hazards. 

10-2.3 Laser Modifications. Modifications to certified or 
uncertified lasers shouM meet all requirements  of the min- 
imum standards and should be reviewed and approved by 
the LSP. Whenever  deliberate modifications are made that 
could change the laser class and affect the output  power, 
operat ing characteristics, or fire hazards, the LSP should 
specify whe ther  any changes in control  measures  are  
required,  

10-2.4 Fire Extinguishing Agents. Fire ext inguishers  
should be of a type and size to extinguish a fire occurring 
within the laser equipment  and as a result of the laser 
beam. Extinguishing agents should be readily available to 
the laser location(s) and should be checked periodically. 
The  LSP should de termine  the type and quality of extin- 
guishing agents necessary for the specific laser installa- 
tion(s), and consult with the manufacturers  tbr their sug- 
gestions. T r a i n i n g  should  be p rov ided  on the use of 
portable fire extinguishers. 

10-2.5 Fire-Reslstant Materials. Materials adjacent to a 
laser that can be an ignition hazard should be evaluated tbr 
their fire propert ies  (e.g., ignition, flame spread,  oxygen 
index)• 

NOTE: A study on the flammability of surgical drapes has 
been described. "(See F-1.2.3.) 

10-2.6 Notification of Laser Fire Incidents. After an 
incident, the form in Appendix  C of this document  should 
be filled out and submitted to NFPA. Appropr ia te  local, 
state, and federal agencies should be notified. 

10-3 Housekeeping.  Laser equipment,  systems, installa- 
tion, and suppor t ing materials and equipment  should be 
maintained in a clean, neat, and order ly  condition. Electri- 
cal and mechanical ventilation equipment  should be main- 
rained to remain  safe and fully opera t ional .  The  LSP 
should ensure that the laser installation fiflly complies with 
all recommendat ions  of this document  and referenced doc- 
uments so that known hazards are proper ly  controlled. 

10-4 Maintenance and Service. 

10-4.1 "Maintenance," for the purpose  of this docu- 
ment, means the performance of those adjustments or pro- 
cedures by the user to keep equipment  in its in tended 
opera t ing  condition. Maintenance should be per formed  
using appropr ia te  adjustments and procedures.  

10-4.2 Service should be per formed using adjustments,  
repairs, or procedures  to re turn equipment  to its in tended 
state. 

10-4.3 Laser products  certified by a manufacturer  to be 
compliant  with certain standards,  such as the federal laser 
p roduc t  performance s tandards  of 21 CFR, Part 1040, 
applicable at the date of manuthcmre,  should be main- 
rained in compliance with such requirements.  

10-4.4 The LSP shotfld ensure that regular  maintenance 
schedules for each type of laser are established. Report  logs 
of all maintenance modifications and service per lb rmed  
should be kept. Maintenance checks should include all sup- 
port ing equipment.  - 

10-4.5 All electrical and mechanical systems should be 
maintained to be in full compliance with applicable codes 
and standards an;~ViDSHA guidelines. (See Appe*dix B.) 

10-5 Training and Education. 

10-5.1 A comple t e  t ra in ing  and educa t ion  p r o g r a m  
should be established to tully train those personnel  actually 
using and assisting in the use of the specific laser types. In 
addition, those using and assisting in use of the lasers and 
all suppor t  staff should be fully t rained in laser safety 
iSSUeS. 

10-5.2 M1 training should follow the guidelines estab- 
l ished in OSHA guidel ines ,  ANSI Z136.1, and  ANSI 
Z136.3, as applicable. Users, LSPs, and maintenance per- 
sonnel should a t tend  cert if ication courses where such 
courses are established. 

10-5.3 Records should be kept of all personnel  trained, 
the type of training, and any additional training or 
retraining. 

10-5.4 All new personnel should be fully trained. When 
new lasers or modifications of existing lasers are intro- 
duced, all personnel should be given addit ional training as 
required to maintain a high quality of laser use and safety. 

10-5.5 The  LSP should be responsible for overseeing that 
all training and education requirements are fully enforced. 

Chapter 11 E m e r g e n c y  R e s p o n s e  Preparedness  

11-1 Scope. This Chapter  applies when lasers and laser 
systems presenting fire hazards are used. 

11-2 Pre-Fire Planning. 

11-2.1 Prior to the operat ion of a laser, all appropr ia te  
personnel  should be familiar with emergency procedures  
including exit locations, use,of fire extinguishers, and laser 
shutdown procedures.  Efforts should be made to ensure 
that the responding fire department is aware of the haz- 
ards of the lasers. 

11-2.2 Emergency response personnel should be familiar 
with emergency shutdown procedures  tbr the laser. 

11-3 Training. 

11-3.1 Instruction of personnel in handl ing fire emergen-  
cies is equally as important  as providing adequate extin- 
guishing equipment.  In most fiacilities using a laser system, 

1995 Edition 



115-14 I,ASER FIRE PROTECTION 

d P e r s o n n e l  within the aflected space mav have pr imary  
uties quite diffment t iom fire lighting. " 

11-3.2 It is imperative that all persons working with a laser 
be thoroughly instructed in the nature of the hazards and in 
the operation of the fire-figbting equipment provided. 

11-3.3 Instruct ions should be augmen ted  by f lequent  
drills so that p roper  action can be taken immediately upon 
the occmrence  of hazardous conditions. Instructions and 
drills should be so comprehensive and specific that no time 
is lost in cons ider ing  a l ternat ive  p rocedures  or  o ther  
decision-making. 

11-3.4 All personnel  working with and using a laser 
should be trained on how to immediately shut down and 
de-energize the laser. 

11-4 Fire Brigades. 

11-4.1 Fire brigades should receive training on extin- 
guishing fires involving lasers and on emergency shutdown 
procedures.  

11-5 Fire Department Notification (Internal/External). 

11-5.1 All personnel  working in a room where lasers are 
used should be familiar with all exits and emergency noti- 
fication, including fire departn3ent notification and sound- 
lug the alarm locally. 

11-6 Emergency Shutdown/Shutoff. 

11-6.1 A master emergency electrical shutdown switch 
that will immedia te ly  de-energize  the laser should be 
located inside the room. 

11-6.2 In a hazardous or oxygen-enriched atmosphere,  a 
procedure should be developed to turn off all gases when 
appropr ia te .  

11-6.3 The last person to leave the room should close tbe 
door. 

Chapter 12 Referenced Publications 

12-1 ] 'he  following documents  or port ions thereof  are 
referenced within this r ecommended  practice and should 
be considered part  of the recommendat ions  of this docu- 
ment. The edition indicated lot  each reference is the cur- 
rent  edition as of the date of the NFPA issuance of this 
document.  ,, 

12-1.1 NFPA Publications. National  Fire Protect ion 
Association, 1 Battervmarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 3(1, Flammable a;;d Comtm,~fihle Liquids Code, 1993 
edition. 

N FPA 70, National Electrical Code, 1996 edition. 
NFPA 99, StaJMa;vljbr Health Care Facilities, 1993 edition. 
NFPA 101, LiJi? Safi,(¥ Code, 1994 edition. 
N FPA 704, Sta~Mard S~,stemfor the hle~tificatm, of  the Fire 

Hazards of  Materials, 1990 edition. 

12-1.2 Other Publications. 

12-1.2.1 ANSI Publications. American National Standards 
Institute, 11 West 42nd Street, New York, NY 10036. 

ANSI B57.1 (CGA Pamphlet  V-1-1987), Sta~Mardfor 
Com~)'ressed Ga.s C¥lhlder I/alve Outlet a~;d Inlet Connection,s. 

ANSI Z136.1, Sqfi e Use of Lasers, 1993. 
ANSI Z136.3, S @  Use of Lasers in Health Can ? Facilihes, 

1988. 

12-1.2.2 ASTM Publication. American Society fbr Testing 
and Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM D323, Sta.ndard Test Method for Vapor Pressure c f  
Petroleum Products (Rei~ Method), 1990. 

12-1.2.3 U.S. Government Publications. U.S. Govern- 
ment  Pr in t ing  Office, S u p e r i n t e n d e n t  of  Documents ,  
Washington, DC 20402. 

21 CFR (FDA), Part 1040, Chapter  1, Perlbrmance Stan- 
dards Ior Light Emitting Products, April 1, 1994. 

OSHA Instruction Pub 8-1.7, Guideli~;es for Laser Safi, ly 
a~;d Hazard Asse,~sme~d, August 5, 1991. 

Appendix  A Explanatory Material 

This Appendix ;s" m)t a parl of the, n,comme~Mahons c!f this NFPA doc~ 
u.menl but ;s included for reformational purposes o;;(~,. 

A-2-1 Approved.  The National Fire Protection Associa- 
tion does not approve,  inspect, or certify' any installations, 
procedures,  equipment,  or materials; nor does it approve 
or evaluate testing laboratories. In determining the accept- 
ability of installations, procedures,  equipment,  or materi- 
als, the authority having jurisdict ion may base acceptance 
on compliance with NFPA or other appropr ia te  standards. 
In the absence of  such s tandards ,  said author i ty  may 
require evidence of p roper  installation, procedure,  or use. 
The autbori ty having jurisdiction may also ref;er to the list- 
ings or labeling practices of an organization concerned 
with product  evaluations that is in a position to determine 
compliance with appropr ia t e  s tandards for the current  
product ion of listed items. 

A-2-1 Authority HavingJurisdictlon. The p h r a s e " a u t h o f  
ity having jurisdiction" is used in NFPA documents in a broad 
manner, since jurisdictions and approval agencies vary, as do 
their resf3onsibilities. 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 depart-  
ment,  or health depar tment ;  bui lding official: electrical 
inspector; or others having statutory authority. For insurance 
purposes ,  an insurance  inspect ion d e p a r t m e n t ,  ra t ing 
bureau, or other insurance company representative may be 
the authority having jurisdiction. In many circumstances, the 
property owner or his or her designated agent assumes the 
role of the authority having jurisdiction; at government  
installations, the commanding otficer or departmental official 
may be tim authority having jurisdiction. 

A-2-1 Listed.  The  means tor identil}'ing listed equip- 
ment  may vary for each organization concerned with prod- 
uct evaluation, some of which do not recognize equipment  
as listed unless it is also labeled. The authority having juris- 
diction should utilize the system employed by, the listing 
organization to identi~'  a listed product.  

A-2-2 Energy. Energy content is commonly used to char- 
acterize the output  ti'om pulsed lasers, and is generally 
expressed in joules (]). 
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A-2-2 Explosion. An explosion may be accompanied by a 
shock wave, or the disruption or enclosing of material or 
structures, or both. 

An explosion might result from (a) chemical changes 
such as rapid oxidation, decomposition, or runaway poly- 
merization (usually detonations); (b) deflagration; or (c) 
detonation. 

A-2-2 Flammable Liquid Storage Cabinet. Some local 
jurisdictions require bottom-venting of flammable liquid 
storage cabinets. While this is not required by NFPA 30, 
FlammMde and Combustihle Liquid~ Code, some manutacturers 
provide plugged vent connections to accommodate these 
local jurisdictions. 

A-2-2 Flash Point. The fi)llowing is taken f-am NFPA 30, 
Flammable and Combustible Liquids Code: 

The minimum temperature at which a liquid gives off 
vapor in sufficient concentration to tbrm an ignitible mix- 
ture with air near the sur[ace of the liquid within the ves- 
sel as specified by appropriate test procedure and appara- 
tus as follows: 

(a) The flash point of a liquid having a viscosity less that 
45 SUS at 100°F (37.8°C) and a flash point below 200°F 
(93°C) should be determined in accordance with ASTM 
D56, Sta~zdard Te.~t Method for Flash Point by the Tag Clo,~ed 
Tester. 

(b) The flash point of a liquid having a viscosity of 45 
SUS or more at 100°F (37.8°C) or a flash point below 200°F 
(93°C) or higher should be determined in accordance with 
ASTM D93, Standard Test Method for Flash Point by the 
Penskv-- Martens Closed Tester. 

(c) As an ahernate, ASTM D3278, Standard Test Methods 
for Flash Point of Liquids b~ Sara/lash Closed-Cup Apparatus, 
may be used for paints, enamels, lacquers, varnishes, and 
related products and their components having flash points 
between 32°F (0°C) and 230°F (110°C) and having a viscos- 
ity lower than 150 stokes at 77°F (25°C). 

(d) As an ahernate, ASTM D3828, Sta~Mard Test Methods 
, f t ,  Flash Point b~, Small Scale Closed Tester, may be used Jar 
materials other than those fbr which specific setaflash 
methods exist. 

A-2-2 Hazardous Chemical.  For hazard ratings of many 
chemicals, see NFPA 49, Hazardous Chemicals Delta, and 
NFPA 325, Guide to Fire Hazard Properties of Flammable Liq- 
uids, Gases, and Volatile Solids. 

A-2-2 In te r lock .  A specific interlock,  however,  may 
involve more than one of the types mentioned. 

A-2-2 Max imum Allowable Working Pressure.  For a 
more complete definition, see Section VII l of the Boiler and 
Pressure l/essel Code of the American Society of Mechanical 
Engineers. 

A-2-2 Noncombust ible .  Materials that are reported as 
passing ASTM E136, Standard Te.st A,lethod for l~,ehavior of 
Materials in a Vertmal Tube Funmce at 750 Degrees C (for- 
merly Standard Method of Test Jbr No~>combu,stibilit~, of Ele- 
men, tam, Materials), are considered noncombustiDle. (See 
NFPA 220, Sta~tdard on 7]~,pes ~f Buildi~g Cm~struetion.) 

A-2-2 Plasma. Very high temperatures  are associated 
with laser-generated plasmas that may appear as sparks, 
plumes, or flames. 

A-2-2 Protective Housing.  The aperture through which 
the use[ul beam is emitted is not part of the protective 
housing. The protective housing may enclose associated 
optics and a work station and should limit access to other 
associated radiant energy emissions and to electrical haz- 
ards associated with components and terminals. 

A-4-1.2 See NBSIR 81-2271,"Will  the Second I tem 
Ignite," 1982; and ASTM STP 882, "New Concepts [br 
Measuring Flame Spread Properties," Fire Salety: Science 
and Engineering, pp. 239-269, 1985. 

A-6-3.1 Materials to consider inchtde thermal and acousti- 
cal insulation, laminates, hoses, filters, and coil forms. From a 
fire safety design perspective, materials that have low ignition 
potential and low rates of heat release if ignited are most 
desirable. Heat release rate for a material is expressed in 
terms of kilowatts,£eleased for each square meter of material 
burning and is related to the physical and chemical or con> 
bust[on characteristics of that material. 

ASTM E1354, Sta.ndard Test Method for Heal and l,qsible 
Smoke Release Rates Jbr Mate'rials and Products Using an Oxv- 
ge~ Co~.sumplion Calorimeter, is a useful method [br evaluat- 
ing candidate materials. It is recommended that the mate- 
rials being evaluated be tested at two different levels of 
incident flux, a low level (25-30 kW/m'-') and a high level 
(55-65 kW/m='). Most materials will have a higher rate of 
heat release at the high flux. The additional test at a high 
flux level provides an indication of the expected heat 
release rate in a well-developed fire in a confined space. 

Materials that have the lowest heat release rate at the 
high flux and the longest ignition time at low flux should 
be selected. If several candidate materials have similar heat 
release and ignition characteristics, the material with the 
lowest smoke production should be considered. 

A-6-5.3 Significant particulate production can occur well in 
advance of smoldering or flaming fire. Increases in back- 
ground particulate levels can indicate an incipient problem. 

A-7-4.1.2 Information is referenced from NFPA 50A, 
Standard on Gaseous Hydrogen Systems at Consumer Sites. 

A-8-3.3 Some gases may be incompatible with water. 
Water reactivity should be evaluated. 

A-8-4.2.4 A method for purging piping with inert gas is 
to have a series of evacuations tbllowed by an inert gas fill. 

A-9-3.6 For example, nonpolar  solvents flowing through 
plastic tubing can develop a static charge. 

As another example, a grounding wire should be incor- 
porated into plastic tubing to dissipate static charge that 
can accumulate when nonpolar  solvents flow through non- 
conducting tubing. 

A p p e n d i x  B Laser  H a z a r d s  ( R e s e r v e d )  

This ,4ppe~ldtx A not ~l [tort of the recommendohons qf this NFPA doc- 
ument trot ts mchuled /or mformatimml pu~pose,~ only. 

B-1 Electrical. 

B-2 Beam. 

B-3 Laser Material. 

B-4 Other Materials and Concerns. 
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A p p e n d i x  C Laser  Fire  I n c i d e n t  F o r m  

776.s Appen&x ,s ,~ot a part of tke recommend, tions of tins NFPA document hut ts i~duded Jbr infonnatiwwl pu*pose~ only. 

DATA ON FIRE AND RELATED INCIDENTS INVOLVING LASERS 
(Explosions, Electrical, Beam Ignition) 
FOR DATA COLLECTION ONLY** 

This form may be reproduced 

Date of incident 1, 
mo day yr 

2. Type of facility where laser was being used (e.g., hospital, research lab, industrial): 

3. Location of fire origin within facility (e.g., operating room, clean room, laboratory): 

4. Type/mode of laser (e.g., CO~, dye, CW, pulsed): 

5. Class of laser (I, 1I, IliA, IIIB, IV): 

6. Beam power of laser: 

7. Use at time of ignition (e.g., pre-procedure checkout, alignment checkout): 

8. Activity/operation at ignition (e.g., pre-procedure checkout, alignment checkout): 

9. Supporting atmospheric environment (e.g., % of oxygen, nitrous oxide, flammable vapors, diluent gas): 

10. Source of ignition (be specific, e.g., laser beain, electrical spark, heated metal): 

1 1. First material ignited (e.g., clothes, patient gown, drapes): 

12. Probable cause of fire: 

1 3. Brief description of fire, fire spread, material and coinponents exposed, etc: 

14. Action(s) taken to respond to fire (e.g., called fire dept., used fire extinguisher): 
Fire dept. called? Fire extinguisher used? _ _  Type of fire extinguisher (if used) 

(Describe sequence of actions taken4n response to fire): 

15. Extent of damage/loss/casualties: $ Injuries Death(s) 

16. Corrective action(s) recommended (e.g., training, survey/inspections, physical changes, change in fire protection teatnres). 

Please elaborate: 

Submitter of information (OPTIONAL**): 

Send completed forms to Burton Klein, PE, National Fire Protection Assn., 1 Batterymarch Park, Quincy, MA 02269-9101 
[Contact NIT. Klein regarding questi(ms on completing this form. Tel. (617) 770-3000 ext. 7416: Fax (617) 984-7110.] 

**Will be held within NFPA. 
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Append ix  D Laser Fire Inc idents  (Available f rom 
N F P A  u p o n  request)  

7. Training on the facility's fire safety plan, location of 
fire alarms, location of fire-fighting equipment,  and emer-  
gency evacuation should be done on an ongoing basis. 

A p p e n d i x  E E d u c a t i o n  and Tra in ing  

Thts Appeudix ts 11oi a part of the recomme~dations ¢,f this NFPA doc- 
um,'nt but ~s included joe b~fi~rmational purposes only. 

The LSP, laser users, and maintenance or service per- 
sonnel should be trained in laser fire safety and in recogni- 
tion of fire hazards associated with the use of lasers. This 
training should be upda ted  at least annually and any time 
there are changes in the laser use that may present  differ- 
ent fire safety concerns. 

A. The following issues should be addressed dur ing  the 
training: 

1. Awareness of installed fire protection features in the 
facility and laser system. 

2. P rep lann ing  for fires, involving the a p p r o p r i a t e  
emergency response personnel ,  such as fire depar tment  or 
plant  brigade. 

3. Information on the location and method to shut off 
power, gases, and flammable liqnids. 

4. Unders tand ing  the role of employees in the fire 
safety plan toe the facility. (For example,  are they expected 
to extinguish incipient fire? If  so, appropr ia te  t raining 
should be provided.)  

5. The safety hazards of the materials and procedures  
to which employees or emergency response personnel  are 
exposed should be addressed,  with p rope r  information 
and training provided.  

B. Healthcare 

1. Healthcare workers using medical lasers should be 
educated as to the fire safety problems associated with 
lasers in the surgical suite. 

2. Genera l  fire safety in to rmat ion  may include an 
unders tanding  of the classes of fires, extinguishing require- 
ments of  those classes of fires, and knowledge of the 
p r o p e r  o p e r a t i o n  of  h a n d - h e l d  po r t ab l e  f i re- f ight ing  
equipment.  

3. Tra ining on the hazards found in the surgical suite, 
with regard to combustible substances, gases, and oxygen- 
enriched atmospheres,  should be done on an annual basis. 

4. Tra ining on any changes in equipment  or proce- 
dures that may affect fire safety should be addressed prior  
to their use. (See Chapter5 fbr more mformatiom ) 

5. To reduce the incidence of fire, t raining on special 
hazards associated with the operative site when using a 
medical laser should be routinely reviewed and upda ted  as 
new products  or equipment  are brought  into the arena. 

6. Fire safety training may include: 

(a) The  action(s) to be taken i t d r a p e s  are burning;  

(b) Anesthesiologist responsibilities; 

(c) Responsibilities of each individual in the surgical 
suite if a patient fire develops; and 

(d) Special extinguishing techniques, such as smoth- 
ering fire by using fire blankets, cloth wrappers,  or other 
heavy cloth material. 

A p p e n d i x  F R e f e r e n c e d  Publ i ca t ions  

F-1 The  following documents or portions thereof  are ref- 
erenced within this document  fi~r intormational purposes 
only and thus are not considered part  of the recommenda-  
tions of this document.  The edition indicated tor each ref- 
erence is the current  edition as of the date of the NFPA 
issuance of  this document.  

F-I.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. :'.~" 

NFPA 30, Flammable mM Combustible Liquids Code, 1993 
edition. 

NFPA 45, Standard on Fire Protectior~ for Laboratories Using 
Chemicah, 1991 edition. 

NFPA 49, Hazardous Chemicals Data, 1994 edition. 

NFPA 50A, Sta~Mard for Gaseous H~drogen Systems at Con- 
s'amer .Sites. 1994 edition. 

NFPA 53, Guide on Fire Hazards in Oxyge~-Euriehed Atmo- 
@here.s, 1994 edition. 

NFPA 55, Standa'rd for the Storage, Use, and Hrmdlivg of Com- 
pressed a,d Liquefied C, ases iu Portable Cylinders, 1993 edition. 

NFPA 70, National Electrical Code, 1996 edition. 

NFPA 220, Standard o~z T~,pes of Building Construction, 
1995 edition. 

NFPA 325, Guide to Fire Hazard Pr@erlies of Flammable 
Liquids, Gases, and Volatile Solids, 1994 edition. 

NFPA 495, Explosive Materials Code, 1992 edition. 

NFPA 92l ,  Guide for Fire a~M Explosion Investigation,s, 
1995 edition. 

F-1.2 Other Publications. 

F-1.2.I ANSI Publication. American National Standards 
Institute, 11 West 42nd Street, New York, NY 10036. 

ANSI Z136.1, SaJe Use of Lasers, 1993. 

F-1.2.2 ASME Publication. American Society of Mechan- 
ical Engineers, 345 East 47th Street, New York, NY i0017. 

ASME Boder aud Pressure Vessel Code, 1992. 

F-1.2.3 ASTM Publications. American Society for Test- 
ing and Materials,  1916 Race Street,  Phi ladelphia,  PA 
19103. 

ASTM D5, Standard Test Method for Peaetratlon. of Bitumi- 
~ous Materials, 1986. 

ASTM D56, Standard Test Method Jbr Flash Point by Tag 
Closed 7"ester, 1987. 

ASTM D93, Standard Test Methods Jbr Flash Point by 
Pensky--Martens Closed Tester, 1990. 

ASTM D3278, Sta~Mard Test MethodsJbr Flash Point qf Liq- 
uMs by Setaflash Closed-Cap Apparatus, 1989. 
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ASTM D3828,  Sta~ldard Test Methods for Flash Point b~, 
Small Scale Closed Tester, 1993. 

ASTM E136, Standard Test Method for Behavior of Materi- 
als i'n a Vertical Tube Furnace at 750 Degrees C, 1993. 

ASTM E1354,  Stondard Test Method for Heat and Visible 
Smoke Release Rates.lot Materials and Product.s Using an Ox~,- 
gen Cm~sumption Calorimeter, 1992. 

Q u i n t e r e .  J. G., a n d  H a r k l e r o a d ,  M. T., "New Concep t s  
to t  M e a s u r i n g  F lame S p r e a d  P rope r t i e s , "  ASTM STP 882, 
pp.  239-269 (1985). 

F-1.2 .4  U.S.  G o v e r n m e n t  P u b l i c a t i o n .  U.S.  G o v e r n m e n t  
P r i n t i n g  Office, S u p e r i n t e n d e n t  of  D o c u m e n t s ,  Wash ing -  
t o i l  DC 20402.  

29 CFR (OSHA), Par t  1910.38(b)(4)(i) ,  Ju ly  1, 1993. 

F-1.2.5 Mowrer ,  F.W., PE, PhD & A s hm an ,  M.N., MD, MS. 

"F l ammab i l i t y  o f  Surgical  Drapes," Repor t  No. FP93-01,  
Apri l  9, 1993 (Available t i 'om F.W. Mowre r ,  Dept.  of  Fire 
Pro tec t ion  E n g i n e e r i n g ,  Univers i ty  of  Mary land ,  Col lege 
Park,  MD 20742).  

F-1.2.6 Nat iona l  Bureau  o f  Standards.  Gai thersburg ,  MD. 

Babrauska ,  V., "Will  the  Second  I t e m  Igni te ,"  N S B I R  
81-2271 (1982). 
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Re la t ed  E q u i p m e n t .  

B a u m a n ,  N., "Lase r  D r a p e  Fires: How M u c h  of  a Risk?" 
(Laser  Medic ine  & Surgey,  News & Advances ,  Vol. 7, 
No. 4, Aug  1989). 
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P l a s t i c / r u b b e r  p r o d u c t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -4 .2 (d )  
P o w e r  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 
P r e c o m b u s t i o n  p r o d u c t s ,  m o n i t o r i n g  o f  . . . . . . . . . . . .  6 -5 .3 ,  A-6 -5 .3  
P r e - f i r e  p l a n n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-2 
P r e p p i n g  a g e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -4 .2 (b)  
P r o t e c t i v e  h o u s i n g  

D e f i n i t i o n  . . . :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 ,  A-2 -2  
M o n i t o r i n g  o f  . . . . . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . .  6 -5 .3 ,  A-6 -5 .3  
V e n t i n g  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-4.1 

P u l s e d  l a s e r s  a n d  l a s e r  s y s t e m s  . . . . . . .  3-2.1 (b), 3-3.1 (b), 3-3.1 (d) 
D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 

P u m p s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 -2 .4  
P u r p o s e  o f  s t a n d a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-2 

.Q- 
Q - s w i t c h  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2  
Q - s w i t c h e d  l a s e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 3 . 6  

De f in i t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 

-R- 
R a d i a n t  e x p o s u r e  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2  
R e a c t i v e  g a s  

D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2  
L a s e r  sys t ems ,  u s e  in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C h a p .  8, A-8 

R e f e r e n c e d  p u b l i c a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . .  C h a p .  12, A p p .  F 
R e g u l a t o r s ,  g a s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -4 .3 ,  8 -3 .5 ,  8 -4 .3  

-S- 
Sa fe ty  c a n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 -2 .5 ,  9 -3 .3 ,  9-8  

D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 
S a f e t y  f a c t o r  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2  

S a f e t y  p e r s o n n e l  . . . . . . . . . . . . . . . . . .  see L a s e r  sa fe ty  p e r s o n n e l  (LSP) 
S c o p e  o f  s t a n d a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 - 1 
S e r v i c e ,  to  l a s e r s  a n d  l a s e r  s y s t e m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-4 

D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 
S h o u l d  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2- l 
S i n g l e - p u l s e d  l a s e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3.1 (c) 
S k i n ,  d a m a g e  to  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1.1 
S m o k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -2 .3 ,  9-2 .1  
S p i l l  c l e a n u p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-7  
S p r i n k l e r  s y s t e m s ,  f o r  g a s  c a b i n e t s  . . . . . . . . . . . . . . . . . .  8 -3 .3 ,  A-8-3 .3  
S t a t i c  s p a r k s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 -3 .6 ,  A-9 -3 .6  
S t o r a g e  c a b i n e t ,  f l a m m a b l e  l i q u i d  . . . . . . . . . . . .  see F l a m m a b l e  l i qu id  

s t o r a g e  c a b i n e t  

-T- 

T e s t i n g ,  i g n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 -4  
T i n c t u r e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -4 .2(b)  
T r a i n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 -6 .  10-5,  11-3,  A p p .  E 

F l a m m a b l e  gas ,  l a se r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-6 
F l a m m a b l e  l iqu ids ,  l a se r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . . . .  9-9  
H e a l t h  c a r e  p e r s o n n e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -4 .4(a) ,  5 -4 .7  
Reac t ive  gas ,  l a se r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . .  8-6  

-U-  

U l t r a v i o l e t  l a s e r s  a n d  l a s e r  s y s t e m s  . . . . . . . . . . . . . . . .  3-3.1 (a), 3-4.  l 

-V- 

V e n t i l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see also E x h a u s t  
F l a m m a b l e  l iqu ids ,  u s e  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 -3 .5 ,  9 -6 .4  
L a s e r  e q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-4  

V e n t i n g ,  o f  f l a m m a b l e  g a s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-4 .1 .5 ,  7 -4 .2 .4  
V i s i b l e  l a s e r s  a n d  l a s e r  s y s t e m s  . . . . . . . . . . . . . . . .  3-2,  3-3.1 (c), 3 -4 .2  

-W- 

W a s t e  d i sposa l ,  f l a m m a b l e  a n d  c o m b u s t i b l e  l iqu ids  . . . . .  9-3.3,  9-8 
W a t t  ( d e f i n i t i o n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2 
W o r k  p r a c t i c e s  

F l a m m a b l e  gas ,  l a se r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-2 
F l a m m a b l e  l iqu ids ,  l a se r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . . . .  9-2  
Reac t ive  gases ,  l a s e r  s y s t e m s  u s i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-2 
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The NFPA Codes and Standards Development Process 

Since 1896, one of the primary purposes of the NFPA has been to develop and update the standards covering 
all areas of fire safety. 

Calls for Proposals 
The code adoption process takes place twice each year and begins with a call for proposals from the public 
to amend existing codes and standards or to develop the content of new fire safety documents. 

Report on Proposals 
Upon receipt of public proposals, the technical committee members meet to review, consider, and act on the 
proposals. The public proposals - together with the committee action on each proposal and committee- 
generated proposals - are published in the NFPA's Report on Proposals (ROP). The ROP is then subject to 
public review and comment. 

Report on Comments 
These public comments are considered and acted upon by the appropriate technical committees. All public 
comments - together with the committee action on each comment - are published as the Committee's 
supplementary report in the NFPA's Report on Comments (ROC). 

The committee's report and supplementary report are then presented for adoption and open debate at either 
of NFPA's semi-annual meetings held throughout the United States and Canada. 

Association Action 
The Association meeting may, subject to review and issuance by the NFPA Standards Council, (a) adopt a 
report as published, (b) adopt a report as amended, contingent upon subsequent approval by the committee, 
(c) return a report to committee for further study, and (d) return a portion of a report to committee. 

Standards Council Action 
The Standards Council will make a judgement on whether or not to issue an NFPA document based upon the 
entire record before the Council, including the vote taken at the Association meeting on the technical 
committee's report. 

Voting Procedures 
Voting at an NFPA Annual or Fall Meeting is restricted to members of record for 180 days prior to the 
opening of the first general session of the meeting, except that individuals who join the Association at an 
Annual or Fall Meeting are entitled to vote at the next Fall or Annual Meeting. 

"Members" are defined by Article 3.2 of the Bylaws as individuals, firms, corporations, trade or professional 
associations, institutes, fire departments, fire brigades, and other public or private agencies desiring to 
advance the purposes of the Association. Each member shall have one vote in the affairs of the Association. 
Under Article 4.5 of the Bylaws, the vote of such a member shall be cast by that member individually or by 
an employee designated in writing by the member of record who has registered for the meeting. Such a 
designated person shall not be eligible to represent more than one voting privilege on each issue, nor cast 
more than one vote on each issue. 

Any member who wishes to designate an employee to cast that member's vote at an Association meeting in 
place of that member must provide that employee with written authorization to represent the member at the 
meeting. The authorization must be on company letterhead signed by the member of record, with the 
membership number indicated, and the authorization must be recorded with the President of NFPA or his 
designee before the start of the opening general session of the Meeting, That employee, irrespective of his 
or her own personal membership status, shall be privileged to cast only one vote on each issue before the 
Association. 



Sequence of Events Leading to Publication 
of an NFPA Committee Document 

Call for proposals to amend existing document  or for recommendat ions on new document.  

Commit tee  meets to act on proposals, to develop its own proposals, and to prepare its report. 

Commit tee  votes on proposals by letter ballot. If two-thirds approve, report goes forward. 
Lacking two-thirds approval, report returns to committee.  

Report  is published for public review and comment.  (Report on Proposals - ROP) 

Commit tee  meets to act on each public comment  received. 

Commit tee  votes on comments  by letter ballot. If two-thirds approve, supplementary report goes 
forward. Lacking two-thirds approval, supplementary report returns to committee.  

Supplementary report is published for public review. (Report on Comments  - ROC). 

NFPA membership  meets (Annual or Fall Meeting) and acts on committee report (ROP and ROC). 

Commit tee  votes on any amendments  to report approved at NFPA Annual or Fall Meeting. 

Complaints to Standards Council on Association action must be filed 
within 20 days of the NFPA Annual or Fall Meet ing.  

Standards Council  decides, based on all evidence, whether or not to issue standard 
or to take other action, including hearing any complaints. 

Appeals to Board of Directors on Standards Council  action must be filed 
within 20 days of Council action. 


