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N O T I C E  

All quest ions or other  communica t ions  relat ing to this document  should be sent only to NFPA Head-  
quarters,  addressed to the at tent ion of the C o m m i t t e e  responsible for the document .  

For informat ion on the procedures for request ing Technical Commi t t ees  to issue Formal Interpretat ions,  
proposing Tentative Inter im Amendments ,  proposing amendments  for Commi t t ee  consideration,  and appeals 
on matters  re la t ing to the content  of the document ,  write to the Secretary, S tandards  Council ,  National  Fire 
Protect ion Association, 1 Bat te rymarch  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 Regulations Govern- 
ing C o m m i t t e e  Projects shall not be considered the official position of NFPA or any of its Commi t t ees  and 
shall not be considered to be, nor  be relied upon as, a Formal Interpreta t ion.  

Users of this document  should consult  applicable Federal, State and local laws and regulations.  NFPA 
does not, by the publ icat ion of this document ,  intend to urge action which is not in compliance with appli- 
('able laws and this document  may not be construed as do ing  so. 

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

The  Board of Directors reaffirms that  the Nat ional  Fire Protect ion Associat ion recognizes that the tox- 
icity of the products  of combust ion  is an impor tan t  factor in the loss of life from fire. NFPA has dealt  with 
that subject in its technical commit tee  documents  for many  years. 

There  is a concern that the growing use of synthet ic  mater ia ls  may produce umre or addi t ional  toxic 
products  of combust ion in a fire envi ronment .  The  Board has, therefore, asked all NFPA technical commit-  
tees to review the documents  for which they are responsible to be sure that the documents  respond to this 
current  concern. To assist the commit tees  in mee t ing  this request, the Board has appointed  an advisory com- 
mit tee to provide specific guidance  to the technical  commit tees  on quest ions relat ing to assessing the hazards  
of the products  of combust ion.  

Licensing Provision - -  This  document  is copyrighted by the Nat ional  Fire Protect ion Association 
(NFPA). 
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1. Adoption by Reference - -  Public authori t ies  and others are urged to reference this document  in 
laws, ordinances, regulations, administrat ive orders or similar instruments. Any deletions, additions and changes 
desired by the adopt ing  author i ty  must  be noted separately. Those using this method are requested to notify 
the NFPA (Attention: Secretary, Standards Counci l )  in wri t ing of such use. The  term "adopt ion  by reference" 
means  the ci t ing of title and publ ishing informat ion only. 

2. Adoption by Transcription - -  A. Public authori t ies  with l awmaking  or ru le -making  powers only, 
upon wri t ten notice to the NFPA (Attention: Secretary, S tandards  Council) ,  will be granted  a royalty-free 
license to print  and  republish this document  in whole or in part,  with changes and addit ions,  if an)', noted 
separately, in laws, ordinances,  regulations,  adminis t ra t ive  orders or s imi lar  ins t ruments  having  the force of 
law, provided that: (1) due  notice of NFPA's copyright  is contained in each law and in each copy thereof; 
and, (2) that such print ing and republication is l imited to numbers  sufficient to satisfy the jurisdict ion's  lawmak- 
ing or ru lemak ing  process. B. Once  this NFPA Code  or S tandard  has been adopted into law, all pr int ings  
of this document  by public authori t ies  with l awmaking  or ru lemak ing  powers or any other persons des i r ing 
to reproduce this document  or its contents  as adopted by the jur isdic t ion  in whole or in part ,  in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print ,  republish,  and vend this document  in whole or in part ,  with changes and addit ions,  if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement  to pay NFPA a royalty. This  royalty is required to provide funds for the research and 
development  necessary to cont inue the work of NFPA and its w~lunteers in cont inual ly  upda t ing  and revising 
NFPA standards.  Under  certain circumstances,  public authorit ies with l awmaking  or ru lemaking  powers may 
apply tor and may receive a special royalty when the public interest will be served thereby. 

3. Scope of  License Grant - -  The  terms and condi t ions set forth above do not extend to the index 
to this document .  

(Fnr t \ m h e r  explanat ion,  see the Policy Concern ing  the Adoption,  Pr in t ing  and Publ icat ion of NFPA 
Documents  which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This  material  has been developed under  the published procedures of the National  Fire Protection Associa- 
tion, which are designed to assure the appo in tment  of technically competent  Commi t t ees  having  balanced 
representat ion.  Whi le  these procedures assure the highest degree  of care, nei ther  the Nat ional  Fire Protection 
Association, its members ,  nor those par t ic ipa t ing  in its activities accepts any l iabil i ty result ing from com- 
pliance or noncompl iance  with the provisions given herein, for any restrictions imposed on mater ia ls  or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or author i ty  to police or enforce compliance with the contents of this document  
and any certif ication of products  s ta t ing compl iance  with requi rements  of this document  is made  at the peril 
of the certifier. 
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NFPA 45 

Standard on 

Fire Protection for Laboratories Using Chemicals 

1991 Edition 

This edition of N FPA 45, Standard (m Fire Protection for Laboratories Using Chemical.~, was 
prepared bv the Technical Committee on Chemistry Laboratories and acted on by the 
National Fire Protection Association, Inc. at its Annual Meeting held May 19-23, 1991 
in Boston, MA. It was issued by the Standards Council on July 19, 1991, with an effec- 
tive date of August 16, 1991, and supersedes all previous editions. 

The 1991 edition of this standard has been approved by the ~ n e r i c a n  National Stan- 
dards Institute. 

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

Origin and Development of NFPA 45 

NFPA 45 was developed by the Technical Committee on Chemistry Laboratories. It 
was tentatively adopted at tile 1974 NFPA Annual  Meeting. Based on comments 
received, the tentative document  was further amended,  and the amended text was offi- 
cially adopted at the 1975 NFPA Fall Meeting. 

,Mter the document had been in use tot two years, the Technical Committee began an 
exhaustive review of the text. Some of the major changes made dur ing this review 
included more extensive requirements tbr laboratory ventilation systems and more 
extensive explanatory appendixes, including one on explosion hazards and protection 
and one on the concept of the laboratory unit. These amendments  were adopted at the 
1981 NFPA Fall Meeting. 

The Committee began another revision process in 1983. The amendments  made to 
NFPA 45 as a result of this review were adopted at the 1986 NFPA Annual  Meeting. 

The Committee wishes to acknowledge that NFPA 45 is due in large part to the lead- 
ership and efforts of the late Russell H. Scott, who served as Chairman of the Commit- 
tee dur ing the planning and drafting stages of the tirst edition of NFPA 45. 

For the 1991 edition of NFPA 45, the Committee made a variety of technical and edi- 
torial changes to the 1986 edition, including revisions to the automatic fire existinguish- 
ing systems section, along with minor revisions to the fire loss prevention procedures 
section and the laboratory ventilation systems requirements. 
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NFPA 45 
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NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

lnfi)rmation on referenced publications can be found in 
Chapter 11 and Appendix F. 

Chapter 1 General 

1-1 Scope. 

1-1.1 This  s tandard  shall apply to laboratory  buildings,  
laboratory units, and laboratory  work areas in which haz- 
a rdous  chemicals  are  hand led  or  stored. 

Exception No. 1: It does not apply to laboratory work areas m 
laboratories that are covered by NFPA 99, Standard for Health 
Care Facilities. 

Exception No. 2: It does not apply to laboratories that are, in 
fact, pilot plants. 

Exception No. 3: It does not apply to laboratories that are, in 
fact, primarily manufacturing plants. 

Exception No. 4: It does not apply to incidental testing facilities. 

Exception No. 5: It does not apply to physical, electronic, instru- 
ment, or similar laboratories that use small quantities of  chemicals 
for  incidental purposes, such as cleaning. 

1-1.2 This  s tandard  contains requ i rements ,  but  not  all- 
inclusive requ i rements ,  for conduc t ing  labora tory  exper i -  
ments  and for hand l ing  and s torage of  hazardous  chemi-  
cals in laboratories.  

Exception No. 1: It does not cover the special fire protection 
required when handling explosive materials. (See NFPA 495, 
Explosive Materials Code.) 

I Exception No. 2*: It does not cover the specialfire protection 
required when handling radioactive materials. 

1-1.3 Equ iva lency .  Noth ing  in this s tandard  is in t ended  
to p reven t  the use of  systems, methods,  or  devices of  equiv-  
alent or  super io r  quality, s t rength,  fire resistance, effective- 
ness, durabil i ty,  and safety over  those prescr ibed by this 
s tandard ,  p rov ided  technical documen ta t ion  is m a d e  avail- 
able to the author i ty  having jur isdic t ion  to demons t r a t e  
equivalency and the system, me thod ,  or  device is app roved  
for the in t ended  purpose .  

1-2 Purpose. 

1-2.1 This  s tandard  provides  basic r equ i r emen t s  for the 
protect ion of  life and p roper ty  in laboratory work areas 
where  hazardous  chemicals are  hand led  th rough  preven-  

tion and control  of  fires and explosions.  T h e  un ique  na tu re  
o f  sonte laboratory opera t ions  may make m o r e  s t r ingent  
r equ i r emen t s  necessary. 

1-2.2 This  s tandard  is des igned  to protect  pe r sonne l  front 
the effects o f  toxic,  cor ros ive ,  o r  o the rwi se  h a z a r d o u s  
chemicals  to which they may be exposed  as a result  of  fire 
or  explosion.  Al though  it does not  a t t empt  to deal  with 
health hazards unrelated to fires or  explosions, many of  the 
requi rements  to protect  against fire or  explosion, such as 
those for hood exhaust  systems, also serve to protect  person- 
nel f rom exposure  to nonfire  health hazards of  chemicals. 

1-2.3 T h e  objective of  this standard is to achieve a compre-  
hensive laboratory fire prevent ion and protection program.  

1-3 Interface with Existing Codes and Standards. 

1-3.1 When  interface with exist ing NFPA or  o the r  con- 
sensus codes and s tandards  occurs, re ference  is made  to 
the app rop r i a t e  source in the text. 

1-3.2 Due to the special na ture  of  chemist ry  laboratories ,  
this s tandard  modifies and supplements  exist ing codes and 
s tandards  so as to apply more  specifically to bui ldings  or  
por t ions  of  bui ldings devo ted  to laboratory use. 

1-3.3 Where a construction or  protection requirement  of  a 
governmental  agency having jurisdiction is more stringent than 
in this standard, the more stringent requirement  shall apply. 

1-4 Defini t ions .  For  the pu rpose  o f  this s tandard ,  the fol- 
lowing terms shall have the meanings  given below. 

Apparatus. Furn i tu re ,  l abora tory  hoods,  centr i fuges ,  
refr igerators ,  and commerc ia l  o r  made-on-s i te  e q u i p m e n t  
used in a laboratory.  

Approved. Acceptable to the "au thor i ty  having  jur is -  
dict ion." 

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

Authority Having Jurisdiction. T h e  "authori ty  having 
jurisdiction" is the organization, office or  individual responsi- 
ble for "approving" equipment,  an installation or  a procedure.  

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner since jurisdictions 
and "approval" agencies vary as do their responsibilities. 
Where public safety is primary, the "authority having juris- 
diction" may be a federal, state, local or other regional 
department or individual such as a fire chief, fire marshal, 
chief of a fire prevention bureau, labor department, health 
deparnnent, building official, electrical inspector, or others 
having statutory authority. For insurance purposes, an 
insurance inspection department, rating bureau, or other 
insurance company representative may be the "authority 
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45-6 FIRE PROTECTION FOR LABORATORIES USING CHEMICALS 

having jurisdiction." In many circumstances the property 
owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, 
the commanding officer or departmental official may be the 
"authority having jurisdiction." 

Combustible Liquid. See definition of Liquids below; 
see also Appendix B-1. 

Cryogenic Fluid.  Substance that exists only in the 
vapor phase above - 73°C at one atmosphere pressure and 
that is handled, stored, and used in the liquid state at tem- 
peratures at or below -73°C  while at any pressure. (See 
National Safety Council Data Sheet 1-688-80, Crryogenic Fluids 
in the lJzboratory'.) 

Educational Occupancies. Buildings used for the 
gathering of six or more persons for purposes of instruc- 
tion, such as schools, universities, colleges, and academies. 
(See definition of Instructional Laboratory'` Umt below.) 

Explosive Material. A chemical compound,  mixture, 
or device, the primary or common purpose of which is to 
function by explosion. (For a more complete defin~tzon, see 
NFPA 495, Explosive Matermls Code.) 

Flammable Gas. A gas that will burn  in air. 

Flammable Liquid. See definition of Liquids below; see 
also Appendix B- 1. 

Flammable Liquid Storage Room. A room for the stor- 
age of flammable and combustible liquids that is con- 
structed according to the requirements of Section 4-4 of 
NFPA 30, Flammable and Combustible Lzquids Code. 

Flash Point.* The minimum temperature at which a 
liquid gives offvapor in sufficient concentration to form an 
ignitible mixture with air near the surface of the liquid 
within the vessel, as specified by appropriate test proce- 
dures and apparatus. 

Hazardous Chemical.* A chemical with one or more of 
the following hazard ratings as defined in NFPA 704, 
Standard System for the Identification of Fire Hazards of Mate- 
rials." H e a l t h - - 2 ,  3, or  4; F l a m m a b i l i t y - - 3  or 4; 
Reactivity--2, 3, or 4. (See also Appendzx B-2.) 

Incidental Testing Facility. An area within a produc- 
tion facility set aside for the purpose of conducting in-process 
control tests that are related to the production process. 

Inside Storage Room. A storage room that meets the 
requirements of 4-4.1 of NFPA 30, Flammable and Combusti- 
ble Liquids Code. 

Instructional Laborat~.ry Unit. A laboratory unit in an 
educational occupancy in which the person or persons con- 
ducting chemical experiments or tests are under  the direct 
supervision of a faculty member or an assistant. Laboratory 
units used for graduate or postgraduate research shall not 
be considered instructional laboratory units. 

Labeled. Equipment or materials to which has been 
attached a label, symbol or other identifying mark of an 
organization acceptable to the "authority having jurisdic- 

tion" and concerned with product evaluation, that main- 
tains periodic inspection of production of labeled equip- 
ment or materials and by whose labeling the manufacturer 
indicates compliance with appropriate standards or perfor- 
mance in a specified manner.  

Laboratory. A generic term denoting a building, space, 
equipment,  or operation. 

Laboratory Building.  A structure consisting wholly or 
principally of one or more laboratory units. 

Laboratory Equipment. See definition of Apparatus. 

Laboratory Hood. See Section 6-3 for definitions 
related to laboratory hoods. See also Appendix A-6-3 for 
descriptions of types of laboratory hoods. 

Laboratory Unit. An enclosed space used for experi- 
ments or tests. A laboratory unit may or may not include 
offices, lavatories, and other contiguous rooms maintained 
for or used by laboratory personnel, and corridors within 
the unit. It may contain one or more separate laboratory 
work areas. It may be an entire building. A laboratory unit  
is classified as A, B, or C according to the limitations estab- 
lished in Tables 2-2 and 3-1. (See also Appendix D.) 

Laboratory Unit Separation. All walls, par t i t ions,  
floors, and ceilings, including openings in them, that sepa- 
rate a laboratory unit from adjoining areas. 

Laboratory Work Area. A room or space for testing, 
analysis, research, instruction, or similar activities that 
involve the use of chemicals. This work area may or may 
not be enclosed. 

Liquids. Any material that has a fluidity greater than 
that of 300 penetration asphalt when tested in accordance 
with ASTM D 5, Standard Test Method for Penetration of Bitu- 
minous Materials. When not otherwise identified, the term 
liquid shall include both flammable and combustible liq- 
uids. (See Appendix B-1.) 

Listed. Equipment or materials included in a list pub- 
lished by an organization acceptable to the "authority having 
jurisdiction" and concerned with product evaluation, that 
maintains periodic inspection of production of listed equip- 
ment or materials and whose listing states either that the 
equipment  or material meets appropriate standards or has 
been tested and found suitable for use in a specified manner. 

NOTE: The means for identifying listed equipment may 
vary for each organization concerned with product evalua- 
tion, some of which do not recognize equipment as listed 
unless it is also labeled. The "authority having jurisdiction" 
should utilize the system employed by the listing organiza- 
tion to identify a listed product. 

Maximum Allowable Working Pressure.* The maxi- 
mum pressure permissible at the top of a vessel in its nor- 
real operating position at the operating temperature spec- 
ified for that pressure. 

Nonlaboratory Area. Any space within a building not 
included in a laboratory unit. (See definition of Laboratory Unit.) 

Pilot Plant. An experimental assembly of manufactur- 
ing equipment  for exploring process variables or for pro- 
ducing semicommercial quantities of materials. 
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Potentially Explos ive  Reaction. Any chemica l  p roce -  
d u r e  tha t  uses or  t o r m s  reac t ive  mater ia ls .  

Reactive Material. A mate r i a l  tha t ,  by itself, is readi ly  
capab le  of  d e t o n a t i o n ,  explos ive  decompos i t i on ,  or  explo-  
sive r eac t ion  at n o r m a l  or  e leva ted  t e m p e r a t u r e s  a n d  pres-  
sures.  (See Appendix B-2.3.1 for definitions of Reactivity 3 and 
Reactivity 4.) 

Refrigerating Equipment.  Any mechan ica l ly  o p e r a t e d  
e q u i p m e n t  used  for s t o r i ng  mater ia l s  below n o r m a l  ambi -  
en t  t e m p e r a t u r e .  It i nc ludes  r e f r ige ra to r s ,  f reezers ,  a n d  
s imi lar  e q u i p m e n t .  (See 9-2.2 and A-9-2.2.2.) 

Safety Can. An a p p r o v e d  c o n t a i n e r ,  of  no t  m o r e  t h a n  
5 gal (19 L) capaci ty,  h a v i n g  a sp r ing-c los ing  lid a n d  s p o u t  
cover  a n d  so des igned  tha t  it will safely relieve in te rna l  pres-  
sure  when  subjected to fire exposure .  (See Section 1-2, "Safe~ 
Can," of NFPA 30, Flammable and Combustible Liquids Code.) 

Shal l .  Ind ica tes  a m a n d a t o r y  r e q u i r e m e n t .  

Should.  Ind ica tes  a r e c o m m e n d a t i o n  or  tha t  which  is 
adv ised  bu t  no t  r e q u i r e d .  

Storage Cabinet.* A cabinet  for the  s torage of  f lammable  
a n d  combust ib le  liquids cons t ruc ted  in accordance  with Sec- 
t ion 4-3 of  NFPA 30, Flammable and Combustible Liquids Code. 

Street Floor. Any story or  f loor level accessible f rom 
the  s t ree t  or  f rom ou ts ide  the  b u i l d i n g  at g r o u n d  level, 
with f loor  level at ma in  e n t r a n c e  no t  m o r e  t h a n  t h r e e  ris- 

ers  above  or  below g r o u n d  level at these  points ,  a n d  so 
a r r a n g e d  a n d  utilized as to qualify as the  main  floor. (For  a 
more  comple te  defini t ion,  see NFPA 101, ® Life Safety Code. ®) 

Unattended Laboratory Operation. A labo ra to ry  pro-  
c e d u r e  or  o p e r a t i o n  at  which  t h e r e  is no  p e r s o n  p r e s e n t  
who  is k n o w l e d g e a b l e  r e g a r d i n g  the  o p e r a t i o n  a n d  e m e r -  
gency s h u t d o w n  p r o c e d u r e s .  

Absence  for lunch ,  t e l e p h o n e  calls, etc., w i t hou t  cover-  
age by a k n o w l e d g e a b l e  p e r s o n  cons t i tu tes  an  u n a t t e n d e d  
l abo ra to ry  ope ra t i on .  

C h a p t e r  2 Labora tory  U n i t  H a z a r d  C l a s s i f i c a t i o n  

2-1 Scope .  Th i s  c h a p t e r  classifies l abo ra to ry  un i t s  based  
on  the  a m o u n t  of  f l ammab le  a n d  combus t ib l e  l iquids con-  
t a ined  wi th in  the  uni t ,  b o t h  in s to rage  a n d  in use. Th i s  
c h a p t e r  also def ines  the  ex is tence  of  an  exp los ion  h a z a r d  in 
a l abo ra to ry  un i t  or  in a l abora to ry  work  area.  ] ' h i s  chap-  
te r  f u r t h e r  def ines  l imi ta t ions  on  ins t ruc t iona l  l abo ra to ry  
units .  

2-2 Laboratory Unit  Fire Hazard Classification. 

2-2.1 L a b o r a t o r y  uni t s  shall  be  classified as Class A, B, or  
C, a c c o r d i n g  to the  quan t i t i e s  of  f l ammab le  a n d  combus t i -  
ble l iquids  specif ied in T a b l e  2-2. ] ' h e  la rges t  a m o u n t s  of  
f l a m m a b l e  a n d  combus t i b l e  l iquids  are  p e r m i t t e d  in Class 
A l abo ra to ry  uni t s  a n d  the  least a m o u n t s  in Class C labora-  
tory units .  (See Appendix D r  or further informatmn on labora- 
tory unit fire hazard classification.) 

Table 2-2 Maximum Quantities of Flammable and Combustible Liquids in Laboratory Units Outside of 
Flammable Liquid Storage Rooms 

Laboratory 
Unit 
Class 

A I 

(High Hazard) 

B e 
Intermediate Hazard) 

C 2 
(Low Hazard) 

Flammable 
or 

Combustible 
Liquid Class 

1 
I, II and ILIA; 

I 
I, II and I l iA ~' 

I 
1, 11 and IlIA 5 

Excluding Quantities in Storage Cabinets 7 
or Safety Cans 

Maximum 
Quantity 4 

per 100 Square 
Feet of 

Laboratory 
Unit 

10 Gallons 
20 Galhms 

5 Gallons 
10 Galhms 

2 Gallons 
4 Galhms 

Maximum 
Quantity 3'4 per 

Laboratory Unit 

Unsprinklered 

300 Gallons 
400 Gallons 

150 Gallons 
200 Gallons 

75 Gallons 
100 Gallons 

Sprinklered 6 

600 Gallons 
800 Gallons 

300 Gallons 
400 Gallons 

150 Gallons 
200 Galh)ns 

Including Quantities in Storage Cabinets 7 
or Safety Cans 

Maximum 
Quantity 4 

per I00 Square 
Feet of 

Laboratory 
Unit 

20 Gallons 
40 Gallons 

10 Gallons 
20 Gallons 

4 Gallons 
8 Gallons 

Maximum 
Quantity 3'4 per 

Laboratory Unit 

Unsprinklered 

600 Gallons 
800 Gallons 

300 Gallons 
400 Gallons 

150 Gallons 
200 Gallons 

Sprinklered 6 

1200 Gallon., 
1600 Gallon., 

600 Gallun~, 
800 Gallon., 

300 Gallon~, 
400 Gallon., 

~Class A laboratory units shall not be used as instructional labora- 
tory units. 

"Maximum quantities of flammable and combustible liquids in 
Class B and Class C instructional laboratory units shall be 50 
percent of those listed in the Table. 

:~Regardless of the maximum allowable quantity, the maximum 
amount in a laboratory unit shall never exceed an amount  calcu- 
lated by using the maximum quantity per 100 square feet of lab- 
oratory unit. The area of offices, lavatories, and other contiguous 
areas of a laboratory unit are to be included when making this 

calculation. For SI Units: 1 gal = 3.785 

4For maximum container sizes, see Table 7-2. 

~The maximum quantities of Class I liquids shall not exceed the 
quantities specified for Class 1 liquids alone 

6Where water may create a serious fire or persoxmel hazard, a 
nonwater extinguishing system may be used instead of sprin- 
klers. 

7See description of Flammable Liquid Storage Room in Section 
4-4 of NFPA 30, Flammable and Combushble LiquMs Code. See 
description of Storage Cabinet in Section 4-3 of NFPA 30. 

L; 100 sq ft = 9.3 tn 2. 
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2-2.2 (:lass A lal)<)r;ttory uni ts  shall  no t  be  u sed  as ins t ruc-  
ti<mal l abo ra to ry  units.  M a x i m u m  quan t i t i e s  o f  f lanu 'nablc  
a n d  c()mbustil)lc l iquids in Class B a n d  Class C ins t ruc t iona l  
lab()ratorv units  shall be  50 percen t  o f  those  listed in Table  2-2. 

2-2.3  M a x i m u m  (:apacit ies ()t s t o r a g e  c ( m t a i u e r s  t o t  t t am-  
mal) le  a n d  comlms t i t ) l e  l iqu ids  h )ca ted  m l a b o r a t o r y  un i t s  
shall  c ( )mply  wi th  7-2.3 .2  a n d  T a b l e  7-2. 

2-2 .4  R e q u i r e n l e n t s  f i n l a b ( ) r a t o r v  un i t s  shall  a p p l y t o a l l  
l ab( ) ra torv  un i t s  un le s s  i d e n t i t i c d  as a p p l y i n g  to a lab()l-a- 
t()rv uni t  ()f  ,t SF, CCitk: f ire h a z a r d  class. 

2-2 .5  l:()r d e s i g n ,  c o n s t r u c t i ( ) n ,  a n d  t i r e  p r o t e c t i ( ) n  
r e q t f i r e m e i | t s  fi)r [al)()ratorv uni t s ,  see  ( ] h a p t e r s  3 a n d  4. 

2-3 Laboratory Work  Area and  Laboratory U n i t  Exp lo -  
s ion Hazard  Class i f icat ion.  

2-3.1 A [aborahn'~' work area shall  be  c o n s i d e r e d  to c o n t a i n  
:m e x p h ) s i o n  h a z a r d  if an  exph) s i (m  o f  q u a n t i t i e s  o r  c(m- 
, . : en t ra t ions  o f  m a t e r i a l s  in (aS t l u o u g h  (e) b e l o w  c()uM 
r e s u h  in seri()us ()r tatal in ju r i e s  to p e r s o n n e l  within tha t  
lal)()rat()ry w o r k  a rea .  (See ,'lppendtx C.) 

(a) S t o r a g e  ()f m a t e r i a l s  with a React ivi ty  H a z a r d  R a t i ng  
()t 4. (Set, Appemhx H-2.3.) 

(1:,) Use  o r  t o r m a t i o n  o f  m a t e r i a l s  wi th  a React iv i ty  l-taz- 
a r d  Ra t i ng  ()f 4. (See Appendm B-2.3.) 

(c) HigMy c x o d l e r m i c  react i (ms such as F,()lymerizafi(ms. 
o x i d a t i o n s ,  n i t r a t i (ms ,  p e r ( ) x i d a t i o n s ,  h y d r ( ) g e n a t i ( m s ,  ()r 
()rgan()-inetallic react ions .  (t"0r . ~ () ~ + l.('eL~ o/data rm chemical rem- 
livil¥ hazmd and hazardou,~ chemual ~vactmns, see Appendix ,4- 7-1. ) 

(d) Use  o r  fi)rmatic,  r| o f  m a t e r i a l s  v,h()sc cl-temical s t ruc-  
t u r e s  i n d i c a t e  a p o t e n t i a l  h a z a r d ,  bu t  v ,hose  proper+ties  
h a v e  n(.)t b e e n  e s t a b l i s h e d ,  such  as t r ip l e  Is(rods, e p o x y  r ad -  
icals, n i t ro  a n d  n i t r o s o  c o m p ( ) u n d s ,  a n d  p e r o x i d e s .  

(c) High  p r e s su re  reactions.  (See Figure (',-4.5 m .4/,+penda C.) 

2-3.2 A laboraton' unit shall  m*t be  c o n s i d e r e d  to c (mta in  
,m e x p l o s i o n  h a z a r d  un le s s  a l a b o r a t o r y  w()rk a r e a  u,tlhnt 
that uml  c o n t a i n s  an  exph ) s i (m  h a z a r d  g r e a t  e n ( ) u g h  t() 
cause  rna jor  pr()pcr ty  d a n l a g c  ()r s e r i ous  i~juvy out.~irh" that 
laboratory" work area. 

2-3.3 Fo r  exph ) s i (m  h a z a r d  F,r<)tecti(m r e q u i r e m e n l s ,  see  
C h a p t e r  5. 

C h a p t e r  3 L a b o r a t o r y  U n i t  

D e s i g n  a n d  C o n s t r u c t i o n  

3-1" Laboratory U n i t  Enc losure .  

3-1.1 T h e  r e q u i r e d  c o n s t r u c t i o n  o f  lab()ratory uni ts  shall 
d e p e n d  on  the  l abora to ry  uni t  t ire h a z a r d  classi t ication,  t he  
a rea  ()f the  labora tory  unit,  and  the  prote(:ti()n t() be  F,r()vided. 

3-1.2 T h e  c o n s t r u c t i o n  r e q u i r e m e n t s  shall  be  t h e  min i -  
m u m  p e r m i t t e d  a n d  shall  n()t e x c l u d e  t h e  use  o f  c o n s t r u c -  
t i(m wi th  g r e a t e r  l i re  r e s i s t ance .  

3-1.3 Laborat()rv.  un i t s  shall  be  s e p a r a t e d  f i o m  n<mlal)()- 
r a t o r y  a r e a s  by c ( m s t r u c t i o n  equa l  to ()r g r e a t e r  t h ,m  the  
t h e  r e s i s t a n c e  r c q u i r e l n e n t s  sh()wn in "l';d')lc 3-1. 

Table 3-1 Construction and Fire Protection Requirements for Laboratory Units l 
(See also A-3-1.) 

Nonsprinklered Laboratory Units Sprinklered Laboratory Units 2 

Construction Types Construction Ty~)es III, 
I and lI s IV, and V Any Construction Type s 

Lab Fire s Fire s Sep. from Fire s Fire s Sep. from Fire s Fire s Sep. from 
Unit Area of Separation Lab Units of Separation Lab Units of Separation Lab Units of 
Fire Laboratory from Non- Equal or Lower from Non- Equal or Lower from Non- Equal or Lower 
Hazard Unit laboratory Hazard laboratory Hazard laboratory Hazard 
Elass Square Feet Areas Classification Areas Classification Areas Classification 

Under  I00() I lh)ur  l l h m r  2 Hours i H()ur I H()ur NC: L(~ ~) 
100l-2()00 ] | | ( ) t l r  l I I o t l r  - -  [ H o u r  NC; LC 

\ 2001-5000 2 Hours I Hour  --  --  I Hour  N(]; LC 
5001 I0,000 . . . .  l Hour  NC; L(I 
10.00l or more  . . . . . .  

Unde r  20.000 I lh)ur  N(:: [.C s~ I Hour  1 Hour  NC; LC;:  NC: LC 
B 20,000 ()r more  . . . . . .  

Under  I0.000 l lh)ur  NC. I+(9': l Hour  NC; l,(:": N(:: LC :'7 NC; LC-'" 
10,000()r more  ] l]<)ur NC; I,C l Hour  l H(mr NC; I+C-": NC; LC 

II, Vhu l 'C  ;.l ]ab()l-ii |()l-V work ilI'CII (St" IIIII t  ( 'Olll iI l l lS Jill cxpl,)- 
sion hazard, appr()prmtc protcctu)n sh:dl bc pr()vJdcd for 
adj()ming lab()r:m)rv units ;tnd tuml;tt)orat()r+ ;ucas, as 
specitied in Chapter  :"). 

'-'Ill ]ilb()l '~|[Ol'V I l l l i l s  w h c l ' c  wiItCl" llliI",' Cl ' (qll£ il scri()us fire 
111" p e r s o l l n c l  ]l;.lZ;ll([, ;I IIO[]'W;IICl" e X l l l l g t l i s h l l l ' ~  SVSICI]I 
may bc sul)stimtcd fin sprinklers. 

+Sec :\ l)pcndix t),-3. 

'NC; I,C = Nonc()mbustible ()r IAnfited-Cotnbustiblc C(mstruc- 
tion. (See Appendix  B-3.) 

'May bc ]/_,-h(:,ur thc-ra ted  condmstiblc constrt l t l ion. 

"Existing con]bustit)le construction is acceptal)le. 

rl.at)()ratorv units m educaficmal occupancies shall be scF, aratc(l 
| l ' ()Il l  l'l()Illabt)l'~.tlol"., i t l ' eDs b v  ] - b o u l +  COl]S[ l 'U( ' | l ( )n .  

'Fn'c separation = fl'()m one level of rated constructi(m t() an()ther. 

For SI Unhs: 1 sq fi = 0.093 m '->. 
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3-1.4 Laboratory units shall be separated from other lab- 
oratory units of equal or lower hazard by construction 
equal to or greater than the tire resistance requirements 
shown in Table 3-1. 

3-1.5 Laboratory units shall be separated from other lab- 
oratory units of a higher hazard class by construction equal 
to or greater than the fire resistance reqtfirements shown 
in Table 3-1. 

3-1.6 Penetrat ions of fire-rated floor/ceiling and wall 
assemblies shall be protected so as to retain the required 
fire resistance rating and to prevent the passage of smoke, 
fire, or vapors between such fire-rated floors or through 
such fire-rated walls. (See 6-11.3). 

3-1.7 All floor openings shall be sealed or curbed to pre- 
vent liquid leakage to lower floors. 

3-2 Maximum Area of  Laboratory Units.  The maximum 
area of a laboratory unit shall be determined by the fire 
hazard classification, the construction of the laboratory 
unit, and the fire protection provided, as shown in Table 
3-1. 

3-3" Requirements  for Means of  Egress. Means of egress 
for laboratory buildings, laboratory units, and laboratory 
work areas shall comply with NFPA I01, Life Safe(v Code. 

3-4 Means of  Access  to an Exit. 

3-4.1" A second means of access to an exit shall be pro- 
vided from a laboratory work area if any of the situations 
described in (a) through (f) exist. 

(a) A laboratory work area contains an explosion hazard 
so located that an incident would block escape ti'om or 
access to the laboratory work area. 

(b) A laboratory work area within a Class A laboratory 
unit exceeds 500 sq ft (46.5 m~). 

(c) A laboratory work area within a Class B or Class C 
laboratory unit exceeds 1000 sq ft (92.9 re'e). 

(d) A hood in a laboratory work area is located adjacent 
to the primary means of exit access. 

(e) There is a compressed gas cylinder in use dlat: 

1. Is larger than lecture bottle size, and 

2. Contains a gas that is flammable or has a Heahh 
Hazard Rating of 3 or 4, and 

3. Could prevent safe egress in the event of acciden- 
tal release of cylinder contents. (See Section 8-2.) 

(t) There is a cryogenic container in use that: 

1. Contains a flammable gas or has a Health Hazard 
Rating of 3 or 4, and 

2. Could prevent safe egress in the event of acciden- 
tal release of container contents. (See Section 8-3.) 

3-4.2 The required exit doors of all laboratory work areas 
within Class A or Class B laboratory units shall swing in the 
direction of exit travel. 

I 3-4.3" The required exit doors of all laboratory work 
areas within Class C laboratory units shall be permitted to 

swing against the direction of exit travel or shall be permit- 
ted to be a horizontal sliding door complying with NFPA 
101, Life Safety Code. 

3-5* Furniture and Equipment. Furniture and equip- 
ment in laboratory work areas shall be arranged so that 
means of access to an exit may be reached easily fiom any 
point. 

3-6 Electrical  Instal lation.  All electrical installations, 
including wiring and appurtenances, apparatus, lighting, 
signal systems, alarm systems, remote control systems, or 
parts thereof, shall comply with NFPA 70, National Electr> 
cal Code. ® 

3-6.1 Electrical receptacles, switches, and controls shall be 
located so as not to be subject to liquid spills. 

3-6.2 Laboratory work areas and laboratory units shall be 
considered as unclassified electrically with respect to Article 
500 of NFPA 70, National Electrical Code. 

Exception: Under some conditions of extraordinary, hazard, it 
could be necessary to classify a laboratory work area, or a part 
thereof, as a hazardous location, for the purpose of designating 
statable electrical installations. (See 9-2.2 and 9-2.5.) 

Chapter  4 F ire  P r o t e c t i o n  

4-1 General. 

4-1.1 All laboratory units shall be provided with fire pro- 
tection appropriate to the fire hazard as follows: 

(a) Portable fire extinguishers (see Section 4-4). 
(b) Fire alarm systems (see Section 4-5). 
(c) Evacuation and emergency plans (see Section 4-6). 

4-1.2 In addition to the fire protection specified in 4-1.1, 
laboratory units under  some conditions shall be provided 
with automatic extinguishing systems (see Section 4-2) and 
inside standpipe and hose systems (see Section 4-3). 

4-2 Automatic Fire Extinguishing Systems, 

4-2.1" Automatic Sprinkler Systems. 

4-2.1.1 An automatic sprinkler system, where required by 
Table 3-1, depending on the construction of the building, 
the hazard class of the laboratory unit, the construction of 
the laboratory unit enclosure, and the area of the labora- 
tory unit shall be in accordance with the fifth)wing: 

(a) Automatic sprinkler systems for Class A laboratory 
units shall be designed tot extra hazard occupancies or 
shall be hydraulically designed tot  Ord ina ry  Hazard 
Group 3, as specified in NFPA 13, Standard for ti~e l,stalla- 
tion o[ Sprinkler Systems. 

(b) Automatic sprinkler systems tor Class B laboratory 
units shall be designed for ordinary hazard occut)ancies or 
shall be hydraulically designed for Ord inary  Hazard 
Group 2, as specified in NFPA 13, Sta,dardfor tile lnstalla- 
tio, of Sprinkler S~'stem,s. 
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(c) Automatic sprinkler systems ibr Class C laboratory 
units shall be designed tbr ordinary hazard occupancies or 
shall be hydraul ica l ly  des igned  for O r d i n a r y  Haza rd  
Group I, as specified in NFI'A 13, Standard for the Installa- 
tion of Sprinkler Svstems. 

4-2.1.2 Automatic spr inkler  systems shall be inspected 
semiannually, cared for properly,  and maintained in ser- 
vice. (See NFPA 13,4, Recommended l'ractice for the Inspection, 
7"e,stittg and Maintenance of Sprinkler ,~vstems.) 

4-2.2 Other Automatic Ext ingu i sh ing  Systems Where 
required or used in place of automatic sprinkler  systems, 
special hazard extinguishing systems and nonwater auto- 
matic exlinguishing systems shall he designed, installed, 
and mainta ined ira accordance with the following stan- 
dards,  ;is applicable: 

(a) N FI'A 11, Standard Jbr Low E:,:/mnsmn Foam and Com- 
bined Agent Systems 

(b) N FI'A I lA, Standanl/br Me&am- and High-Expansion 
Foam Svslems 

(c) N FI'A 12, Standard on Carbon Dioxide Extinguishing 
Systems 

(d) N FI'A 12A, Standard on Halon 1301 Fire Extinguishing 
Svstenls 

(e) N H'A 1215, Standard on Halon 1211 Fire Extinguishing 
Systems 

(t) NFI'A 15, Standard /br Water Spray Fixed Systems /br 
Fire Prolechon 

(g) N FI'A 17, Standard/br Dry Chemical Extinguishing Svs- 
lems 

(h) NFI'A 17A, Standard ./or Wet ChemuYd Extingmshmg 
Systems 

(i) NFI'A 69, Standard on Explosmn l'revenlmn Svstem.s. 

4-2.3* The discharge of an automatic fire extinguishing 
system sh:dl activate lira audible fire alarm svstem on tim 
premises. 

4-3 Standpipe and Hose Systems. 

4-3.1" llr all unsprinklered laboratory buildings with two 
or more stories above or below the street floor, a s tandpipe 
with 2i/_,-iu. (65-ram) hose connections shall be provided 
f()r use l)v the the  brigade ()r the live depar tment .  

I 4-3.2" Standpipes sha l lbc ins ta l l ed ,  inspected, and main- 
rained in accordance with N FPA 14, Standard/br the Instal- 
lahon ¢!/ Standpipe and Hose ,%'slem.s. 

4-3.3 Ih)se lines shall be (,fan approved type and shall be 
Iesled and cared fi)r in acc()rdance with NFPA 1962, Stan- 
dard./br the Care, (Ae, and Maintenance of Fire Hose Including 
Conneclton,s and NozJe.s. 

4-4 Portable Fire Ext inguishers .  Portable fire extin- 
guishers  shall be installed, located, and mainta ined  in 
accordzmcc with N FPA 1 O, Standard Jar Portable Fire Extin- 
guishers. For purposes of live extinguisher placement,  Class 
A lab()ratorv units shall be graded as extra hazard and 
(:lass P, and C lab()vatory units as ordinary hazard. 

4-5 Fire Alarm Systems. 

4-5.1 A manual [ire alarm system shall be installed in a 
laboratory building if a fire may not, of itself, provide ade- 
quate warning to building occupants. 

4-5.2 Fire a larm systems and fire de tec t ion  systems, 
where required,  shall be installed and maintained in accor- 
dance with the fi)llowing standards,  as applicable: 

(a) N FI)A 71, Standard Jbr the Installation, Maintenance, 
and Use of Signaling System~ for ('entral Station Service. 

(b) NFPA 72, Standard Jar the Installation, Maintenance, 
and Use of Protective Stgnahng Systems. 

(c) N FPA 72E, Standard on Automatic Fire Detectors. 

4-5.3 Signal transmission tor alarms designed to activate 
signals at more than one location shall be verified at each 
location dur ing each inspection of the alarm system. 

4-5.4 The fire alarm s vstem, where required,  shall be so 
designed ttlat all personnel endangered  by the fire condi- 
tion or a contingent condition shall be alerted. 

4-5.5 The fire alarm svstem shall alert a local tire brigade 
or public tire depar lnmnt .  

4-6 Fire Loss Prevention. 

4-6.1 Fire Prevention Procedures. Fire prevention pro- 
cedures shall be established. The fi)llowing critical areas 
require special consideration: 

(a) Handl ing and storage of flammable and combustible 
liquids or gases; 

(t3) Handling and storage of hazardous chemicals: 

(c) Open flame and spark producing equipment  work 
permit  system; 

(d) Arrangemer | t  and use of portable electric cords; 

(e) Smoking area controls. 

4-6.2* Maintenance  Procedures .  Maintenance  proce-  
dures shall be established. Such procedures  shall include 
inspection, testing, and maintenance ()t: 

(a) Utili t ies--steam, gas, electrical: 
(b) Air supply and exhaust systems; 
(c) Firc protection equipment;  
(d) Detectors and alarms; 
(e) t ' ressure and tempera ture  relief valves; 
(t) Waste disposal systems; 
(g) Fire doors. 

4-6.3 Emergency Procedures. 

4-6.3.1" l ' rocedures for laboratory emergencies shall be 
developed. Such procedures  shall include alarm activation, 
evacuation, and eqt.ipmenI shutdown procedures.  Provi- 
sion tbr tire fighting actions shall include specific detailed 
plans tot live control operat ions by a fire br igade or a pub- 
lit fire depar tment ,  including considerat ion of unusual  
mmfire hazards. 

4-6.3.2* Emergency procedures  ti)r extinguishing cloth- 
ing fires shall be established. 
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Chapter 5 Explosion Hazard Protection 

5-1 General. 

5-1.1 When a laboratory work area or a laboratory unit is 
considered to contain an explosion hazard, as defined in 
2-3.1 and 2-3.2, appropr ia te  protection shall be provided 
to protect the occupants of the laboratory work area, the 
laboratory unit, adjoining laboratory units, and nunlabora- 
tory areas. (See Appendix C for further b~formation.) 

5-1.2 Protection shall be provided by one or more of the 
tollowing: 

(a) Limiting amotmts of t tammable or reactive chemicals 
or chemicals  with unknown characterist ics  used in or 
exposed bv experiments;  

(b) Special preventive or protective measures for the 
reactions, equipment ,  or materials themselves (e.g., high 
speed fire detect ion with deluge sprinklers ,  explosion- 
resistant equipment  or enclosures, explosion suppression, 
explosion venting directed to a safe location; see 4-2.3). 

(c) Explosion-resistant walls or barricades a round  the 
laboratory work area containing the explosion hazard; ,see 
Section 5-2. 

(d) Remote control of equipment  to mininfize personnel 
exposure;  

(e) Sulficient deflagratiun venting in outside walls to 
maintain the integrity of the walls separat ing the hazard- 
uus laboratory work area or laboratory unit from adjoining 
areas. 

(t) Conduct ing experiments  in a detached or isolated 
building, or outdoors.  

5-2 Explosion-Resistant Construction. When explosion- 
resistant construction is used, adequately designed explo- 
sion resistance shall be achieved by one of the following 
methods: 

(a) Reinforced concrete walls; 

(b) Rodded and filled concrete block walls; 

(c) Steel walls; 

(d) Steel plate walls with energy-absorbing linings; 

(e) Barricades, such as those used tbr explosives opera-  
tions, constructed of reinforced concrete, sand-filled/wood- 
sandwich walls, woodlined steel plate, or earthen or rock 
bernls; 

(f) Specifically engineered construction assemblies. 

5-3 Explosion Venting. When explosion venting is used, 
it shall be designed so that: 

(a) Fragments  will not strike other  occupied buildings or 
areas; or 

(b)* Fragments  will be intercepted by blast mats, 
energy-absorbing barr ier  walls, or earthen berms. 

5-4 Unauthorized Access. A p p r o p r i a t e  doors ,  gates, 
fences, or other  barriers,  proper ly  posted, shall be pro- 
vided to prevent  or restrict access to laboratory work areas 
and laboratory units containing an explosion hazard and to 
the space between explosion vents and f iagment  barriers. 

5-5 Inspection and Maintenance. 

5-5.1 Inspection of all protective construction devices and 
systems shall be conducted at least annually with appropr i -  
ate maintenance to assure integrity and operability. 

5-5.2" Explosion shields and special explosion-containing 
hoods shall be inspected prior  to each use fi~r deteriora-  
tion, especially t ransparent  shields and sight panels in spe- 
cial explosion-cuntaining hoods. 

Chapter 6 Laboratory Ventilating Systems 
and Hood Requirements 

6-1 Scope. 

6-1.1 This chapter  applies to laboratory exhaust systems, 
including laboratory hoods, biological safety cabinets, spe- 
cial local exhaust devices, and other systems tot exhausting 
air from laboratory work areas in which hazardous gases, 
vapors, or particulate matter  may be released. 

6-1.2 This chapter  also contains certain requirements  fi)r 
laboratory air supply systems. 

6-1.3 This chapter  also contains requirements  lot  label- 
ing, inspection, and maintenance of laboratory ventilating 
systems and hoods. 

6-2 Basic Requirements. 

6-2.1 This chapter  establishes requirements  ior labora- 
tory exhaust systems and laboratory air supply systems. 
Laboratory ventilation systems shall be designed to ensure 
that hazardous chemicals originating fiom laboratory oper-  
ations shall not be recirculated.  Release of  hazardous  
chemicals into the laboratory shall be controlled by enclo- 
sure or capture as necessary to prevent  flammable concen- 
trations of vapors from reaching ignition sources. 

6-2.1.1 NFPA 90A, Standard for the Installation of Air Con- 
ditionmg and Ventilating ,Svstem,~, contains additional require- 
ments for general  environmental  ventilating systems. 

6-2.1.2 NFPA 91, Standard for the Installation of Blower and 
Exhaust Systems for Dust, Stock, and Vapor Removal o1 Convey- 
ing, contains additional requirements  for special exhaust 
systems other than laboratory hoods. 

6-2.2* Laboratory hoods shall not be relied upon to pro- 
vide  exp los ion  ('blast) p r o t e c t i o n  unless  spec i t ica l ly  
designed to do so. 

6-2.3 When perchloric acid is evaporated in a laboratory 
hood, the requirements of Section 6-12 shall apply. 

6-3" Definitions. For the purpose  of this chapter,  the fol- 
lowing terms shall have the meanings given below. 

Auxiliary Air. Supply or supplemental  air delivered 
near the outside face of a laboratory hood to reduce room 
air consumption. 
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Bame. A paucl <)r p:mcls h)cated at the rear  of  the 
hood intcri~r  that aid m dis t r ibut ing the th>w pat tern  of  air 
moving  into and th rough  the h<~<~<t. 

Biological Safety Cabinet. A special safety enclosure  
usc<l to h,m<llc and c<mtain t)ioh>gical inatcr ia ls ." lhis  ench>- 
surc is m,I at laboratory hood as <letmcd in this section. 

Bypass. An aullow-c<mq)ensat ing open ing  that main- 
t;gm, a rcl;itivclv (<>llSt,lnl "+'olumc exhaust  thwmgh a labo- 
ra t .vv  hood rcg,mlless  ot sash position. It serves to limit 
the m, lx imum tacc velocity ,is the sash is lowered.  

Canopy Hood. .4 s t , spendcd vent i la t ing device  used 
only to exhaust  heat, water  vapor,  odors,  and o the r  non- 
hazmdot ts  materials.  This  is m~t a l,d)oratorv, hood and gen- 
c r a l h  is , , l  cite.clive for exhaus t ing  toxic or  I lainmahle 
inatc:rizds. 

Deflector Vane. An airtoil-slmped vane ahmg the hot- 
tom <>t the h .od  titcc that directs incoming  ;tit across the 
work surfitcc to the lower haftlc ot)ening.  T h e  open ing  
hetwcen the work surtace and the def lector  vane is open  
even with the sash fully ch>sed. 

Face (of hood). T h e  hood open ing  t,r the plane of  the 
inside s u r l i , c  of  the sash. This  atca is t,sed to calculate the 
square  Ib<>tagc of  hood opctling+ ,ind t{tce veh>citv is nlea- 
surcd in this plane. 

Face Velocity. The rate of thm c,r velocity of air mov- 
i I Ig  into t h e  l a h m a l < w v  h o o d  c h i t - a l i c e  Ol + f h c e ,  a s  I l l e a s t l r e d  

at the planc of  the laboratory hood l~tce. 

Hood Interior. T h e  vo lume  enclosed hy the side, hack, 
and top cnch~surc panels,  the work surlace,  the access 
o p e n i n g  (c,dlcd the tact) ,  the  sash or  sashes, and the 
exhaust  p l c tmm,  inc luding lhe haflle system for airflow dis- 
t ellration. 

Laboratory Hood. A venti lated enclosure  des igned to 
c a p l t t r c ,  t O l l t a i l l ,  illl(t e x h a t l s t  f t H n e s ,  g a s e s ,  v a p o r s ,  I l l i s ts .  

and partier,late mat te r  genera ted  within the hood in ter ior  
(.we .+t-6-3. "l)e,crq)hrm of "l)'pes of Lahoralor~, Hoods"). 

Laminar Flow Cabinet. A xcnti lated,  partially enclosed 
cahinct p t imar i ly  in tended  to provide  "c lean"  airflow over  
the work surtJ.cc hv use of  laminar  airflow inettmds,  l+ami- 
n ,u  flow cabinets that recirculatc cxhat,st  :tit are  not lat>o- 
ra torv hoods as d e h n e d  in this s t ,mdard.  Laminar  flow cab- 
mcts that tl~ no/ rccirculate  exhaus t  air may he used as 
lah<watorv ln~o¢ls, p rov ided  they. are cons t ruc ted  of  suitable 
materials,  arc  p roper ly  main ta ined  t .  ensure  cot l ta inmcnt  
of  contamilmnts ,  and will meet the p e r l o r m a n c c  require-  
merits <)l this chapter .  This  is not a laboratory hood as 
de t ined  in this chapter .  

Sash. A m o v a b l e  pane l  or  pane l s  set in the hood  
en t rance  used to tbrm a protect ive shield and t<) control  
the titce vch~citv. 

6-4 Supply Systems. 

6-4.1 T h e  location o f t ] e s h  air retakes shall be chosen to 
avoid d r ; m i n g  m hazardous  chenficals or  products  of  com- 
bustion coming  e i ther  t iom the lah<watory hui ld ing  itself or  
f iom o ther  s t ructures  and devices. 

6-4.2* Lahora to rv  traits and lahora tory  work areas in 
which hazardous  chemicals are  present  shall maintain a 
continllOUS airflow at an :tit pressure  that is negat ive rela- 
tive to the cor r idors  oi + adlaccnt  n<mlaboratorv areas. 

Exc~J)hon No. 1: II]Twre operations such as those requmng elean 
rooms preclude a ?lej,rallue pres.sure re/alive Io sarroatidlllg areas, 
spectal precautions shall be taken to prevent escape ~/ the atmo- 
sphere In the laboratory work area or untl Io the sttrrotttldlttF, 
space,s. 

Excephon No. 2: Lahoralmw work areas in which not more lha~t 
one liter,of flammable hquMs or not more than 3(I sta~Mard cu.fi 
(0.85 m ') oJ hqa+Jied.flammahh~ ga,s or compressed,flammahle gas 
are u,sed are exeladed J}om tim reqairement. 

6-4.3 Care  shall bc exercised in the selection and place- 
merit of  air supply dilt'usi<m devices to avoid air currents  
that would adversely alfecl the p e r t o r m a n c e  of  laboratory, 
hoods,  exhaus t  systems, and l ife detect ion or  ex t inguish ing  
systems. [See Seclmn 4-2, 4-5.2(e), and 6-1(I. 1.] 

6-5 Exhaust Air Discharge. 

6-5.1" Air exhaus ted  from laboratory hoods and o ther  
special local exhat,  st systems shall not  bc recirculated.  

6-5.2 If  energy  conservat ion devices are used, they shall 
not  recirculale  laboratory exhaust  air or  o therwise  compro-  
mise the sati:tv ot + the lahoratorv  hood.  l ':nergy conserva-  
tion devices d'esigned to recover  latent heat  shall not be 
used in laboratory hood exhaus t  systems that could contain 
f lammable  or  toxic chemicals  because of  the risk of  re turn-  
ing contaminants  to the t~csh air supply. 

6-5.3 ,~t + exhat,  stcd f iom laborat<wv work areas shall not  
pass t t l lducted th rough  o the r  areas. 

I 6-5.4* Air f rom lahoratot-y units and labora tory  work 
areas in which hazardous  chemicals  are  present  shall be 
continu<)uslv d ischarged th rough  duct systems main ta ined  
at a negat ive pressure  relative to the pressure  of  normally 
occupied areas of  the buihling.  

6-5.5 Lahora torv  hood thee velocities shall he sufficient to 
prevent  the escape of  contanfinants  genera ted  iu the hood.  
T h e  hood shall p rovide  conf inemen t  of  the possible haz- 
ards and prolec t ion  toe personnel .  

6-5.6 Special local cxhat,st systems, such as snorkels or  
"e lephan t  t runks,"  shall have sufficient cap ture  velocities to 
entra in  the hazardous  chemicals  heing released. 

6-6 Duct Construction for Hoods and Local Exhaust Systems. 

6-6 .1"  Ducts  f rom l a h o r a t o r y  hoods  and  f rom local 
e x h a t l s t  svs l e l l lS  shall he C O l l S t l ' t l c t c d  e m i r e l v  o f  n o n c o m -  

bustiblc materials.  

Exeeptmn No. 1: l"lextble dacts of combashhle construction shall 
be permttted to he u.~ed /br speetal local exhaust svstem.~ within a 
laborah,-v work area. (See 6-6.2.) 

Exceptmn No. 2: ('ombastihle ducts .shall he pertmtled to be used 
if  enclosed m a shaft o[ noncombustible or limited comhusttble con- 
slrachon where they pass throut,,h nonlaboralorv areas or throagh 
laboratom" units otJzer lhan the one lhe~' set~,e, (See 6-6.2.) 
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Exception No. 3: Combustible ducts shall be permitted to be used 
tf all areas through whtch they pass are protected with an 
approved automatic/ire extingutshing system, as described m 
Chapter 4. (See 6-6.2.) 

6-6.2 Combustible ducts or duct linings shall have a flame 
spread index of 25 or less when tested in accordance with 
NFPA 255, Standard Method of Test of Surface Burning Char- 
acteristics of Building Materials. Test specimens shall be of 
the minimum thickness used in the construction of the 
duct or duct lining. 

6-6.3 Duct systems fi)r perchloric acid hoods shall be con- 
strutted in accordance with 6-12.3. 

6-6.4 Ducts shall be of adequate strength and rigidity to 
meet the conditions of service and installation require- 
ments and shall be protected against mechanical damage. 

6-6.5 Materials used for vibration isolation connectors 
shall comply with 6-6.2. 

6-6.6 Flexible connectors containing pockets in which 
conveyed material may collect shall not be used in any con- 
cealed space or where strong oxidizing chemicals are used 
(e.g., perchloric acid). 

6-6.7 Controls and dampers, where required tbr balanc- 
ing or control of the exhaust system, shall be of a type that, 
in event of failure, will fail open to assure continuous draft. 
(See 6-11.3.) 

6-6.8 Hand holes installed f i ) r  damper, sprinkler, or fus- 
ible link inspection or resetting and for residue clean-out 
purposes shall be equipped with tight-fitting covers pro- 
vided with substantial fasteners. 

6-6.9 Exhaust ducts ftom each laborato~ unit shall be sep- 
arately ducted to a point outside the building, to a mechan- 
ical space, or to a shaft. (See 3-1.6 and 6-11.3.) Connection 
to a common laboratory hood exhaust duct system shall be 
permitted to occur at tt~ese points. Exhaust ducts from lab- 
oratory hoods and other exhaust systems within the same 
laboratory unit shall be permitted to be combined within 

I that laboratory unit, (See 6-5.1.) 

6-7 Duct Velocities. Duct velocities of laboratory exhaust 
systems shall be high enough to minimize the deposition of 
materials in the exhaust systems. 

6-8 Exhausters (Fans), Controls, Velocities, and Dis- 
charge. 

6-8.1 Fans shall be selected to meet fire, explosion, and 
corrosion requirements. 

6-8.2 Fans conveying both corrosive and flammable or 
combustible materials shall be permitted to be lined with or 
constructed of corrosion-resistant materials having a flame 
spread index of 25 or less when tested in accordance with 
NFPA 255, Standard Method of Test of Surface Burning Char- 
acteristics of Baildmg Materials. 

6-8.3 Fans shall be located and arranged so as to afford 
read) access fi)r repairs, cleaning, inspection, and mainte- 
nance. 

6-8.4* When flammable gases or vapors or combustible 
dusts are passed through the fans, the rotating element 
shall be of nonferrous or spark-resistant construction. 
Alternatively, the casing shall be constructed of or lined 
with such material. Where there is the possibility of solid 
material passing through the fan that would produce a 
spark, both the rotating element and the casing shall be 
constructed of such material. Nonferrous or spark-resistant 
materials shall have a flame spread index of 25 or less 
when tested in accordance with NFPA 255, Standard Method 
of Test of Surface Burning Characteristics of Budding Materials. 

6-8.5 Motors and their controls shall be located outside 
the location where flammable or combustible vapors or 
combustible dusts are generated or conveved unless specif- 
ically approved for the location and use. 

6-8.6* Fans shall be labeled with an arrow or other means 
to indicate proper direction of rotation and with the loca- 
tion of laboratory hoods and exhaust systems served. 

6-8.7* Air exhausted front laboratory hoods and special 
exhaust systems shall be discharged above the roof at a 
location, height, and velocity sufficient to prevent reentry 
of hazardous chemicals. 

6-9 Laboratory Hood Construction. (See also 6-2.2 a,d 
5ectton 6-12.) 

6-9.1 Laboratory Hood Interiors. 

6-9.1.1 Materials of construction used fbr the interiors of 
new laboratory hoods or tor the moditication of the interi- 
ors of existing laboratory hoods shall have a tlame spread 
index of 25 or less when tested according to NFPA 255, 
Standard Method o/Test of Surface Burning Charm tertstus o/ 
Building Materials. 

Exception: Where special requirements of use dutate, hood inte- 
riors shall be permitted to be constructed ~f material,s having a 

flame spread index greater than 25, if the interior ~![ the hood is 
provided with automatic fire protection in accordance with 6-I 1.2. 

6-9.1.2" Baffles shall be constructed so that they may not 
be adjus ted  to material ly restrict the volume of air 
exhausted through the laboratory hood. 

6-9.1.3" Laboratory hoods shall be provided with a 
means of containing minor spills. 

6-9.2* Laboratory Hood Sash. The sash, if' provided, 
shall be glazed with material that will provide protection to 
the operator or the environment  against the hazards nor- 
mally associated with the use of the hood. (See also Appendix 
C.) 

6-9.3 Laboratory Hood Air Bypass. The bypass opening 
shall be shielded bv a grille or solid panel to impede or 
deflect flying glass or flaming debris in case of a runaway 
reaction within the hood. 

6-9.4 Electrical Devices. 

6-9.4.1" For new installations or modifications of existing 
installations, fixed electrical services and their controls 
shall be located external to the hood and within easy reach. 
(See 3-6. I.) 
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6-9.4.2 In existing installations where services and con- 
trols are within the hood, additional electrical disconnects 
shall be located within 50 ft ( 15.25 m) of the hood and shall 
he accessible and clearly marked. 

Exceptzon: I f  electrical receptacles are located external to the 
hood, m) additmnal electrical disconnect shall be reqmred. (See 
~-6.1.) 

6-9.4.3 Hood lighting shall be provided by t ixturescxter-  
nal to the hood, or, if located within the hood interior, the 
tixttu-es shall meet the requirements of Article 501 of NFPA 
70, National Electrical Code. 

6-9.5 Other Hood Services. 

6-9.5.1 For new installations or modifications of existing 
installations, controls fi)r laboratory hood services (gas, air, 
water, etc.) shall he located external to the hood and within 
easy reach. 

6-9.5.2 In existing installations where service controls are 
within the hood, additional shutoffs shall be located within 
50 ft (15.25 m) of the hood and shall be accessible and 
clearly marked. 

6-9.6 Auxil iary Air. For auxiliary air hoods, auxiliary air 
shall be introduced exterior to the hood face in such a 
manner  that the airflow does not compromise the protec- 
tion provided by, the hood and so that an imbalance of 
auxiliary air to exhaust air will not pressurize the hood 
interior. 

6-9.7 Airf low Indicators .  Airflow indicators shall be 
installed on new laboratory hoods or on existing laboratory 
hoods, when modified. 

6-10 Laboratory Hood Location. 

6-10.1" Laboratory hoods shall lye located in areas of 
nmfimum air turbulence. 

6-10.2 For new installations, laboratory hoods shall not 
lye located adjacent to a single means of access to an exit or 
high trafiic areas. 

6-10.3 Work stations where personnel will spend m u c h o f  
their working day, such as desks or microscope benches, 
shall not be located directly in front of laboratory hood 
openings. 

6-11 Laboratory Hood Fire Protection. 

6-11.1 Automatic fire protection systems shall not be 
required in laboratory hoods. 

Excephon No. 1: Automatic fire proteehon shall be reqmred for 
existing hoods having interior.~ with a flame spread index greater 
than 25 m whzch flammable hqmds are handled. 

Exception No. 2: Under eonditlons (!/ extraordinary, hazaM, 
automatic.fire protection may be required for hoods haz,mg interz- 
ors wzth a ./tame spread index of 25 or less. 

6-11.2 Automatic fire protection systems, where pro- 
vided, shall comply with the following standards, as appli- 
cable. 

(a) NFPA 12, Standard on Carbon Dmxide Extmgaishing 
S~,stems; 

(b) NFPA 12A, Standard on Halon 1301 Fire Extinguishing 
Systems; 

(c) NFPA 12B, Standard on Halon 1211 hre  Extm futshing 
S~,,Mem.s; 

(d) N FPA 13, Standard Jbr the ln.~tallatmn :![ Sprinkler .%,s- 
tems; 

(el NFPA 15, Standard,/or Water Spray Fzxed Systems,[or 
Fire Protection ; 

(t) N FPA 17, Standard Jot Dm Chemical Extinguishing Sys- 
tems; 

(g) NFPA 17A, StandaM for Wet Chemical ExtmlZm.shing 
Systems. 

6-11.2.1 The tire extinguishing system shall be suitable to 
extinguish fires within the laboratory hood under  the 
anticipated conditions of use. 

6-11.3 Automatic fire dampers shall not be used in labo- 
ratory hood exhaust systems. Fire detection and alarm sys- 
tems shall not be interlocked to automatically shut down 
laboratory hood exhaust fans. 

Exceptmn*: Where a gaseous fire extinguishing system is used to 
protect a laboratm3, hood, the protected laboraton' hood shall be 
independent of allother laboratom hoods and its exhaust system 
shall be permitted to be interlocked to shut down upon actuahon of 
the fire extmgmshmg system. 

6-12 Perchloric Acid Hoods.  

6-12.1" If perchloric acid is heated above ambient tem- 
perature and wipors are not trapped or scrubbed heft)re 
entering the laboratory hood or its exhaust system, a sep- 
arate hood, designed for use with perchloric acid and 
labeled "For Perchloric Acid Operations Only," shall be 
provided. (See also 9-1.2.4.) 

6-12.2" If a laboratory hood or exhaust system has been 
exposed to perchloric acid heated above ambient tempera- 
ture, tests shall be conducted lot explosive perchlorates 
before any inspection, cleaning, maintenance, or any other 
work is done on any part of the exhaust system or hood 
interior. 

6-12.3 Perchloric acid hoods and exhaust ductwork shall 
be constructed of materials that are acid resistant, nonreac- 
tive, and impervious to perchloric acid. 

6-12.4 The exhaust fan shall be acid resistant and spark- 
resistant. The exhaust [an motor shall not be located within 
the ductwork. Drive belts shall be conductive and shall not 
be located within the ductwork. 

6-12.5 Ductwork tot perchloric acid hoods and exhaust 
systems shall take the shortest and straightest path to the 
outside of tile building and shall not be manifolded with 
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other  exhaust systems. Horizontal runs shall be as short  as 
possible, with no sharp turns or bends. The ductwork shall 
provide a positive drainage slope back into the hood. Duct- 
work shall consist of sealed sections. Flexible connectors 
shall not be used. 

6-12.6 Sealants, gaskets, and lubricants used with per- 
chloric acid hoods, ductwork, and exhaust systems shall be 
acid resistant and nonreactive with perchloric acid. 

6-12.7" A water spray system shall be provided for wash- 
ing down the hood inter ior  behind the baffle and the 
entire exhaust  system. The  hood work surface shall be 
watertight with a minimum depression of t/2 in. (12.7 mm) 
at the front and sides. An integral trough shall be provided 
at the rear of  the hood to collect wash-down water. 

6-12.8 The  hood batlte shall be removable for inspection 
and cleaning. 

6-13 Labeling of Laboratory Hoods. Laboratory hoods 
and special local exhaust systems shall be labeled to indi- 
cate intended use. 

6-13.1 Laboratory hoods in which radioactive materials 
are handled shall be identified with the radiation hazard 
symbol. 

6-13.2 A sign shall be affixed to each hood containing the 
following inlbrm:ation from the last inspection: 

(a) Inspection interval; 

(b) Last inspection date; 

(c) Average lace velocity; 

(d) Location of fan that serves hood; 

(e) Inspector 's  name. 

Exception: In lieu of a sign, a properly maintained log of all 
hoods giving the above inJormation shall be deemed acceptable. 

6-14 Inspection, Testing, and Maintenance. 

6-14.1" When installed or modified and at least annually 
thereafter,  laboratory hoods, laboratory hood exhaust sys- 
tems, and  labora tory  special exhaust  systems shall be 
inspected and tested. The  following inspections and tests, 
as applicable, shall be made: 

(a) Visual inspection of the physical condition of the 
hood interior, sash, and ductwork (see 5-5.2); 

(b) Airflow indicator systems; 

(c) Low airflow and loss-of-airflow alarms at each alarm 
location; 

(d) Face velocity; 

(e) Verification of inward airflow over the entire hood 
thce; 

(f) Changes in work area condit ions that may affect 
hood performance.  

6-14.2 Deficiencies in hood per formance  shall be cor- 
rected or: 

(a) The  activity within the hood shall be restricted to the 
capability of the hoods; or, 

(b) The  hood shall not be used. 

6-14.3 Laboratory hood face velocity profile or exhaust 
air quantity shall be checked after any adjustment  to the 
ventilation balance. 

6-14.4 Detectors and Alarms. Air system flow detectors, 
if installed, shall be inspected and tested annually. Where 
potentially corrosive or obstructive conditions exist, the 
inspection and test frequency shall be increased appropr i -  
ately. 

6-14.5 Fans and Motors. 

6-14.5.1" Air supply and exhaust fans, motors, and com- 
ponents shall be inspected at least annually. 

6-14.5.2 When airflow detectors  are  not p rovided  or  
airflow-rate tests are not made, fan belts shall be inspected 
qua r t e r ly .  F rayed  or  b r o k e n  belts shall  be r e p l a c e d  
promptly.  When double sheaves and belts are employed,  
the inspection frequency shall be permit ted to be semi- 
annual. 

6-14.6 Fixed fire extinguishing systems protecting filters 
shall be inspected quarterly for accumulation of deposits 
on nozzles. Nozzles shall be cleaned as necessary. 

Chapter 7 Chemical Storage, Handling, 
and Waste Disposal 

7-1" Ordering Procedures. When a chemical is ordered ,  
steps shall be taken to determine  the hazards and to trans- 
mit that information to those who will receive, store, use, 
or dispose of  the chemical. Restrictions imposed by govern- 
mental regulations and in-house rules shall be followed. 

7-2 Handling and Storage. 

7-2.1 Facilities. 

7-2.1.1 Hazardous chemicals shall not be brought  into a 
laboratory work area unless design, construction, and fire 
protection of receiving and storage thcilities are commen- 
su ra te  with the quant i t ies  and  hazards  of  chemicals  
involved. 

7-2.1.2 Safe storage facilities shall be provided fi)r materi- 
als having unique physical or hazardous properties,  such as 
tempera ture  sensitivity, water reactivity, or explosibility. 
(See A-7-1 for sources of additional reformation.) 
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Table 7-2 Maximum Allowable Container Capacity 

Flammable Liquids 2 Combustible  Liquids ~ 

Container Type 
2;lass 
Vletal (other than I)()T drums) or Approved Plastic 
";;di:t v Cans 
Metal l)rums (I)()'1'} 

IA 

1 pt '; 
1 gal 
2 gal 
N/A" 

IB 

1 qt :~ 
,'5 gal I 
5 gal 4 
5 gal 4 

IC 

1 gal 
5 gal' 
5 gal I 
5 gal ~ 

IThis tabk" is taken from NFPA 30, Flammable and Combu.~t~ble L~qutds Code, except for allowable quantities 
DOT drums. 

"See B-1 tbr definiti .ns c)f" the various classes of flammable and combustible liquids. 

• ee Exception No. 1 ~t 7 -'~ 3 9 and A-7-2.3.2. 

II IIIA 

I gal 5 gal 
5 gal~ 5 gal 
5 gal' 5 gal 

60 gal 4 tit) gal 

ol tlammable liquids in metal 

~|11 lllStltlttlOllal labolatorv wmk areas, no container hn- Class l or lI liquids shall cxcccd a capacity of 1 gal, except that sa|ietv tans max 
I)e of 2-gal capacily, 

"N/A = Not :\lh~wcd. See Exccptum No. 2 of 7-2.3.2. 

For St L,mts: 1 gal = :{.785 hlcrs, I qt = ().,tlSliter: 1 pl = .48 hter. 

7-2.2  H a n d l i n g .  

7-2 .2 .1"  Rece iv ing ,  t r a n s p o r t i n g ,  u n p a c k i n g ,  a n d  dis- 
p e n s m g  of  chemica ls  a n d  o t h e r  h a z a r d o u s  mater ia l s  shall  
be ca r r i ed  out  hv t r a i ned  f)crsoimel  in such locat ions a n d  
m a n n e r  as Io min imize  haza r d s  f rom t t ammable ,  reactive,  
or  toxic mater ia ls .  

7-2.2.2" Mater ia ls  o f  cons t r uc t i on  t o r  ducts ,  p ip ing ,  a n d  
vessels shall he compa t ib l e  with mater ia l s  to be  t r a n s f e r r e d  
o r  h a n d l e d .  

7-2.2.3 Supply  p ip ing  to t  t t a m m a h l e  a n d  combus t ib l e  liq- 
uid supply  svstems shall c o m p l y  with NFPA 30, Flammable 
(rod Combu,~hble 12quids Code. 

7-2.2.4 l { e tb re  a chemica l  mater ia l  is used,  the  user  shall  
d e t e r m i n e  that  inl i>rmation a n d  facilities are  avai lable  tor  
sate disposal  of  h a z a r d o u s  mater ia l s  a n d  waste p roduc t s .  

7-2.2.5 Class 1 l iquids shall not  be s to red  or  t r a n s f e r r e d  
Ii'om one  vessel to another in any exit access. 

7-2.2.6* Transfer  of  Class 1 l iquids to smal le r  c o n t a i n e r s  
f rom bulk  stock c o n t a i n e r s  not  e x c e e d i n g  5 gal (18.9 L) in 
capaci ty ms ide  a l abora to ry  bu i l d ing  or  l abo ra to ry  work 
a rea  shall he made :  

(a) In a l abora to ry  hood :  o r  

(b) In an  a rea  p r o v i d e d  with ven t i l a t ion  a d e q u a t e  to 
p r e v e n t  accunmla t i<ms  of  f l a m m a b l e  v a p o r / a i r  m i x t u r e s  
t i o m  e x c e e d i n g  25 pe rcen t  of  the  lower f l ammab le  limit; or  

(c) In ,l s epa ra t e  inside s to rage  area ,  as de sc r ibed  in 
N FPA 3(1, Flammabh, and Combustible LHmds Code. 

7-2.2.7* Trans t ie r  of  Class l l iquids f rom c o n t a i n e r s  of  5 
gal (18.9 13 or  m o r e  capaci ty shall  be ca r r i ed  ou t  in: 

(a) A sel )ara te  a rea  ou t s ide  the  bu i ld ing ;  or  

(b) In a s epa ra t e  a rea  inside the  bu i l d ing  tha t  mee ts  the  
r e q u i r e m e n t s  of  N FPA 30, t+'lammable and Combustible Liquid+ 
(;ode. tor  inside s torage  areas.  

7-2.2.8 (;lass I l iquids shall no t  he t r a n s f e r r e d  be tween  
metal  c o n t a i n e r s  unless  the  c o n t a i n e r s  a re  electr ically 
i , l t e r conncc ted  by direct  h o n d i n g  or  by indirect  b o n d i n g  

t h r o u g h  a c o n u n o n  g r o u n d i n g  system in the  room.  T h e  max- 
m m m  resistance of  tile h o n d m g  shall not exceed 6 ohms.  

7-2 .3*  S torage .  

7-2.3.1 H a z a r d o u s  chemica ls  s to red  in the  o p e n  m the  
l abora to ry  work area  shall he kept  to the  m i n i m u m  neces- 
sary tor  tile work b e i n g  done .  

7-2.3.2* C o n t a m e ,  types a n d  m a x i m u m  capacit ies shall 
comply  with Tab le  7-2. 

Exception No. h (;las~ containels as large as I gal (,7.785 L) 
shall be penmlted to he used if  needed and i./ lhe required purity 
would be adversely q['/ected b~" storatge m a metal or an approved 
plashc container, or t /  the hquid would cause excessa,e corrosion 
or degradation o /a  metal or apprm,ed plastic container. 

Exception No. 2: Drums o/not more than 60 gal (227 L) capac- 
zty shall be penmned m a separate area inside the building if  the 
msMe area meets the reqmrements o/ NFPA 30, Flammable and 
Combustible Liqmds Code. 

7-2.3.3 H a z a r d o u s  chemica l  i nven to r i e s  shall  be wi th in  
the  p re sc r ibed  capaci t ies  of  the  s torage  facility. 

7-2.3.4* I n c o m p a t i b l e  ma te r i a l s  shall  be s e g r e g a t e d  to 
p r e v e n t  acc identa l  contac t  with o n e  a n o t h e r .  

7-2.3.5* C o n t a i n e r s  of  mater ia l s  tha t  may b e c o m e  haza rd -  
ous  u p o n  p r o h m g e d  s t o r age  shall  be d a t e d  w h e n  first 
o p e n e d .  At the  e n d  of  six m o n t h s ,  the  mate r ia l  shall be  
eva lua ted  or  tes ted for c o n t i n u e d  safe use. Mater ia l  t o u n d  
to be safe or  tha t  can be t r ea t ed  to m a k e  it safe shall be  
p e r m i t t e d  to be r e d a t e d  a n d  r e t a i n e d  tor  an  add i t iona l  six- 
m o n t h  per iod .  MI o t h e r  mate r ia l  shall be safely d i sca rded .  

7-2.3.6 L a b o r a t o r y  s to rage  tacilities shall be inspec ted  to 
e n s u r e  c o m p l i a n c e  with the  p rov is ions  of  this chap t e r .  

7-3" C o l l e c t i o n  a n d  D i s p o s a l  o f  C h e m i c a l  W a s t e s .  

7-3.1 G e n e r a l .  T h e  h a n d l i n g ,  s torage ,  a n d  t r a n s p o r t a -  
t ion of  chemica l  wastes shall  he subject  to the  a p p r o p r i a t e  
p rov is ions  of  this s t a n d a r d .  

7-3.2 Co l l ec t i on .  Special c o n s i d e r a t i o n  shall  be g iven  to 
the  classi t ication of  chemica l  waste at  the  t ime of  col lect ion 
so as to avoid chemica l  incompat ib i l i t ies .  
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7-3.3 Disposal.  

7-3.3.1 Disposal o |  chemical  wastes shall be in accordance  
with applicable g o v e r n m e n t  regulat ions and good sat;etv 
practices. 

7-3.3.2 Persons or  ageri¢ies employed  to r emove  chenlical 
wastes t i om the preniises shall be appr ised of  the basic 
charac ter  and hazards of  the waste. 

C h a p t e r  8 C o m p r e s s e d  and L iquef i ed  G a s e s  

8-1 Storage and Piping Systems. 

8-1.1" Method of  storage and piping systems tbr compressed 
gases and liquefied gases shall comply with the requirenients of 
applicable N FPA standards, including the tbllowing: 

(it) NFI 'A 50. Sla,dard]or Bulk Ox~get~ S~'slent,s at (bin.sterner 
Stte.s; 

(b) NFt 'A 50A, Standard [or Gaseous t-I~drogen Swslem.~ tit 
(JoH.stt##ler Nlles; 

(c) NFPA 5(113, Nta,dard [or Ltqueped 14ydroKe, Systems at 
Con.~umer Nile.s; 

(d) NFI 'A 51, Standard Jot the De.stg, a#td l,.stallatio, o/ 
Oxy<t~en-Fuel (;a,s ,~,.slent.s./br i.lZehltttg, Cttllmg a ,d  Alhed Proeesse.s; 

(e) NFPA 54. Natiomll Fuel Gas Code; 

(t) NFPA 58, Standard for tDe Storage a ,d  Handling of Ltq- 
ueped Petndeum (;a,se.s. 

8-1.2 Systems tor o the r  compressed  gases and [br cryo- 
gen ic  n la ler ia ls  shall  c o m p l y  with the m a n n t h c t u r e r s '  
design and specifications. 

8-1.3" Manual  shnto t t  valves shall be provided  at each 
point  of  snpply and at each point  of  use. 

Exception No. 1: ![ the containers supplying the piping .system 
are equipped with shutq/] valves, a separate valve o,  the pipit+ E 
3~,'5leltl is trot reql l l red .  

Exception No. 2: A valve at the point of use is riot required IJlhetv 
g a supply shutoff vah,e within tmmedmle reach of the point ¢¢ u.se. 

8-1.4 Each and every por t ion  of  a p ip ing svstem shall 
have un in te r rup t ib le  pressure  relieL A n y  part of  the sys- 
tenl  that  Call be isolated | i o i n  the rest o [  the system shall 
tlave adequa te  presstlre relieli 

Exceptiom I'ipt,g des(t.med jo t  a /m.s.~ure greater tim, the ntax~- 
ntt+m s)'slen~ [nes~tcre lltal cart be d+-,,Hoped trader abnorntal eottdtlicm,s. 

8-1.4.1 A pressure  re l iefsvs teni  shall bc des igned to pro- 
v ide it discharge rate su[t:lcient to avo id  f u r t l i c r  pressure 
increase a i id  shall ve i l i  to a s;ite locat ion.  

8 -1 .5"  Pe rn ianen t  piping shall be i den t i l i ed  at the supp ly  
po in t  and al each d ischarge po in t  w i th  the l ia ine  o f  thc 
i l l a le r ia l  t )e ing t ranspor ted .  

8-1.6 Piping svstenis, i n ch l d i ng  regu la to rs ,  shall not  I:le 
used ['or gases, o t h e r  t han  those  t})r w h i c h  t } lev  , i re 
des igned a l ld  iden t i t i ed .  

Exception*: ,4 piping q,.stem shall be permitted to De converted 
,/?ore one ga.s .~et~,iee to another . i re. .  lhorouL,h review of the 
de.s/Am ,spec!iuations, materials ol coil,sirra lifm, a ,d  .sen,ire eotllpftl l-  
btlilv z.~ made and otker appropriah, modilieaho,s Dave been made. 

8-2 Compressed and Liquefied Gases in Cylinders. (Nee 
AH, el,hx l+:.) 

8-2.1 Cy l i nde rs  shall be h a n d l e d  and s tored as speci t ied 
ill the re lerences  identi l ied ill 8-1. l(a), (IlL (i,), (d), and (1). 
(5'ee al.w~ :t-8-1.1.) 

8-2.2 Cy l i nde rs  that are not  necessar,v h>r CUiTent labora-  
io i ' y  req t l i r cme l l t s  shall t ie s tored in a satb locat ion  ou ts ide  
the laboraior, , '  w o r k  a lea.  

8-2.3* Cylinders  in s torage conta in ing gases thai are cot-  
rosive to cylinders or  cylinder valves or  that Inav become 
unstable wh i le  s tored in the o ' l i n d e r  shall have a i i l a x i i n u l n  
re tent ion per iod of  six months,  unless ;i sh( i i te l  per iod  is 
o therw ise  speci f ied by the n i anu lac tu re r .  

8-2.4 Cvl inders  of  all gases having H e a h h  Hazard  Ratings 
of  3 or  4 and cylinders of  gases having a Heahh  Hazard  
Rating of  2 with no physiological warn ing  proper t ies  shall 
be kept in a continu<luslv niechanicallv venti lated hood or  
o t h e r  c o n t i n n o u s l y  mechan ica l ly  ven t i l a t ed  enc losu re .  
T h e r e  shall be no rn<lre than three  cylinders o f  gases with 
H e a h h  Haza rd  Rat ings ( i f 3  (Jr 4 pe t  h(l()d (Jr o t h e r  ench)- 
stlre. (See A-8-2.7.) 

8-2.5 ,all cylinders sh,lll be secured in place to prevent tailing. 

8-2.6 T h e  quant i ty  and size of  cyl inders  in lab<nat<irv 
work areas shall comply with T a b l e  8-2. (See B-2 ~or m / o f  
malion on Health Hazard t¢alinLrs. See ..tppe,d#x E i ,r  /lamma- 
bditv charach,ri~tu,~ o/ common ¢ompre,~,~ed aml liqueiwd .~a.se.~.) 

Table 8-2 Maximum Quantity and Size Limitations for Compressed or Liquefied Gas Cylinders in Laboratory Work Areas I 

Max. No. ot Cvhnders 
per 500 sq ti or less 

Max. (?¢lindcr Size (in.) 
Approx. W,iter Voh.unc ([i L;) 

Flammable Gases and/or Oxygen 
Sprinklered 

Space 

10 x 50 
2.0 

Nonsprinklered 
Space 

1() x 50 
2.0 

Liquefied Flammable Gases 
Sprinklered 

Space 

9 x 3[1 
0.6 

Nonsprinklered 
Space 

9 x 30 
(L6 

Gases with 
Health Hazard 

Rating of 
3 or4  

3 

-t x 1:5 
0.1 

l ln instructionlll laboratory work areas, the total numl)cr of cylinders sh,dl be reduced to three m<txilmun +dzc cxlmdcrs or ten 2-hi. x 
13-in. o,'linderr, (or equivalent '-,'(l]llmC). In all other c,iscs twenty-l ive 2-m. x 13-in. t vlindcr~, 0 .  ,.'quivalent vohlmc) shall be pcrnlmed. 

For SI Units: I .Oin. = .25 mnu 500sq t i  = 46 m'-'; l .Ocu fl = 28.3 l+ 
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8-3 Cryogenic Fluids. 

8-3.1 All svsteni coinponcnl,~ used t i l r  c iyogenic thiids 
shall he sclccied and designed tbr snch service. Design 
prcssui 'e t~li- vessels ,n ld  p i p i n g  shall l ie not  less than  15() 
percent  o f  i n a x i n n i i n  pieSSili 'e relieL 

8-3.1.1" Svstenls or apparatus handl ing a cry<)genic thi id 
lha( Inav, cause l i 'ec/ ing ()1" l i t i t iet~ici iol i  o f  the s i l r l ' o u i l d i n g  
~ltlll(lSi)hClC sl ial l  I)c des igned  to p r c v c n t  contact  o f  the 
condensed , lh with 0igai i ic inaterials. Systems or appara- 
I l ls t i ; .Uidi i i lg l iquid o,x.ygcli shall be designed to p rcve l i t  
~ l i l l ac t  o t  lhc  ~lxvg/, l l  with ~li 'g;i i l ic i l l a le i ia ls .  

8-3.2 I'rcssure rel ief of vessels and t f iping handl ing cl )t ~ ~ I 
genie thlids sh<lll coluply ~viih applic,lhle requirements of 
Nccii~ m 14-1. 

8-3.3 I 'hc  space in which cryogenic systelns are located 
shall tie vct i t i l ; i tcd  co l nme t i ~ t na i c  with the properties of  
lhe spccitic cryogenic [|uid il l list'. 

8-4 Means of Egress. See Section 3-4 flu specific require- 
lllelltS [()1" ine~lns {)f e g r e s s .  

Chapter 9 Laboratory Operations and Apparatus 

9-1 Operations. 

9-1.1 Hazards of Chemicals and Chemical Reactions. 

9-1.1.1" l+efi)re lah<>ratoly t es t s  or cliemical reacti<)ns aie 
hegun, cvalnations shall bc niade fi)r hazards that may he 
ellcOtnltCled o1 gcnelated during the course of the work. 
Evaluations shall include the hazards associated with the 
properties and tile reactivity of the n/aterials used and any 
intermediate and end products that ulav be tormed, haz- 
ards ass~ciated with the operation of the equipment  at the 
~qJelailng coudit ions, and hazards associated with the pro- 
posed rcac l i ( )ns ,  e .g . ,  ox ida l iOU,  p~ciiynlel'iZation. (,See also 
9-1.1.3 t,'hm' ) 

9-1.1.2 Regular reviews of laboratory operations and pro- 
cedules shall tie conducted with special attention given to 
any change in nlaterials, operations, or personnel. 

9-1.1.3" Wiiere reactions ille being perlbrmed to synthe- 
si/e materials, the hazard characteristics of which have not 
~ct heen deternl incd hy test, precautions shall be employed 
to control the highest hazard possihle based on a known 
hazard of shnilar material. Where use of  a new material 
lllily pl'CStqit a scvcle explosion potential, initial experi- 
ments or tests sh,dl be c<ulducted in a suitable enclosure 
using nlinimal quantities and with appropriate protection 
tl)l-the operation and ti)i" personnel. (.See Chapter 5.) 

9-1.1.4 Unattended o r  a u t o m a t i c  laboratory operations 
inwJlving hazardous chemicals shall be provk{ed with reg- 
ula l  surveil lance tot abn<)rmal conditions. (See 9-1.2.3 arid 
? - 2 4 1  ) 

9-1.2 Heating Operations. 

9-1.2.1 All heating of  flammable or combustible l iquids 
shall he c()nducted so as t() n l in in l i /e  (ne hazards. 

9-1.2.2 Plovisi(ins shall tie nlade to c(intaiu l iquid thai 
l l l i t )  be accidendv rele,lsed f lo ln glass appalai l lS Col i ta i l l i l lg 
liiOi-e than 0.25 i, (14.4 oz) of  [ laini i iahle l iquid o1 coinl)us- 
tihle l iquid heated to its tlash point, Suitable si lppleinen- 
l a rv  th-e ext inguishing eqt i ipnlent shall he provided, i f  lle(.- 
cssa f,%,'. 

9-1.2.3 Unattended operations shall be provided with 
o v e r r i d e  con t ro l  and  au to ina t i c  s h u t d o w n  to p reve l l l  svs- 
t{ ' in t { t ih i r i '  that  can resul t  i i l  t i re o r  exp los ion .  

9-1.2.4 Strong ox id iz ing  materials, such as perchlor ic 
acid, shall i lot he, hc'ated by ga~ t-tallieS of oil baths. 

9-1.3 Distillation Operations. 

9-1.3.1 Distil lations shall tie conducted in suitahle equip- 
l ] lent propel-ly assembled with consideration be ing  given to 
th'e hazaids f i on i  vent gases and possihle eqt i ip lnen i  
t)reakage of  t~lihire. Care shall be l:-ikell tO avoid tile pi'es- 
cute of  tuistahle compoilcnts in tile still pot (e.<l.{., per<ix- 
ides) and to avoid overheating still contents.  

9-1.3.2 (,lass equipment used tbr dist i l lat ions shall he 
inspected tor c r a c k s ,  s c r a t ( t l e s ,  and other detects prior to 
each use. Fauhv glass e<luipnient shall be discarded or 
repaired. 

9-1.4" Other Separation Operations. Filtrations, e x t l a c -  
lions, sublilnations, adsorptions, ewlporations, centrituging 
operations, and other separation techniques that involve 
f lammable or colnbust ible materials shall tie protected 
ti-oin igni t ion sl)luces and shall tie provided with suitahle 
venti lation. 

9-1.5 Mixing and Grinding Operations. Mixing, grind- 
ing, st irr i l ig, and agitating operations involv ing tlarnm:thle 
al ld conlhustible niaterials silall require the sanle plCC:ltl- 
tiOllS against h le  its set t~uth in 9-1.4. I>recautions shall t)e 
taken to avoid local overt ieating du i i ng  g i i nd ing  and mix- 
ing of  solids. Care shall be taken to awlid tire or explosion 
hazaids tronl f lainnlable or comhuslible maleiials. 

9-1.6 Other Operations. 

9-1.6.1 () t t ler lahoratory operations, such as reactions at 
te lnpel-a t tues  alld pressures either above or helow ambient 
conditions, shall he conducled in a manner  thai niininiizes 
hazards. Shielding shall be used whenever there is ,l rea- 
sonable probability of explosion or vigorous chemical reac- 
tion, and associated hazards, dur ing  charging, sampling, 
venting, and discharge of pl'oducls. (See Chapter 5 a;td 
9-2.6.3.) 

9-1.6.2 (;lass equipment operated under  either vacuum 
or pressure shall tie shielded or wrapped with suitable tape 
dur ing use. 

9-1.6.3" Quantities of reactants shall tie linlited and pro- 
c c d u F e s  developed to C(Hitl'()l OI- i so la te  vigol ' ( )us  o1" e x o -  
thermic reactions. 

9-1.6.4 Flammat~le or comhustihle vapors evolved during 
drying operations shall be condensed, trapped, or vented 
to avoid ignition. 
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9-1.6.5 Spraying of flammable or combustible paint and 
varnishes shall comply with the requirements of NFPA 33, 
Standard./br Spray Application Using Flammable and Combusti- 
ble Materials. 

9-1.6.6 Flammable liquids stored in refrigerated equip- 
ment shall be in closed containers. (See 9-2.2.) 

9-2 Apparatus. 

9-2.1 General. 

9-2.1.1 Apparatus shall be installed in compliance with 
applicable requi rements  of NFPA standards including 
N FPA 70, National Electrical (;ode. 

9-2.1.2 Operating controls shall be accessible under  nor- 
real and emergency conditions. 

9-2.2 Refrigeration and Cooling Equipment. 

9-2.2.1 Each reti-igerator, freezer, or cooler shall be 
prominently labeled to indicate whether it is or is not suit- 
able for storing flammable liquids. 

9-2.2.2" Refiigerators, freezers, and other cooling equip- 
ment used to store or cool flammable liquids shall be 
designed or moditied as ti)llows: 

(a) Any electrical equipment  located within the outer 
shell, within the storage compartment,  on the door, or on 
the door t iame shall meet the requirements for ('lass I, 
Division 1 locations, as described in Article 501 of N FPA 70, 
Natmnal Electrical ('ode. 

(b) Electrical equipment  mounted on the outside of the 
storage compartment shall be either: 

1. Suitable fin Class l, Division 2 locations, or 
2. Installed above the storage compartment,  or 
3. Installed on the outside surfiace of the equipment  

where exposure to hazardous concentrations of vapors will 
be minimal. 

9-2.2.3 Retiigerators, fi-eezers, and cooling equipment  
h)cated in a laboratory work area designated as a Class 1 
location, as specified in tile Exception to 3-6.2, shall be 
approved ti)r Class I, Division 1 or 2 locations and shall be 
installed in accordance with Article 501 of NFPA 70, 
National Electrical Code. 

9-2.3 Heating Equipment. 

9-2.3.1 All unat tended electrical heating equipment  shall 
be equipped with a manual reset over-temperature shutoff 
switch, in addition to normal temperature controls, if over- 
heating could resuh in a fire or explosion. 

9-2.3.2 Heating equipment  with circulation fans shall be 
equipped with an interh/ck arranged to disconnect current  
t o  the heating elements if tile fan fails. 

9-2 .3 .3  B u r n e r s ,  induction heaters, ovens, furnaces, and 
other heat-producing equipment shall be located a sati~ dis- 
tance t iom areas where temperature-sensitive and flamma- 
ble materials and compressed gases are handled. 

9-2.3.4 Oven and t innace installations shall comply witb 
N FPA 86, Standard.[br ()vegas and Furnaces. 

9°2.3.5* Laboratory heating equipment  such as ovens, 
furnaces, env i ronmen ta l  chambers,  and other  heated 
enclosures shall not be used to heat, store, or test flamma- 
ble or combustible liquids or aerosols containing flammable 
gases unless the equipment is designed or modified to pre- 
vent internal explosion. 

9-2.4 Heated Constant Temperature Baths. 

9-2.4.1 Electrically heated constant temperature  baths 
shall be equipped with over-temperature shutoff switches 
in addition to normal temperature controls, if" overheating 
could result in a fire or an explosion. 

9-2.4.2 Bath containers shall be of noncombustible materials. 

9-2.4.3 Baths handling flammable liquids or combustible liq- 
uids heated to their flash points shall be placed in a laboratory 
hood or shall be vented to a safe location to control vapors. 

9-2.5 Motor-Driven Apparatus. Electric motors used to 
drive stirrers in open containers of flammable liquids or 
combustible liquids heated above their flash points shall be 
suitable for use in Class 1, Division 2 locations, as defined 
in Article 500-2 of NFPA 70, Natmnal Electrical Code. 

9-2.6 Pressure Equipment. 

9-2.6.1" Pressure vessels requi re  specialized design 
beyond the scope of normal workshop practice. Equipment 
used at pressures above 15 psig (103.4 kPa gauge) shall be 
designed and constructed by qualified individuals for use 
at the expected temperature,  pressure, and other operat- 
ing conditions affecting safety. 

9-2.6.2 Pressure equipment shall be fitted with a suitable 
pressure relief device, such as a rupture disc or a relief valve. 
The pressure relief device shall be vented to a safe location. 

9-2.6.3 Equipment operated at pressures above 15 psig 
(103.4 kPa gauge), such as autoclaves, steam sterilizers, 
reactors, and calorimeters, shall be operated and main- 
tained according to manufacturers'  instructions, the design 
limitations of the equipment, and applicable codes and reg- 
ulations. Such equipment  shall be inspected on a regular 
basis. Any significant change in the condition of the equip- 
ment, such as corrosion, cracks, distortion, scale formation, 
or general chemical attack, or any weakening of the clo- 
sure, or any inability of the equipment  to maintain pres- 
sure, shall be documented .  This e qu i pme n t  shall be 
removed from service immedia te ly  and  shall not be 
returned to service until approved by a qualified person. 

9-2.6.4 Any pressure equipment that has been found to be 
degraded shall be derated or dkw..arded, whichever is appropriate. 

9-2.7 Analytical Instruments. 

9-2.7.1 Analytical instruments, such as infrared, ultravio- 
let, atomic absorption, X-ray, mass spectrometers, chro- 
matographs, and thermal analyzers, shall be installed in 
accordance with the manufacturers'  instructions and appli- 
cable standards and codes. 

9-2.7.2 Analytical instruments shall be operated in accor- 
dance with manufacturers'  instructions or approved rec- 
ommended operating procedures. Hazards to personnel 
fi-om high voltage, vapors or fumes, radiation, flames, 
flashbacks, and explosions shall be minimized. 
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Chapter  10 H a z a r d  I d e n t i f i c a t i o n  

10-1" Identification of  Entrances. E n t i a n r c s  t(> ]al)ora- 
t ( ) l ) '  t lnils,  ]a l ) ( ) la lorv work  ill'ells, storage aica~;, i l t id asso- 
ciated la<i l i i ics shall I)c i dcn t i l i cd  I))' signs to war i l  ClllCl +- 
~ClICy i-V,~l)onsc t)crsonncl  o f  t l l l t lSlla] o f  scvcfc haxar<ls 
l i ia l  a f t  i i(l l d i r cc l l v  rc la lcd  I() the thc  h a / a i d  <>f<<>nlcnls. 
T l l c  ] l , izards shall i)c con l i nun ica l cd  i l l  the plans h i t  fh'c 
l igh t ing .  (See 4-6.7.1.) 

10-2" Exhaust Systems. l+;xhlmnt system>+ used thr the 
vt'm(>val ()I + haz:tr<hms mater ia ls  sh,tll l)c al)pr<)l)ri,ticly 
><lent>lied t() warn t)crs(mtwl of the F, ossil>lc hazitr(ls. 

10-3 Labeling of  Containers. 

10-3.1 ( ;oi l lcl l t  idcmil i<at ion,  inc lud ing  i . c ,~au l immry  
inii>rmafi(m, sh,dl I;,c pr()vidcd ( l i rc(t lv. (,n ,ill original  and 
sut)sC(lm'nt col l la i l lcfs  ()f hazar(h>|ls (hcmica ls ,  cx~.c|)t 
those l>cing used in <mg()ing cxlwrimc| l ln .  St(>ragc <ald- 
IR'Is, S[()l'i |~(" spa(c, <>r ()thor acccssil)Ic h>cati(ms shall ,tls() 
I)c al)lirolirialcly n l inkcd .  

10-3.2 ( ;on ta incrs  of  malcr ia ls  Ihat I>c<omc h a / a r d o u s  
Ul)(m pv(>hmgc(l smragc  shall l it ' <tatcd when tirst ()t)cncd 
tu lilcilihllc haz;u-d ~nnlvol. (Sa, 7-2.7, $ <rod ,,I-7-2.7. ~.) 

Chapter  11 R e f e r e n c e d  P u b l i c a t i o n s  

11-1 Thc lhllowing do¢umcnls m portions lhcvcof arc 
vcli:vcmcd widfin this sllmdiud and shall l)c <onsi<h'rcd 
l),ul o[ lhc rcquircmcnls of lhis <hH:mncnl. The cdilion 
in<lic,m,d li>r cash vclcrcncc is lhc <mrcn! c<lition as ~dlhc 
(law of  thc N I'T,,\ issuam c o[ this (h,<mncnt.  

11-1.1 NFPA Publ icat ions .  Nal inna l  Firc I 'roic<ti<m 
,'\SSOCialioil, I I];lllt'llyllli|]'(']l Park, P.(). Box 91()1, Quinc>. 
MA ()22(~9-9 I ( ) l .  

NFI'A 1(), ,Slm~d:ml i t .  Ibrlahl. I"m' I ' . 'xh.gmd.'~, 19(.)0 
c(lition 

N FI'A I1, Sl<m<lmd I t ,  I/m, l"x/,nmrm I"ocm <n~<l (:o,~hn+e<l 
,'l,krnt/ 3+y:,/,nn',, 1{)88 cdhic)n 

NFI 'A I1A, Shn.lm<l /o~ A'h'dnm- :+rot Ih~'h-I'/x/.+m.,. 
P ' o < F . t  S'V.',h'm,',, 1988 edit i(:,n 

NFI'A 12, Nl<+ml<ml r.t ('<u'hon ID.xt<h' I'h:lnt/~ttv, lm#~ 5~'~, - 

/r.+.~, I !t~!) edit ion 

NFI 'A 12:k. Shm<l<n(I .n  I l a / . .  I~#1 I"m' I".x/t.,~.tdm~ 

N H ' A  12B. Sh+n<l<ml o~+ II¢do. 1211 I"m' Irxh.t;m~hi~t~ 
,~'~,~l('tn~, 1!)90 c(lilicm 

NFI ' : \  13, SIm+<lm<l i t .  Ihr' hr, lal/<thon o/ S/nmk/¢~ Nv'@m',, 
1!)91 c(liti.n 

NFI'A 14, Sl<+~/d<ml /or ll; h+.~l<U/<+/t(m o/ .~'lcm<tp@' ~md 
ttow' S~qenr,, 1990 edit ion 

N FI'A 15+ Sla~<lm<l /or l.l"dh,r Spr< O, I')xed S~,,.~h,m~ /o~ Fro" 
/boh,~h0~, 1990 edit ion 

N Fib\ 17, Sla~td<nd/or l)n' CtmtHc<d I';xli~(~t+i.dmqC~ S~,dem.~, 
19!)0 c<litinn 

NI:I'A 17:\. Sl<md<ml /or Wet CIw.m<d lqxhngm'Jmtg .%,.s- 
/e~#.~, 1990 c<litinn 

N FPA 30. I:l<u'tm<zhl. a'~<l Crmtbm, hhl.,' I++qtml', Cod< 1 ':.)90 
c<liti<m 

N I'TA 33, Sla'dd,,nd/or 5pr,,~y .'tpplimho,w I :.',rag I"l,-,~,'m,..,hle 
a.<l Co~t~hu.dihh" MalmalL~. 1989 edil ion 

N I:I'A 5(), Sl,,Imla)d /or Bulk ().x)'get~ Sw, l,,')m, g (',(m.wom'r 
,'g/e.s, 1990 cdil ion 

N FI':\ 5(),'\, Shmcltml i i .  (.;aw'o#t~ Ity<lmg¢~t Sx'~l~'~t~.~ al Cmt- 
wmr'r >;th'~, 1989 edit ion 

N I'TA 5()B, .Sl<nt<l<nd/or I.tqm'/ted Ily<h.g¢~t .~,dr.~ at (:+m- 
wmr~ .";m'~. 19~9 c(lifion 

NFPA 51, 5hntdard /or lhe lh,~ig~ mt<t hi~lalhil .m o/ 
O.x)'~n~-l:,d (;a~ 5¥m.m.~ p ,  ll."ddm~n (.'lHh#l~" a#Id.llh+'d l 'm- 
cexw'~. 19~47 cd i t io i l  

NFI'A 5-t, Nahomd I:.<'1 (;.~ C<,d<'. 19S8 cd i t i . n  

N H 'A  5H, .~'lrnldrn'd [or the ,~1or¢4~¢ mid I tamt/mg o/ I.iqm'- 
[.'rl I'Hro/,'tm Crm'.~, 19~9 cdl thm 

NFI'A 6!1, Slemd*ml o~t E~;pl..wott Ibevc~tlio~l S'~,dem.~, 1986 
cditi.n 

N FI'A 7(), Naho.al  I';h,(tr/ml (~.d< 1990 edlt inn 

N I:I'.'\ 71, ,$'hm*lmd ior lie(' ht#allahott, Al<mth'mnm,, mt,l 
I:w, o/ .S(.k,ml/m,q-.S)'.qem~ ira G'nha/ 51ahon No/rite. 19;"19 cdi- 
lion 

N I'TA 72, 5lamlzml /m /he In.q<d/ahon, Alamh'mm¢c. mid 
1% . / I b  oh",'hv,; ~(~tm/m,q .h~',.,h,m.,, 19!)0 c<tition 

N I:I'A 721(, .S')amt:m/:,tl . ' t . lo.mhc I:m' Dch'( h .  ~, 1990 cdi- 
lion 

N I'T.\ ,'46, ,'~'l<tmla~,l pu O',,+',w', *I~td I"tmtm,",, 1990 edit ion 

N I:I'A 90:\, Sl<m*lmd/or the Iml<Ulahml 0/.-tn (:ombhom~(t; 
mid l 'e.hlahnq 5~;dem~, I~.)~!) edi t ion 

N I"I'A 91, .~l,nl<hml /o~ the htdallaholt o~ lflmec~ <tml 
1'shauq .~;'qe~n.~ pn  l)uq, Sh~c],'. zmd 1 '<t[mr I{emm,<t] m Cmtv(,~,- 
nt~ 1990 edition 

N I:PA !)9, .%,md<ml/or Ih,allh ('.,m' I"dcdth,.,,. 199() c(titi()n 

NI'TA I#1. I+t/4' ,%a/ety (;0d< 1991 edit ion 
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NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Budding Materials, 1990 edition 

NFPA 495, Explosive Materials Code, 1990 edition 

NFPA 704, Standard System for the Identification of the Fire I 
Hazards of Materials, 1990 edition I 

NFPA 1962, Standard for the Care, Use, and Maintenance of 
Fire Hose Including Connection~ and Nozzles, 1988 edition 

11-1.2 ASTM Publication. American Society for Testing 
and Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM D 5-1986, Standard Test Method for Penetration of 
Bituminous Materials 

11-1.3 Other Publication.  

C~ogenic Fluids in the Laborato~, NSC Data Sheet 1-688- 
80, Chicago, National Safety Council, 1980 

A p p e n d i x  A 

This Appendix is not a part of the requirements of thzs NFPA docu- 
ment, but ts included ]br informatmn purposes only. 

A-I-I.2 Exception No. 2. For additional information on 
handling radioactive materials, see NFPA 801, Recom- 
mended hre Protection Practice for Facilities Handling Radioac- 
tive Materials. 

A-I-4 Flash Point. The following is taken from NFPA 30, 
Flammable and Combustible Liquids Code: 

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

(a) The flash point of a liquid having a viscosity less than 
45 SUS at 100°F (37.8°C) and a flash point below 200°F 
(93°C) shall be determined in accordance with ASTM D 56, 
Standard Test Method for Flash Point by the Tag Closed 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 of 200°F 
(93°C) or higher shall be determined in accordance with 
ASTM D 93, Standard Test Method for Flash Point bv the 
Pensk~-Martens Closed Tester. 

(c) As an alternate, ASTM D 3278, Standard Test Methods 
for Flash Point of Liquids by Setaflash Closed-Cup Apparatus, 
may be used fi)r paints, enamels, lacquers, varnishes, and 

related products and their components having flash points 
between 32°F ((1°C) and 230°F (110°C) and having a viscos- 
ity lower than 150 stokes at 77°F (25°C). 

(d) As an alternate, ASTM D 3828, Standard Test Methods 
for Flash Point by Setaflash Clo.~ed Tester, may be used for 
materials other than those for which specific Setaflash 
Methods exist. 

A-I-4 Hazardous Chemical .  For hazard ratings of many 
chemicals, see NFPA 49, Hazardou.s Chemicals Data, and 
NFPA 325M, Fire Hazard Properties of Flammable Liquids, 
Gases, and Volatile Solids. 

A-I-4 M a x i m u m  Al lowable  Working Pressure.  For a 
more complete definition, see Section V I 11 of the Boiler and 
Pre.ssure Vessel Code of the American Society of Mechanical 
Engineers. 

A-l-4 Storage Cabinet. Some local jurisdictions require 
bot tom-vent ing  of f lammable liquids storage cabinets. 
While this is not required by NFPA 30, Flammable and Com- 
bustible Liquids Code, some manufacturers provide plugged 
vent connections to accommodate these local jurisdictions. 

A-3-1 The types of construction in Table 3-1 are defined 
in NFPA 220, Standard on 7~vpes of Building Construchon, and 
are reprinted in Appendix B-3 of this standard. Also, fi)r a 
discussion of fire-resistive construction and fire endurance 
of building materials and construction assemblies, see the 
NFPA Fire Protection Handbook. For infi)rmation on the fire 
protection ratings, installation, and maintenance of fire 
doors, see NFPA 80, Standard for Fire Doors and Windows. 

A-3-3 Means-of-egress requirements for noninstructional 
laboratory occupancies may be found in Chapter  28, 
"Industrial Occupancies," of NFPA 101, Life Sqfetv Code. 

Means-of-egress requirements for instructional labora- 
tory occupancies for Grades 12 and below may be fi)und in 
Chapters 10 and 11, "Educational Occupancies," of NFPA 
101, Life Safety Code. 

Means-of-egress requirements for instructional labora- 
tory occupancies for above Grade 12 may be found in 
Chapters 26 and 27, "Business Occupancies," of NFPA 
101, Life Safety Code. 

A-3-4.1 A door to an adjoining laboratory work area or 
laboratory unit  is considered to be a second means of 
access to an exit, provided that the laboratory unit is not of 
a higher fire hazard classification. 

A-3-4.3 It should be noted that while sliding doors may 
be permitted in certain Class C laboratory work areas, 
NFPA 101 and building codes place limitations on use 
based on number  of occupants and area. Betore sliding 
doors are used, both NFPA 101 and applicable local build- 
ing codes should be reviewed for requirements and limita- 
tions. 

A-3-5 Modern laboratory design concepts provide a wide 
selection of laboratory furniture and equipment.  While 
such selections will be dictated by several factors, such as 
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laboratory function, cost, serviceability, accessibility, repair, 
etc., any l a b o r a t o r y  des ign  s h o u l d  r ecogn i z e  a nd  
accommoda te - - t o  the extent  pract ica l - -severa l  needs 
directly related to improving the firesafety posture of the 
laboratory work area. 

Casework design should be flexible to provide opt imum 
use of storage capacity without interfering with the normal 
needs of the laboratory. This may include desk areas that 
do not encourage underdesk storage, restraining tech- 
niques for items stored above eye level, ease of egress, pro- 
vision fi)r adequate separation of incompatible chemicals or 
materials, provisions for ventilated or corrosion-resistant 
storage, or properly identified special facilities for unique 
waste storage needs, such as chemical, biological, or radio- 
active materials. 

Easy access to laboratory utilities, such as piping, valves, 
and electrical switches and circuit breaker panels, should 
be provided. All valves and switches should be properly 
identified in accordance with the governing codes and 
standards. 

Slip-resistant floor surfaces should be considered. 

A-4-2.1 The automatic fire extinguishing system should 
be an automatic sprinkler system. If extinguishment or 
control may be more effectively accomplished by a non- 
water automatic fire extinguishing system, it may be advis- 
aisle to install such a system instead of automatic sprinklers. 

A-4-2.3 It is suggested that automatic fire extinguishing 
systems activate both a local audible alarm and an audible 
or visible alarm at a constantly attended location. 

A-4-3.1 All laboratory buildings should be provided with 
standpipes and lt/_,-in. (38 ram) hose connections fi)r use 
by occupants. Hose connections should be fitted with hose 
lines and combination straight stream-fog nozzles. Water- 
flow through the standpipe system should activate an audi- 
ble fire alarm system on the premises. 

I A-4-3.2 For additional infi)rmation, see NFPA 14A, Rec- 
ommended Practice ]br the Inspection, Testing and Maintenance 
of Standpipe and Hose Sy,~tem,~. 

A-4-6.2 Successfhl prevention or extinguishment of fires 
and protection of personnel fiom injury due to fire or con- 
tingent conditions require an adequate maintenance pro- 
gram. 

A-4-6.3.1 Unusua l  nonf i re  hazards  that emergency  
response personnel may encounter  in responding to a fire 
in a chemical laboratory may include: 

(aS Poisons 
(b) Corrosives 
(c) hr i tants  

(d) Radioactivity 
(e) Non-ionizing radiation 
(IS Biological hazards. 

Labora tory  m a n a g e m e n t  should  t ra in  e m e r g e n c y  
response personnel in detailed emergency response plans 
that address these special hazards. 

Laboratory managemen t  should also encourage the 
public fire depar tment  to become familiar with these haz- 
ards through in-service inspections, joint emergency plan 
development, and coordinated emergency response drills. 

Emergency telephones are of value when connected 
directly to an emergency office and when located within 
the laboratory building so that thev can be readily used by 
laboratory personnel. They are also valuable when avail- 
able at an exterior location tor use hv evacuees or passers- 
by. An emergency telephone system should be intercon- 
nected with a mass notification system, such as a public 
address system. 

The management  of each laboratory work area covered 
by this standard should be responsible for developing and 
distributing an evacuation plan for the facility. The plan 
should be written with accompanying diagrams and dis- 
tributed to each supervisor and posted in appropriate loca- 
tions for all employees to read and study., In addition to 
fires and explosions, the evacuation plan should also con- 
sider hazardous incidents such as spills, leaks, or releases of 
flammable, toxic, or radioactive materials, and acts of 
nature such as tornadoes, hurricanes, and floods. The 
evacuation plan should include, but not be limited to: 

(aS Conditions under  which evacuation will be neces- 
sal T . 

(b) Method of alarm transmission. 

(c) Action to be taken by personnel upon receiving an 
alarm in addition to evacuation (e.g., turn off flames and 
other ignition sources). 

(d) Primary and secondary routes to horizontal and ver- 
tical exits leading either to the exterior of the building or 
to safe refuge zones within the building as may be permit- 
ted if total evacuation is not necessary and the alarm sys- 
tem is appropriately zoned. 

(e) Instruct ions necessary to prevent  evacuees from 
hampering fire fighting operations or essential duties of 
emergency personnel (i.e., move away from the building to 
a predesignated area). 

(f) Accountability to determine if everyone has left the 
facility. (Wardens or supervisors should be instructed to 
check all occupied spaces in their assigned area upon 
sounding of an alarm to ensure that everyone has heard 
the alarm and is evacuating. Personnel from particular 
groups, departments,  floors, or areas should be instructed 
to gather in a predesignated area outside the building or in 
a safe refuge zone. Special procedures may have to be 
established fin evacuation of handicapped persons. War- 
dens or supervisors should be responsible for accounting 
for all personnel in their areas, including guests and visi- 
tors.) 

(g) Methods of notifying personnel when it is safe to 
reenter the facility. (Dependence on duly authorized per- 
sons, such as wardens, to pass this word will prevent some- 
one from entering the facility prentaturely.) 

Laboratory management  should conduct fire exit drills 
at least once a year to test the evacuation procedures bv 
familiarizing personnel with exits, especially emergency 
exits not normally used, and their safe and efficient use. 
For required frequency of fire exit drills in educational 
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occupancies, see NFPA 101, Life Safety Code. (Fire exit drills 
differ from fire drills in that the latter are held for pur- 
poses of fire fighting practice by the fire brigade or other 
emergency organizations. Since a conflict exists between 
evacuation and fire fighting, management  should appoint 
different persons to be responsible for each procedure, as 
one cannot effectively direct fire fighting operations and 
evacuation simultaneously.) 

Fire alarm systems, where available, should be used in 
the conduct of fire exit drills. No one should be excused 
from participating in a fire exit drill. 

A-4-6.3.2 Laboratory personnel  should be thoroughly 
indoctrinated ill procedures to follow in cases of clothing 
fires. The most important instruction, one that should be 
stressed until it becomes second nature to all personnel, is 
to immediately drop to the floor and roll. All personnel 
should recognize that, in case of ignition of another per- 
son's clothing, they should immediately knock that person 
to the floor and roll that person around to smother the 
flames. Too often a person will panic if clothing ignites and 
will run,  resulting in more severe, often fatal, burn  injuries. 

Fire retardant or flame-resistant clothing is one option 
available to help reduce the occurrence of clothing fires. 
Refer to NFPA 1975, Standard on Statmn/Work Uniforms for 
Ftre Fighters, tbr pertormance requirements and test meth- 
ods tor fire-resistant clothing. 

It should be emphasized that safety showers, fire blan- 
kets, or fire extinguishers are of secondary importance. 
They should be used only when immediately at hand. It 
should be recognized that rolling on the floor not only 
smothers the fire but also helps to keep flames out of the 
victim's t~.ce and reduces inhalation of smoke. 

A-5-3(b) For tiarther information on venting, see NFPA 
68, Guide for Venting of Deflagrations. 

A-5-5.2 A protective coating, such as mineral oil, may be 
applied to transparent sight panels exposed to corrosive 
vapors. 

A-6-2.2 Hoods having "explosionproo£' electrical devices 
are sometimes referred to as "explosionproof hoods." This 
does not imply that they will contain an explosion; only 
that the electrical equipment  will not provide a source of 
ignition. 

A-6-3 Descriptions of Types of Laboratory Hoods. 

Conventional Hood. A square post hood without an 
airfoil directional vane across the bottom of the hood face, 
in most cases without provision for a bypass. As the sash is 
lowered in hoods without an air bypass, the face velocity 
increases rapidly. The square post design and absence of a 
deflector vane may create turbulence at the hood face. 

Many conventional hoods, because of their design, may 
create turbulence at the hood face, which may bring fumes 
from the hood interior out to the hood face, where they 
are easily drawn out into the room by the air turbulence 
caused by a person working at the hood, persons passing 
the hood, or minor room cross drafts. If hoods are not 

equipped with a by-pass, face velocities may become objec- 
tionably high as the sash is closed and, with sash completely 
closed, airflow may be insufficient to carry vapors away. 

Bypass Air Hood. A hood having a bypass, protected 
by a grille, that serves to maintain a relatively constant vol- 
ume of airflow regardless of sash position. Current  design 
recommends a streamlined entry profile with a deflector 
vane across the bottom of the hood to direct the airflow 
across the work surface. 

Auxiliary Air Hood. Same as bypass air hood with the 
addition of an auxiliary air bonnet  to provide a direct 
source of makeup air in addition to the makeup air from 
the laboratory work area. Auxiliary air hoods are used to 
improve the airflow characteristics and to save conditioned 
air. 

Special Purpose Hoods: 
(a) Radioisotope Hoods. Designed primarily for use 

with radiochemicals; 

(b) Perchloric Acid Hoods. Designed primarily for 
use with perchloric acid; and 

(c) Walk-in Hoods. Designed primari ly for extra 
headroom to accommodate tall equipment. 

A-6-4.2 The overall building pressure should be positive 
to the outside atmosphere to prevent infiltration of uncon- 
ditioned air into the building. This also ensures a positive 
flow of air through hoods and their ducts in event of 
exhaust fan failure. If a positive pressure cannot be main- 
tained, the exhaust fans should be run continuously. Air 
conservation can be obtained by the use of multispeed fans 
that can be operated at low speed when the hood is not in 
use or by two-position dampers that reduce the airflow. 
Gravity-operated dampers can become inoperative due to 
corrosion and should not be used. Positive shutoff power- 
operated dampers are subject to malfunction and also are 
not recommended. If used, they should be of a type that 
will fail open if malfunction does occur (see 6-11.3). 

Where conditions of use allow the recirculation of room 
air, provisions should be made to change immediately 
from recirculation to full exhaust in the event of a spill or 
release of dangerous quantities of toxic or flammable mate- 
rials. 

A-6-5.1 Ductless laboratory hoods that pass air from the 
hood interior through an absorption filter and then dis- 
charge the air into the laboratory are only suitable for use 
with nuisance vapors and dusts that do not present a fire 
or toxicity hazard. 

A-6-5.4 Ducts should be sealed to prevent condensation, 
etc., from leaking into occupied areas. 

A-6-6.1 The exceptions cited are to recognize that some 
laboratory operations generate corrosive vapors that may 
attack available noncombustible duct material. Only when 
it has been ascertained that noncombustible ducts will not 
withstand such an attack by the chemicals to be exhausted 
should combustible ducts be used. 

I A-6-8.4 For further information, see Air Movement and 
Control Association Standard 99-0401-86 for informative 
material regarding spark-resistant fan construction. 
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A-6-8 .6  Exhaust tans should be tested to ensure they do 
not rotate backward in new installations or after repair on 
n l o t o r s .  

A-6-8 .7  Exhaust stacks should extend at least 7 fi (2 .14 m) 
above the roof to protect personnel on the roof. Exhaust 
stacks ntav, need to be much higher to dissipate effluent 
effectively, and studies may be necessary to determine ade- 
quate design. 

Related intorntation on stack height can be found in the 
..\SHRAE l landhook, b'u~tdamr~Hal~ l'olume, Chapter 14, 
"Airthm Around Buildings." 

A-6-9.1.2 Baffles normally should be adjusted f , r  the best 
operating position tot general use. Onh'. where high heat 
Io~l(ts ()Z" tile rot, tree use of large quantities of light or heavv 
gases occur shouht compensating adjustment be made. In 
in(is| CaSCS, h o w e v e r ,  tile low concentrations of "heavier- 
than-air" and "lighter-than-air" vapors take on the charac- 
teristics of the large volumes of air going through the 
hood. It is recommended that the total adjustment not 
exceed 20 percent of the total airflow. 

A-6-9.1.3 The means of containing minor spills may con- 
sist o f  a IA-in. (6.4-ram) recess in the work surface, use of 
pans or trays, or creation of a recess by installing a curb 
across the front of the hood and sealing the joints between 
the work surt`ace and the sides, back, and curb of the hood. 

A-6-9.2 A hood sash greatly enhances the safety provided 
by a laboratory hood, and it is recommended that the hood 
design incorporate this feature. For example, a hood sash 
can be ,Miusted to increase the lace velocity when working 
on high hazard material; the sash can be used as a safety 
shield; it can be closed to contain a fire or runaway reac- 
lion; it can be closed to contain experiments when the 
hood is left unattended.  

Hoods without sashes or hoods with a side or rear sash 
in addition to a t iont  sash do not offer the same degree of 
protection as do hoods with protected single face openings 
and, thus, their use is not recommended.  A small i`ace 
opening mav be desirable to save exhaust air and energy 
or to increase the maxinmnl  face velocity on existing 
hoods. 

A-6-9 .4 .1  l.ocating services and controls external to the 
hood minimizes the potential hazards of corrosion and arc- 
ing. 

A-6-10.1 Aperson  walking past the hood m a v c r e a t e s u f  
licient turbulence to disrupt a face velocity of 100 fpm 
(30.5 m/rain). In addition, open windows or air impinge- 
ment itore an air difluser may completely negate or dra- 
maticalh reduce the face velocity and can also affect nega- 
tive differential air pressure. 

A-6-11 .3  E x c e p t i o n  W h e r e  a gaseous fire extinguishing 
system is used, the protected hood may be provided with 
an independent  duct system and a fan that is interlocked to 
shut down on actuation of the extinguishing system; or, the 
protected hood may be isolated by a damper actuated bv 
the extinguishing system. 

A-6-12.1 If perchloric acid is heated above ambient tem- 
perature, it will give otf vapors that can condense and tornt 
explosive perchlorates. Limited quantities of perchloric 
acid vapor can be kept from condensing in laboratory 
exhaust systems by trapping or scrubbing the vapors at the 
point of origin. Scrubbing systems have heen described in 
published articles. 

A-6-12.2 A simple and sensitive test for perchh,rates is 
I available that uses a 0.4 percent solution of methylene blue 

in water. A flew drops of the test solution in a small quan- 
tity [about 2.'5 ml (8.4 oz)] of water washed from the dnct to 
be tested will produce a violet precipitate if perchlorates 
a r e  p r e s e n t .  

An effective method tot washing down ductwork sus- 
pected of percblorate contaminat ion has been recom- 
mended by Stecre in the Handbook of l~qhorah) U SaJ}'t)'. The 
method uses steaming of the ducts [or 24 hr to condense 
water on all surt:aces and dissolve and wash away perchlo- 
rate deposits. If tests atier 24 hr show pcrchloratcs in the 
fnal  wash water, the steaming should t)e continued fi)r 
another 24 hr until the test is negative. 

A-6-12.7 Percbloric acid hoods should he washed down 
after each use. 

A-6-14.1 The operating characteristics of some laboratory, 
hood designs, particularly auxiliary air laboratory hoods, 
change at intermediate positions of sash height. It is there- 
tore important to verily' inward airllow over the l~lce of the 
hood according to 6-14.1(e) at several sash heights t?om 
flfll open to closed. 

A number  of test procedures fin verit}'ing pertormance 
of laboratory hoods that have been installed in the tield 
have been published. 

A test procedure is given in SAMA's (Scientilic Apparatus 
Makers Association) Standard on Lahoratwy Fume Hoods (LF- 
10-1980), which uses a velometer and visible throe fin 
checking hood pertormance. Copies of the standard are 
available from the Scientific Apparatus Makers Association, 
1101 16th Street, N.W.,Wasbington,  DC20036. 

A standard, ASHIL4E 110, has been issued by the Ameri- 
can Society of Heating, Refrigerating and Air Conditioning 
Engineers entitled Method of Testing PerJbrmance at l,ahora- 
tor~ Fume Hoods. Copies of this standard are available from 
Manager  of Standards,  American Society of Heating, 
Refrigerating, and Air Conditioning Engineers, Inc., 1791 
Tullie Circle, N.E., Atlanta, GA 30329. 

The Environnmntal Protection Agency's Standard Spec!fi- 
cation for la, boralor~, Fume Hoods contains a test procedure 
utilizing sulfur hexafluoride as a test gas. This specification 
is available from the Environmental  Protection Agency, 
Washington, DC 20460, Attn: Chiet, Facilities Engi,teering 
& Real Property Branch (PM-215). 

A-6-14.5.1 The  annua l  inspection of air supply and 
exhaust fans, motors, and components should ensure that 
equipment is clean, dry, tight, and tiiction-free. Bearings 
should be properly lubricated on a regular basis, according 
to manufacturers '  reconnnendat ions.  Protective devices 
should be checked to ensure that settings are correct and 
that ratings have been tested under  simulated overload 
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conditions.  Inspections should he made by personnel  
familiar with the m,mut~acturers' instructions and equipped 
with proper instruments, gauges, and tools. 

A-7-1 Betore a hazardous chemical is ordered, controls 
shoukt be established to assure that adequate tacilities and 
procedures are available [br receiving, storing, using, and 
disposing of the material, hflormation sources include: 

NFPA 49, Hazanlous Chemicals Data 

N FPA 325M, Fire Hazard Properties of Hammahle LHuids, 
Ga.~e,~, and Volatile 5"olid~ 

N FPA 491 M, Mtmaal of Ha:,a~dous Chemical Reactmn,s. 

A-7-2.2.1 The lnu/e used to transport hazardous materi- 
als between receiving rooms, storage rooms, dispensing 
rooms, and laboratory units of a facility should he appro- 
priate to hoth the quantity and characteristics of the mate- 
rial being transported. Where possible, heavv or bulky 
quantities of hazardous materials should be tral]sported bv 
elevator, preferably one reserved exclusively ti)r [?eight. Iil 
any event, the transport of hazardous materials in any 
quantity on an elevator should be accomplished by the 
mininmm number  of persons. All other persons shotfld he 
excluded tiom an elevator while hazardous materials are 
presem. Use of stairways fbr transport of small quantities of 
hazardous materials should be inmimized. 

A-7-2.2.2 Some common construction materials are sub- 
,jeer to serious corrosion or tbrmation of explosive con> 
pounds if used tor or contacted hv certain claemicals and 
gases commonly used in the laborau)rv., For example, cop- 
per lul)ing torms explosive compounds if it is used to pipe 
acetylene; azide sahs are not compatible with copper or 
lead piping: mercury amalgamates in lead pipes. 

Thermoplastic pipe used in chemical service, such as m 
laboratory waste drains, will fiequently soften even when 
not directly attacked by chemical solvents. When this hap- 
pens, much of the orighml strength and rigidity of the pipe 
is lost. If installed ahove ground or floor level, such piping 
must be provided with adequate rack support to prevent 
sagging. Burying plastic pipe used tot chemical waste is not 
recolnmended because normal expansion may catlse the 
pipe to collapse if the pipe has been softened by solvent 
attack. 

A-7-2,2,6 Ventilation for translier operations should be 
provided to prevent overexposure of personnel transter- 
ring ttammable liquids. Control of solvent vapors is most 
etfectivc if local exhaust ventilation is provided at or close 
to the point of transt;er. Explosion venting is not required 
tot separate inside storage areas if containers are no 
greater than 61) gal (227 L) and if transfier fiom containers 
larger than 1 gal (3.785 L) is by me,ms of approved pumps 
or other devices drawing through it top opening. 

A-7-2.2.7 Where practicable, transter operations should 
be separated fiom the storage of [lammable and combusti- 
ble liquids because of the exposure of greater quantities to 
the hazards of transfim operations. 

A-7-2.3 Flammable and conlbustihle liquids that are not 
in use should be stored in satetv cans, storage cabinets, or 
inside storage rooms. See NFPA 30, Flammable and Combus- 
hble LHaid,~ Code, tot quantity limitations of storage cabinets 
and inside storage rooms. 

A-7-2.3.2 (:lass IA and 1B flammable liquids in glass con- 
tainers larger than the 1 pt (0.47 L) and 1 qt (0.97 L) sizes 
permitted by Table 7-2 should be kept in suitable contain- 
ers of suflicient size to hold the contents of the glass con- 
tainers. 

The presence of flainmable liquids in glass containers 
presents substantial hazards from accidental breakage. 
Many suppliers furnish glass containers with "shatter- 
resistant coatings." These "shatter-resistant" glass contain- 
ers otfer significant protection fiom accidental breakage 
and are recommended for use when hazardous chemicals 
must he kept in glass rather than plastic or metal containers. 

A-7-2.3.4 For guidance, see NFPA 49, Hazardous ChemicaLs 
Data, and NFPA 491 M, Mamml oJ Hazardous Chemical Reac- 

A-7-2.3.5 There are several chemicals that may increase 
in hazard potential if suhjected to long-term storage. Time 
alone may be only partially responsihle, depending on the 
specific chemical. For example, exposure to air or light 
may cause the formation of highly shock- or friction- 
sensitive peroxides. Some hygroscopic or water-reactive 
compounds, such as metallic sodium, may autoignite on 
exposure to air or moisture. Anolher example is picric 
acid, which becomes highly shock-sensitive when its nor- 
real water content is allowed to evaporate. Reactive mono- 
mers that have been inhibited to reduce the chance of 
unintentional polymerization can beconm unstahle when 
the inhibitor is consumed. 

Such chemicals as described above, which may increase 
in hazard potential over time, are common to chemical 
laboratories and are routinely handled without incident. 
Still, the user should utilize appropriate reDrence material 
to adequately assess the otten multiple hazards associated 
with the use of chemicals. 

A-7-3 Drain lines and traps flom laboratory benches, 
hood work surlhces, mechanical equipment rooms, storage 
rooms, etc., should have water added at regular intervals 
to assure that traps will not be the source of flammable or 
toxic vapor release. Where self-printing traps are provided, 
an annual  inspection lot proper  operat ion should be 
made. Mineral oil or similar liquids are sometimes a d d e d  
to traps to reduce ew~poration of water. 

A-8-1.1 For additional inibrmation see the following: 

CGA Pamphlet P*I, Sa/}" HatMlitl¢ o/ Compressed (;a~e~ in 
Containers 

ANSI B31.1, Power P@ing ( inc lud ing  Addendas  a 
through d) 

ANSI B31.3, Chemical Plant and Petroleum R~!/me U Ptping 

National Sat~'tv Council Data Sheet 1-668-80, Cuownic 
FluMs m the l,aboratorv. 

A-8-1.3 Additional shutoff valves, located in accessible 
locations outside of the areas in which the gases are nsed, 
are acceptahle. 
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A-8-1.5 It is r ecommended  that each intermediate  regu- 
lator and valve also be identified. The  identification should 
contorm to ANSI A13.1, Scheme for the Identification of Pzp- 
ing S~.~tems. 

A-8-1.6 Except ion Great care must be taken when con- 
verting a piping system from one gas to another.  In addi- 
tion to the requirements  of 8-1.6, thorough cleaning to 
remove residues may be essential. For example,  inert oil- 
pumped  nitrogen will leave a combustible organic residue 
that is incompal ib le  with oxygen and o ther  oxidiz ing 
agents. Similar incompatibilities can occur with other mate- 
rials. 

A-8-2.3 Examples of such corrosive or  unstable gases 
include: 

(a) Acid and alkaline gases; 

(b) Gases subject to auto-polymerization; 

(c) Gases subject to explosive decomposition.  

Cylinders of gases should be re turned to the supplier  
whe~l the expirat ion date of the maximum recommended  
retention period has been reached. Cylinders not in active 
use should be removed from laboratory work areas to a 
storage facility, as described in CGA Pamphlet  P-l ,  Safe 
Hundlin E of Compressed Gases in Containers. In the absence of  
a maximum recommended  retent ion time, a 36-month 
interval should be used. 

A-8-3.1.1 Mr may be condensed when it contacts contain- 
ers or p ip ing  con ta in ing  cryogenic  fluids. When  this 
occurs, the concentration of oxygen in the condensed air 
increases, thereby increasing the likelihood of ignition of 
organic material. 

A-9-1.1.1 Suitable reference sources are NFPA 49, Haz- 
ardou,~ Chemicals Data; NFPA 491M, Manual qf Hazardous 
Chemual Reactions; and NFPA 325M, Fire Hazard Properties 
of Flammable Liquids, Cases, and Volatde Solids. 

A-9-1.1.3 When a new chemical is produced,  it should be 
subjected to a hazard analysis as appropr ia te  to the reason- 
ably anticipated hazard characteristics of the material. Such 
tests may include, but are not limited to, differential ther- 
mal analysis, accelerating rate calorimetry,  d rop  weight 
shock sensitivity, autoigni t ion tempera ture ,  flash point,  
thermal stability under  confinement,  heat of combustion, 
and other  appropr ia te  tests. 

A-9-1.4 Protection against  ignit ion sources associated 
with typical laboratory apparatus  may be achieved by dis- 
tance, pressurization of motor or switch housings, or inert- 
ing techniques that may effectively prevent  f lammable 
vapor concentrations from contacting ignition sources. (See 
NFPA 496, Standard /br Purged and Pressurized Enclosures /br 
Electrum Equipment, tbr requirements  for purge systems for 
electrical enclosures, and NFPA 69. Standard on Explosion 
Prevention 3),stems, for requirements  for inerting systems.) 

A-9-1.6.3 Procedures  may include chilling, quenching,  
cutol t  of reactant supply, venting, dumping,  and "short- 
stopping" or inhibiting. 

A-9-2.2.2 The use of domestic refrigerators 1or the stor- 
age of typical laboratory solvents presents a significant haz- 
ard to the laboratory work area. Reti igerator  temperatures  

are almost universally higher than the flash points of the 
flammable liquids most often stored in them. In addit ion to 
vapor  accumula t ion ,  a domest ic  r e f r ige ra to r  contains  
readily available ignition sources, such as thermostats,  light 
switches, and heater  strips, all within or exposed to the 
refrigerated storage compartment .  Fur thermore ,  the com- 
pressor and its circuits are typically located at the bottom of 
the unit, where vapors from flammable liquid spills or 
leaks may easily accumulate. 

Protection against the ignition of flammable vapors in 
refrigerated equipment  is available through three types of 
labora tory  refr igerators :  "explos ionproof ,  . . . .  laboratory-  
safe" (or "explosion-safe"), and modified domestic modeis. 

"Explus ionproof '  refrigeration equipment  is designed to 
protect against ignition of flammable vapors both inside 
and outside the refrigerated storage compartment .  This 
type is in tended and recommended  for environments such 
as pilot plants or laboratory work areas where all electrical 
equipment  is required to meet the requirements  of Article 
501 of NFPA 70, National Electrical Code. 

T h e  d e s i g n  c o n c e p t s  o f  the  " e x p l o s i o n - s a f e "  or  
"laboratory-safe" type of refr igerator  are based on the typ- 
ical laboratory environment.  The  pr imary intent is to elim- 
inate ignition of vapors inside the storage compar tment  by 
sources also within the compartment .  In addition, com- 
mercially available "laboratory-safe" refrigerators incorpo- 
rate such design features as thresholds, self-closing doors, 
friction latches or magnetic door  gaskets, and special mate- 
rials for the inner shell. MI of these features are intended 
to control or limit the damage should an exothermic reac- 
tion occur within the storage compartment .  Finally, the 
compressor  and its circuits and controls are located at the 
top of the unit to further reduce the potential for ignition 
of floor level vapors. In general,  the design features of a 
commercially available "laboratory-safe" refr igerator  are 
such that they provide impor tant  safeguards not easily 
available through modification of domestic models. 

,Mthough not considered opt imum protection, it is pos- 
sible to modify domestic refr igerators  to achieve some 
degree of protection. However, the modification process 
can be applied only to manual defrost refrigerators; the 
self-defrosting models cannot be successfully modified to 
provide even minimum safeguards against vapor ignition. 
The minimum procedures  for modification include: 

(a) Relocation of manual t empera ture  controls to the 
exter ior  of the storage compar tment ,  sealing all points 
where capillary tubing or wiring formerly entered the stor- 
age compartment .  

(b) Removal of light switches and light assemblies and 
sealing of all resulting openings. 

(c) Replacement  of positive mechanical  door  latches 
with magnetic door  gaskets. 

Regardless  of  the approach  used Cexplos ionproof l "  
" l abo ra to ry - sa f e , "  modi f i ed  domest ic ,  or  unmod i f i ed  
domestic), every laboratory refr igerator  should he clearly 
labeled to indicate whether or not it is safe for storage of 
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f l ammable  mater ia ls .  I n t e r n a l  l abo ra to ry  p r o c e d u r e s  
should ensure that laboratory refrigerators are being prop-  
erly used. Figure A-9-2.2.2 gives examples of labels t h a t  
can be used on laboratory refrigerators. 

I 
Do not store flammable solvents I 

in this reti-igerator I 
Label Used for Unmodified Domestic Models 

Notice: This is not an explos ionproof  ret i igerator ,  but 
it has been designed to permit  safie storage of materi- 
als producing  flammable vapors. Containers should 
be well-stoppered or tightly closed. 

Label for Laboratorv-Satie or Modified Domestic Models 

Figure A-9-2.2.2 Labels to be used in laboratory refrigerators. 

A-9-2.3.5 The  requirements  of 9-2.3.5 may be accom- 
plished bv: 

(a) Limiting the temperatures  of internal heated sur- 
faces that may be exposed to the vapors to no more than 
80 percent  of ' the autoignition tempera ture  of the material 
being heated; or 

(b) Providing mechanical exhaust ventilation discharg- 
ing to a safe location to keep the concentration of flamma- 
ble gas or vapor below 25 percent  of the lower flammable 
limit. The  ventilation equipment  must be interlocked with 
the heating system so that heating cannot take place unless 
the ventilation system is operating.  

Also, any electrical equipment  located within the outer  
shell, within the compartment ,  on the door,  or on the door  
frame must be suitable for Class l, Division 1 hazardous 
(classified) locations and any electrical equipment  mounted  
on the outside of the equipment  must be: 

(1) Suitable for (_:lass I, Division 2 hazardous (classified) 
locations; or 

(2) Installed on the outside surthce of the equipment  
where exposure  to vapors will be minimal. 

Considerat ion should also be given to providing defla- 
grat ion venting as descr ibed in NFPA 86, Standard for 
Ovens and Furnaces. 

A-9-2.6.1 For design of pressure vessels, see the ASME 
Boiler and Pressure Vessel Code, Section VIII ,  "Rules for Con- 
struction of Pressure Vessels," Division 1. 

A-10-1 Examples of severe or unusual hazards that may 
require posting of signs include: 

(a) Unstable chemicals 
(b) Radioactive chemicals 
(c) Carcinogens, mutagens, and teratogens 
(d) Pathogens 
(e) High pressure reactions 
(B High powered lasers 
(g) Water  reactive materials 
(h) Cryogens. 

Mso, the names and home telephone numbers of one or 
more persons working in each laboratory work area should 
be posted at the entrance to that work area. Such intorma- 
tion should be kept current.  

It is important  to recognize that an extremely toxic sub- 
stance need not be identified as a proport ionately hazard- 
ous substance. The quantity of the substance, the ease of 
penetrat ion of its container or risk of its release by fire, and 
the probability of harming emergency response personnel  
are the true measures of the hazard level. This s tandard 
does not exclusively endorse any particular convention for 
communicat ing unusual hazards to emergency response 
personnel,  recognizing that professional judgments  need 
to be made on a [acility by facility basis. These judgments  
should recognize several existing conventions. 

Use of the NFPA 704 system, which may be suitable fbr 
f lammable liquid storage cabinets or  those laboratories  
containing a nearly constant chemical inventory, is not rec- 
o m m e n d e d  for mul t ichemica l  l abora to r i es  where  the 
chemicals can change frequently. Such laboratories may 
include any of  the following: analytical, biological (public 
health, genetic engineering,  bacteriological), physical and 
chemical (organic, inorganic, physical, research, crystallo- 
graphic, torensic), pathological, instructional (college and 
high school chemistry and physics laboratories), metallur- 
gical, mineralogical, fine art  restoration and identification, 
and  denta l .  Even where  s torage  within a l abo ra to ry  
involves unusually high amounts of flammable or toxic or 
reactive materials (and hence calls for hazard identifica- 
tion), a lettered sign is generally more easily unders tand-  
able than a numerical designation. Hence the NFPA 704 
system is not recommended for laboratories in general. 

A - 1 0 - 2  T h e  e x h a u s t  s y s t e m  s h o u l d  be l a b e l e d  
"WARNING--Chemica l  Laboratory Exhaust" (or "Labora- 
tory Hood  Exhaus t"  or  o the r  a p p r o p r i a t e  wording) .  
Exhaust system discharge stacks and discharge vents and 
exhaust system fans should be labeled to identif~¢ the labo- 
ratories or work areas being served. 
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A p p e n d i x  B S u p p l e m e n t a r y  D e f i n i t i o n s  

The /,dlowmt.. defimt.mL+ are taken ~tom other NFP,+! dm u..'nt,+ and 
are cr~twal to the underL~ta,d~g +)[ this standard.. ,  and lhu.~ are c(m~l(l- 
ered a part of the requnv'ments of th+,~ docume,t 

B-1 The following definitions are taken t+rom NFPA 30, 
Flammable and  Combu.~tible Liqutd.s Code: 

Flammable Liquid.  A liquid having a flash point below 
IO0°F (37.8°C) and having a vapor pressure not exceeding 
40 psia (2068 nun Hg) at IO0°F (37.,q°C) shall be known as 
a (;lass I liquid. 

Class I liquids shall be st|bdivided as follows: 

Class IA shall include those having flash points below 
73°F (22.8°(:) and having a boiling point below 100°F 
(37.8°(:). 

(:lass IB shall include those having tlash points behm' 
73°F (22.8°C) and having a hoiling point at or above 100°F 
(37.S°(:~. 

(:lass IC shall include those having flash points at of  
above 73%" (22.8°C) and beh)w IO0°F (37.8°C). 

Combustible  Liquid.  A liquid having a flash point at or 
above 100°F (37 8°C). 

(:ombustible liquids shall be subdivided as t<~lh>ws: 

(:lass II liquids shall include those having flash points 
at or above 100°F (37.8°C) and belmv 140°F (60°C). 

Class I l iA liquids shall include those having flash points 
at or above 140°F (60°(:) and below 200°F (93°C). 

Class IIIB liquids shall include those having flash 
points at or  above 200°F (93°C). 

B-2 The following definitions are based on NFPA 704, 
Standard  S>tem f t ."  the ldentt / icahon o f  th; k)re Hazards  r 4' 
Materials: 

B-2.1 Health Hazard. The likelihood <)fa material to 
cause, either directly or indirectly, temporary or perma- 
nent injury or incapacitation due to an acute exposnre by 
contact, inhalation, or ingestion. 

B-2.1.1 Degrees of  Health Hazard. 

4 Materials that, on very short exposure, could 
cause death or major t:esidual injury, including 
those that are too dangerous to be approached 
without specialized protective equipment. This 
degree usually includes: 

Materials that. under  normal condititms or 
under  fire conditions, arc extremely hazardous 
(i.e.. toxic or corrosive) through iMmlation or 
through contact with or absorption by the skin: 

Materials whose LDs. tot acute oral toxicity is 
less than or equal to 5 milligrams pet kilogram 
(mg/kg): 

2 

Materials whose LIt7, . for acute dermal toxicity 
is less than or equal to 40 milligrams pet kiltS- 
gram (mg/kg): 

Dusts and nlists whose LC:. 0 for acute inhala- 
lion toxicity is less than or equal to 0.3 milli- 
grams per liter (rag/1.): 

Any liquid whose saturated vapor concentra- 
tion at 90°C (68°F) is equal to or greater than ten 
times its 1£:5. for acute inhalation toxicity, if its 
L(::,. is less than o r  equal to IOO0 parts per mil- 
lion (ppm): 

(;a~es whose LC-., tor acute inhalatiotl toxicity 
is less than or equ.d to 1000 paris per million 
(ppm). 

Materials that, on short exposure, could cause 
serious temporary or residual inlt.ry, including 
those requiring protection f]'otn all bodily con- 
tact. This degree usually includes: 

Materials that give off highly toxic combustion 
p t ' o d t l c t s :  

Materials whose LD~. t<)1 acute oral toxicity is 
greater than 5 milligrams per kilogram (mg/l~:g), 
but less than or equal to 5{) milligrams pet kilo- 
gram (mgkg); 

Materials whose LD;, u for acute dermal toxicity 
is greater  than 40 mill igrams per kilogram 
(mg/kg), but less than or equal to 200 milligratns 
per kilogram (mg/kg); 

[ ) t ts lS a n d  mists whose I+(:-,. for acute inhala- 
lion toxicity is greater than ().5 milligrams per 
liter (nag/l.). but less than or equal to 2 lnilli- 
grams per liter (rag/L); 

An} liquid whose saturated vapor concentra- 
tion at 20°C (68°F) is equal to or greater than its 
I+C50 for acute inhalation toxicity, if its I.Cc,. is 
less than or equal to 3000 parts per million 
(ppm) and that does not meet the criteria for 
degree of hazard 4: 

Gases whose I£]50 for acute inhalation toxicity 
is greater than 1000 parts pet-million (ppm), but 
less than or equal tel ?,¢)00 p a r t s  per million 
(ppm): 

Materials that either are severely corrosive In 
skin on single, short expnsurc or cause irrevers- 
ible eve damage. 

Matermls that, oil intense o r  short exposure, 
could cause temp()rary incapacitati(m or possible 
residual injury, including those requiring t he  
use ()f respiratory pr()tective equipnmnt that has 
an i t |dependent ;tit SUl)ply. This degree usually 
includes: 

Materials that give t)If toxic ()r highly irritating 
c o m b u s t i o n  p r t t d t | c l s ;  

Materials that, uuder  normal conditi(ms or 
fire c(mditi(ms, give off toxic vap()rs that lack 
warning properties; 

Materials whose LD;,() for acute ()ral toxicity is 
greater than 50 milligrams per kilogram, i)ut 
less than ()r equal t() 500 milligrams per kilo- 
gram (mg/kg): 
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Materials whose LD~0 fi)r acute dermal  toxicity 
is greater  than 200 milligrams per kilogram (mg/ 
kg), but less than or equal to 1000 milligrams 
per kilogram (mg/kg); 

Dusts and mists whose LCs0 for acute inhala- 
tion toxicity is greater  than 2 milligrams per liter 
(rag/L), but less than or equal to 10 milligrams 
per  liter (rag/L), 

An}, liquid whose saturated vapor concentra- 
tion at 20°C (68°F) is equal to or greater  than 
one-fifth (1/5) its LCr, 0 fin acute inhalation toxic- 
ity, if its I.Cs0 is less than or equal to 5000 parts 
per  million (ppm) and that does not meet the 
criteria t in either degree of hazard 3 or degree 
of hazard 4; 

Gases whose I.C50 tor acute inhalation toxicity 
is greater  than 3000 parts per  million (ppm), but 
less than or equal to 5000 parts per  million 
(ppm); 

Materials that cause severe but reversible res- 
piratory, skin, or eve irritation. 

Materials that, on short exposure,  could cause 
irritation but only minor  residual injury, includ- 
ing those requir ing the use of an approved air- 
p u r i f y i n g  r e s p i r a t o r .  Th i s  d e g r e e  u sua l ly  
includes: 

Materials that, under  fire conditions, give off 
irritating comt)ustion products; 

Materials that, under  fire conditions,  cause 
skin irritation, but not destruction of tissue; 

Materials whose LDr, 0 lot acute oral toxicity is 
g r e a t e r  t han  500 mi l l i g r ams  pe r  k i l o g r a m  
(mg/kg), hut less than or equal to 2000 milli- 
grams per kilogram (mg/kg); 

Materials whose LD50 |br acute dermal  toxicity 
is greater  than 1000 milligrams per  kilogram 
(mg/kg), but less than or equal to 2000 milli- 
grams pe t  kilogram (mg/kg); 

I)usts and mists whose LCs0 |br  acute inhala- 
tion toxicity is greater  than 10 milligrams pe t  
liter (rag/L), but less than or equal to 200 milli- 
grams per  liter (rag/L); 

Gases and vapors whose LCr, 0 for acute inha- 
lation toxicity is greater  than 5000 parts per  mil- 
lion (ppm), but less than or equal to 10,000 parts 
per  million (ppm); 

Materials that are moderate  respiratory irri- 
tants or that cause slight to moderate  eve irrita- 
tion. 

Materials that on short exposure under  fire con- 
ditions would offer no hazard beyond that of 
o rd ina ry  comhust ible  materials .  This degree  
usually includes: 

Materials whose LDso for acute oral toxicity is 
g r ea t e r  than 2000 mi l l igrams per  ki logrmn 
(mg/kg); 

Materials whose LDs0 tot acute dermal  toxicity 
is greater  than 2000 milligrams per  kilogram 
(mg/kg); 

Dusts and mists whose LCs0 for acute inhala- 
tion toxicity is greater  than 200 milligrams per 
liter (rag/L); 

Gases and vapors whose LC.-,0 for acute inha- 
lation toxicity is greater  than 10,000 parts per  
million (ppm). 

B-2.2 Flammability Hazard. Flammability describes the 
degree of susceptibility of materials to burning.  Since many 
materials will burn under  one set of conditions but will not 
burn under  others, the fi)rm or condition of the material 
shall be considered, along with its inherent  properties.  

B-2.2.1 Degree of Flammability Hazard. 

Materials that will rapidly or completely vaporize 
at a tmospher ic  pressure  and normal  ambient  
temperature  or that are readily dispersed in air 
and that will burn readily. This degree usually 
includes: 

Flammable gases; 
Flammable cryogenic materials; 
Any liquid or gaseous material that is liquid 

while under  pressure and has a flash point below 
73°F (22.8°C) and a boiling point below 100°F 
(37.8°C) (i.e., Class IA ttammable liquids): 

Mater ia ls  that  igni te  spon t a ne ous ly  when 
exposed to air. 

Liquids and solids that can be ignited under  
a lmost  all ambien t  t e m p e r a t u r e  condi t ions .  
Materials  in this deg ree  p r o d u c e  hazardous  
atmospheres with air under  almost all ambient  
temperatures  or. though unaffected by ambient  
temperatures,  are readily ignited under  ahnost 
all conditions. This degree usually includes: 

Liquids  hav ing  a flash po in t  below 73°F 
(22.8°C) and having a boiling point at or above 
I(/0°F (37.8°C) and those liquids having a flash 
point at or above 73°F (22.8°C) and below 100°F 
(37.8°C) (i.e., Class IB and Class IC flammable 
liquids): 

Materials that, on account of their physical 
torm or  env i ronmenta l  condi t ions,  can fi)rm 
explosive mixtures with air and that are readily 
dispersed in air, such as dusts of combustible sol- 
ids and mists of flammable or combustible liquid 
droplets; 

Materials that burn  with ex t reme rapidi ty,  
usually bv reason of selLcontained oxygen (e.g., 
dry nitrocelhflose and many organic peroxides). 

Materials that must be moderate ly  heated or  
exposed to relatively high ambient  temperatures  
be ibre  igni t ion can occur.  Mater ia ls  in this 
degree  would not, unde r  normal  condit ions,  
form hazardous atmospheres with air, hut under  
high ambient  temperatures  or under  moderate  
heating may release vapor in sufficient quantities 
to p roduce  hazardous  a tmospheres  with air. 
This degree usually includes: 

Liquids having a flash poin t  above 100°F 
(37.8°C), but not exceeding 200°F (93.4°C) (i.e., 
Class 11 and Class I IA combustible liquids); 
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Solid materials  in the torm of  coarse dusts that 
may burn  rapi(lly but  that general ly  do not li)rln 
explosive atm()sl)heres with ,tit-: 

Solid materials  in a tibrous or  sh redded  form 
that may burn  rapidly and create  flash fire haz- 
ards, such as cotton,  sisal, and hemp;  

Solids and  semisol ids  that  readi ly  give off  
[ tammablc vapors. 

Materials that inust bc p rehea ted  before  ignit ion 
can occur.  Materials in this deg ree  requi re  con- 
siderable prehea t ing ,  u n d e r  all ambient  t emper -  
at ure  condit ions,  befi)re ignition and comhus t ion  
c~,tD occur. This degree  u sua lh  includes: 

Materials that will b tun  in ;tit when exposed  to 
a t e m p e r a t u r e  of  1500°F (815.5°C) fin a per iod  
(if,5 rain or  less; 

Liquids, solids, and semisolid> having a tlash 
point  above 200°F (93.4°C) (i.e., Class I I IB com- 
bustible liquids); 

Most ()rdinarv combust ible  materials.  

© Material> that will not burn.  This  deg ree  usually 
includes any material  that ~ill not hurn in al l  
w h e n  e x p o s e d  t,) a t e m p e r a t u r e  o f  1500°F 
(815.5°C) tor a per iod o t 5  rain. 

B - 2 . 3  R e a c t i v i t y  H a z a r d s .  Reac t iv i t y  d e s c r i b e s  t he  
d e g r e e  o f  susceptibi l i ty o f  mater ia ls  to re lease  energy .  
Some materials  are  capahle of  rapid release of  energy  by 
themselves,  as by self-reaction or  polymeriza t ion ,  or  can 
u n d e r g o  violent explosive reaction if contacted with water  
or  o ther  ext inguishing agents or  with certain o ther  ,natcrials. 

T h e  violence of  reaction or  decompos i t ion  of  materials  
may be increased hv heat or  pressure,  by mix ture  with cer- 
tain o ther  materials  to form fuel-<)xidi/t~r combinat ions ,  or  
by contact with incompat ible  subst:mces, sensitizing con- 
t;~tlliltalttS, (ll + catalysts. 

Because of  the wide variations of  accidental  combina-  
tions possible in the  or  o the r  emergencies ,  these ext rane-  
otis hazard factors (except tm  the effect of  water) cannot  be 
appl ied in a genera l  numer ica l  scaling of  hazards.  Such 
e x t r a n e o u s  thctors must  he c o n s i d e r e d  ind iv idua l ly  in 
o r d e r  to establish app rop r i a t e  safety factors, such as sepa- 
rat ion or  segregat ion.  Such individual  considera t ion  is par- 
t icularly impor tan t  where  signiticant amount s  of  materials  
are to be s tored or  handled.  ( ;u idancc  tbr this ~onsider- 
ati<m is p rov ided  in NFPA 49, Hazmdou.~ Chemicals Data. 

l h e  deg ree  ot reactivity hazard  shall indicate t<) fire 
f ight ing and emergency  personne l  that the area sh<)uld be 
evacuated,  that a fire fnusl be fi)ught from a pro tec ted  loca- 
tion, that caution must be used in app roach ing  a spill or  
fire to apply ex t inguish ing  agents,  or  that a fire may be 
fought  using normal  procedures .  

A reactive material  is one  that can en ter  into a violent 
chemical  reaction with water. Reactions with o the r  materi-  
als may also resuh in violent  release of  energy  but are  
bevonci the scope of  this s tandard.  

An unstable material  is one  that, in the pu re  state or  as 
c o n n n e r c i a l l v  p r o d u c e d ,  will v i g o r o u s l y  p o l y m e r i z e ,  
decompose  or  condense ,  become self-reactive, or  otherwise 
u n d e r g o  a violent chemical  change  unde r  condi t ions  of  
shock, pressure,  or  t empera tu re .  

Stable materials  are those that  normal ly  have the capac- 
ity to resist changes  in their  chemical  composi t ion,  despite  
exposure  to air, water,  and heat  as encoun te r ed  in fire 
emergencies .  

B-2.3 .1  D e g r e e s  o f  Reac t iv i ty  Hazard .  

Materials that in themselves  are  readily capable 
of  d e t o n a t i o n  or  exp los ive  decompo ' s i t ion  or  
exph)sive react ion at normal  t empera tu re s  and 
pressures.  This  deg ree  usually includes materials  
t ha t  a r e  s e n s i t i v e  to loc~tlized t h e r m a l  o r  
mechanical  shock at normal  t empera tu res  and 
pressures.  

Materials that in themselves are  capable of  deto-  
nation or  explosive decompos i t ion  or  explosive 
reac t ion ,  but  that  r equ i r e  a s t rong  in i t ia t ing 
source or  that must be hea ted  u n d e r  confine-  
m e n t  b e l o r e  in i t i a t ion .  T h i s  d e g r e e  usual ly  
includes: 

Mater ia l s  that  a re  sensi t ive  to t h e r m a l  o r  
mechanical  shock at e levated t empera tu re s  and 
pressures;  

Mater ia ls  that  react  explos ive ly  with water  
with<)t,t r equ i r ing  heat or  conf inement .  

Materials that readily u n d e r g o  violent  chemical  
change  at e levated t empera tn re s  and pressures.  
This  deg ree  usually includes: 

Materials tbat exhihit  an e x o t h e r m  at t emper -  
atures less than or  equal  to 150°C (302°F) when 
tested by ditferential  scanning calor imetry;  

M a t e r i a l s  t h a t  ITIaV react violently with water  
o r  fo rm po ten t i a l ly  exp los ive  m~xtures  with 
water.  

~] Materials that m themselves are  normal ly  stable 
but that can become unstable at elevated tem- 
p e r a t u r e s  and  pressure .  This  d e g r e e  usual ly 
includes: 

Materials that change  or  decompose  on expo-  
sure to ;tit-, light, or  moisture;  

Materials that exhibi t  an e x o t h e r m  at t emper -  
atures grea te r  than 150°C (302°F), but  less than 
or  equal  to 300°C (572°F), when tested by differ- 
ential scanning calor imetry.  

Materials tbat in themselves  are  normally  stable, 
even unde r  tire condit ions.  This  degree '  usually 
includes: 

Materials that do not react with water; 
*laterials that exhibi t  an e x o t h e r m  at t emper -  

atures  g rea te r  than 300°C (572°F) bnt  less than 
or  equal  to 500°C (932°F) when tested by difDr-  
ential scanning calor imetry;  

Materials that do not exhibi t  an e x o t h e r m  at 
t empera tu re s  less than or  equal  to 500°C (932°F) 
when tested by differential  scanning calor imetry.  
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B-3 The fi)llowing definitions are taken Dora NFPA 220, 
Standard on Type.~ oj Baddmg Construction: 

B-3.1 Noncombust ible  Material. A material that, in the 
form in which it is used and under  the conditions antici- 
pated, will not ignite, burn,  support comhustion, or release 
flammable vapors when subjected to fire or heat. Materials 
reported as noncombustible, when tested in accordance 
with ASTM E 136, Standard Method 0/ Test)br Noncomhusti- 
bility My Elementam, Materials, shall be considered noncom- 
bustible materials. 

B-3.2 Limited-Combust ible .  As applied to a bui ld ing 
construction material, means a material, not complying 
with the definition of noncombustible material, that, in the 
form in which it is used, has a potential heat value not 
exceeding 3500 Btu per lb (8141 kJ/kg), and complies with 
one of the folh)wing paragraphs, (a) or (t)). Materials sub- 
ject to increase in combustibility or flame spread rating 
beyond the limits herein established through the eltects of 
age, moisture, or other atmospheric condition shall be con- 
sidered combustible. 

(a) Materials having a structural base of noncombustible 
material, with a surfacing not exceeding a thickness of l/s 
an in. (3.2 ram) that has a fame spread rating not greater 
than 50. 

(b) Materials, in the farm and thickness used, other than 
as described in (a), having neither a flame spread rating 
greater than 25 nor evidence of continued progressive 
combustion and of such composition that surfaces that 
would be exposed by cutting through the material on any 
plane would have neither a flame spread rating greater 
than 25 nor evidence of continued progressive combustion. 

B-3.3 Potential Heat Value. The average value, in Btu 
per lb, obtained bv testing a building material in accor- 
dance with NFPA 259, Standard Test Method for Potential 
Heat of Building Materials. 

B-3.4 Flame Spread Index. Refiers to numbers or classi- 
fications obtained according to NFPA 255, StandaM Method 
of Test of Surfi~ce Burning Characteristics of Budding Materials. 

B-3,5 Fire Endurance Rating. The time, in minutes or 
hours, that materials or assemblies have withstood a fire 
exposure as established in accordance with the test proce- 
dures of NFPA 251, Standard Methods of Fire Tests o/ Build- 
ing Construction and alaterials. 

B-3.6 Classification of  Construction Types. 

B-3.6.1 Basic types of construction are defined below as 
Types I, lI, II1. IV, or V. Each basic type, except for Type 
IV, includes two or more subclasses differentiated by a 
three-digit arabic number.  The arabic numbers designate 
the fire endurance rating requirements for certain struc- 
tural dements  as follows: 

First Arabic Number. Exterior bearing walls. 

Second Arabic Number. Structural Dame or cohmms 
and girders, support ing loads for more than one floor. 

Third Arabic Number. Floor constructioiL 

B-3.6.2 Basic Construction Types. 

NOTE: All dimensions fiw sawn and laminated lumber arc 
l lOll l l l lLl l .  

Type I (443-332). Type 1 construction is that type in 
which the structural members, including walls, colunms, 
beams, floors, and rootg, are of approved noncombustible 
or limited-combustible materials and have fire endurance 
ratings not less than those set fi)rth in Table B-3. 

Type l I  (222-111-000). Type I1 construction is that 
type not qualif};ing as Type l construction in which the 
structural  members,  inc luding walls, columns,  beams, 
floors, and roofs, are of approved noncombust ible  or 
limited-comhustible materials and have fire endurance rat- 
ings not less than those set forth in Table B-3. 

Type III  (211-200). Type I11 construction is that type 
in which exterior walls and structural members that are 
portions of exterior walls are of approved noncombustible 
or limited-combustible materials, and interior structural 
members, including walls, columns, beams, floors, and 
roofs, are wholly or partly of wood of smaller dimensions 
than required for Type IV construction or of approved 
noncombustible, limited-combustible, or other approved 
combustible materials. In addition, structural members 
have fire endurance ratings not less than those set fbrth in 
Table B-3. 

Type IV (2HH). Type IV construction is that type in 
which exterior and interior walls and structural members 
that are portions of such walls are of approved noncombus- 
tible or limited-combustible materials. Other interior struc- 
tural members, including columns, beams, arches, foors, 
and roofs, are of solid or laminated wood without con- 
cealed spaces and comply with the provisions shown in (a) 
through (e) below. In addition, structural members have 
fire endurance ratings not less than those set fbrth in Table 
B-3. 

Exception No. 1: Interior columns, arches, beams, gtrders, and 
trusses of @proved materials other than wood are permitted pro- 
vMed the~' are protected to provide a fire endurance rating of not 
less than 1 hr. 

Exception No. 2: Certain concealed spaces are permitted by the 
Exception to (c) below. 

(a) Wood columns supporting floor loads shall he not 
less than 8 in. (203 ram) m any dimension; wood columns 
supporting roof loads only shail be not less than 6 in. (152 
mm) in least dimension and not less than 8 in. (203 ram) in 
depth. 

(b) Wood beams and girders support ing floor loads 
shall be not less than 6 in. (152 ram) in width and not less 
than 10 in. (254 ram) in depth; wood beams and girders 
and other roof framing, supporting roof loads only, shall 
he not less than 4 in. (102 ram) in width and not less than 
6 in. (152 ram) in depth. 

(c) Framed or glued laminated arches that spring from 
grade or the floor line and timber trusses that support 
floor loads shall be not less than 8 in. (203 ram) in width 
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Table B-3 Fire Resistance Requirements in Hours for Type I through Type V Construction 

EXTERIOR BEARING WALLS-- 
Supporting more than one floor, 

colunms, or other bearing walls . . .  
Supporting one floor onh' . . . . . . . . . .  
Supporting a roof only. . . . . . . . . . . . .  

INTERIOR BEARING WALLS-- 
Supporting more than one floor, 

columns, or other bearing walls . . .  
Supporting one floor only. . . . . . . . . .  
Supporting a roof only. . . . . . . . . . . . .  

COLUMNS-- 
Supporting more than one f loor ,  

bea r ing  walls, o r  o t h e r  c o l u m n s . . .  
S u p p o r t i n g  one f l o o r  o n l y ,  . . . . . . . . .  
S u p p o r t i n g  a r o o f  o n l y .  . . . . . . . . . . .  

BEAMS, GIRDERS, TRUSSES, & 
ARCHES-- 

Supporting more than one floor, 
bearing walls, or columns . . . . . . . . .  

Supporting one floor only. . . . . . . . . .  
Supporting a roof onh . . . . . . . . . . . . .  

F I .OOR CONSTRUCTION 

ROOF CONSTRUCTION 

EXTERI()R NONBEARIN(, WALI.S 

Type I 

443 332 222 

Type II 

111 

4 3 '2 1 
4 3 '2 1 
4 3 1 1 

4 3 '2 1 
3 '2 '2 1 
3 2 1 1 

4 3 '2 1 
3 2 '2 1 
3 "2 1 1 

4 3 2 l 
3 2 2 l 
3 2 1 1 

3 2 2 1 

2 l lQ 1 1 
0 ~ ()~ ()~ 0 t 

Those members listed that are permitted to be ot al)tmwed combu,,tible materml. 

Type III Type IV Type V 

000 211 200 2HH 111 00C 

~ ' ~  f . / ~  > / /  %f# 

o' ', ~ ", Y A Z T Z  / / / Y / / {  
5 5 ; " 3 5 ;  5 " ,  " '  / / / / / 1 "  

/ ~. / /  ,) " 

/ / / " r / / / /  / ~ / / ~ -  , , / / J / > ;  
o FF, #4 1 f//,Af,/4 ©2k 

" / / / / A  " ~ ' ' / ,  ; / " / A  ' / / /  
/ , / /  

o 

o " / / / h  . . . . . .  

/ . / , < / A  . . . . . . . . . .  " /// . . . .  

~Requirements fin- fire resistance of exterior walls, lhe provision ot spandrel wall sections, and the limitation or protection of wall openings 
are not related to constructiorl type. They need to he specified in other standards and codes, where appropriate, and may be required in 
addition to the requirements of this standard fnr the construction type. 

e"H" indicates heavv timber members; see text for requirements. 

or  d e p t h .  F r a m e d  or  g lned  l a m i n a t e d  a rches  for r oo f  con-  
s t ruc t ion  tha t  s p r i n g  f rom g r a d e  or  the  f loor l ine a n d  do  
no t  s u p p o r t  f loor  loads shall  have  m e m b e r s  not  less t h a n  6 
in. (152 ram) in wid th  a n d  not  less t han  8 in. (203 ram) in 
d e p t h  for the  lower  ha l f  of  the  he igh t  a n d  not  less t h a n  6 
in. (152 ram) in d e p t h  [;at the  u p p e r  halt.  F r a m e d  or  g lued  
l amina ted  arches  | o r  roof  cons t ruc t ion  tha t  sp r ing  f rom the  
top of  walls or  wall a b u t m e n t s  and  t imber  trusses tha t  do  not  
s u p p o r t  floor loads shall have m e m b e r s  not  less t han  4 in. 
(102 ram) in width  and  not  less than  6 in. (152 ram) in dep th .  

Exeeptio,: Spaced members may be composed of two or more 
pieces not less than 3 m. (76 ram) m thickness when blocked sol- 
Mly throughout their intervening space.~ o r  when such spaces are 
tightly closed by a continuou.~ wood cover plate not less than 2 m. 
(51 ram) in thuknes.~, secured to the undeT:wde of the member~. 

Splice plates shall be not  less than 3 in. (76 ram) in thickness. 

(d) Floors  shall be c o n s t r u c t e d  of  sp l ined  or  t o n g u e d  
a n d  g rooved  p l ank  not  less t h a n  3 in. (76 ram) in th ickness  
cove red  with 1-in. (25-ntm)  t o n g u e - a n d - g r o n v e  t loor ing,  

laid crosswise or  ( l iagonal ly to the  p lank ,  or  with V, in. 
(12.7-ram) plywood,  07- of  l a m i n a t e d  p lanks  no t  less t h a n  4 
in. (102 mtn)  in width,  set on  edge  close t oge the r ,  sp iked  
at in te rva ls  of  18 in. (457 ram) a n d  covered  with l-in.  (25- 
ram) t o n g u e - a n d - g r o o v e  f loor ing  laid crosswise or  d iago-  
na lh '  to the  p l ank  or  with 1/, in. (12.7-ram) plywood.  

(e) Roof  decks  shal l  be  o f  s p l i n e d  o r  t o n g u e d - a n d -  
g rooved  p h m k  no t  less t h a n  2 in. (51 ram) in th ickness ;  or  
of  l a m i n a t e d  p lanks  not  less t h a n  3 in. (76 mm)  in width,  
set on  edge  close toge the r ,  a n d  laid as r e q u i r e d  lor  floors; 
or  of  1V,~-in. (28 .6 -mm)  thick in t e r io r  p lywood (ex te r io r  
g l u e )  o r  o f  a p p r o v e d  n o n c o m b u s t i b l e  o r  l i m i t e d -  
combus t ib l e  mater ia l s  of  equal  t i re  durabi l i ty .  

T y p e  V (111-000) .  T y p e  V cons t ruc t i on  is tha t  type in 
which ex t e r i o r  walls, b e a r i n g  wails, a n d  t loors  a n d  roofs 
a n d  the i r  s u p p o r t s  a re  wholh '  or  par t ly  of  wood or  o t h e r  
a p p r o v e d  combus t ib l e  mate r ia l  smal le r  t h a n  r e q u i r e d  to t  
T y p e  1V c o n s t r u c t i o n .  In a d d i t i o n ,  s t ruc tu ra l  m e m b e r s  
have  tire res i s tance  r a t ings  no t  less t h a n  those  set for th  in 
T a b l e  B-3. 
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APPENDIX C 4 5 - 3 3  

A p p e n d i x  C S u p p l e m e n t a r y  I n f o r m a t i o n  o n  
E x p l o s i o n  H a z a r d s  and  P r o t e c t i o n  

7"ht.~ A p p e m h x  i,~ m)t a part ~ the pequa~ement,~ o/ thi,~ NI"I'A dm u- 
merit, but t,~ mcluded J~,~ mp.matum purpme,~ emir. 

C-I Scope. l 'his  Appendix is intended to provide labora- 
tory managenmnt with infornmtion to assist them in under- 
standing the potential consequences of an explosion and 
tile need for adequately designed protection. It is not 
intended to be a design manual. 

C-2 Explosion. An explosion is 1) a violent bursting, as 
of a pressurized vessel; or 2) an extremeh' rapid chemical 
reaction with the associated production ot: noise, heat, and 
violent expansion of  gases. Reactive explosions are turther 
categorized as deftagrations, detonations,  and thermal 
explosions, 

C-2.1 Container Failure. When a container is pressur- 
ized beyond its burst strength, it may violently tear asun- 
der (explode). A container ti.tilure can produce subsonic, 
sonic, or supersonic shock waves, depending on the cause 
of tile internal pressure. 

C-2.1.I The energy released by tailure of a vessel contain- 
ing a gas or liquid is the stun of tile ene,gy of pressuriza- 
lion of tile fluid and tile strain energy in the vessel walls 
due to pressure-induced deformation. 

C-2.1.2 In pressurized gas systems, the energy ill the 
compressed gas represents a large proportion of the total 
energy released in a vessel rupture,  whereas, ill pressur- 
ized liquid systems, tile strain energy in the container walls 
represen t s  tile more significant portion of tile total explo- 
sion energy available, especially in tfigh-pressure systems. 

C-2.1.3 Small-vohnne liquid systems pressurized to over 
5000 psi (141,845 kPa), large-volume systems at low pres- 
sures, or systems contained bv vessels made of materials 
that exhibit high elasticity sho'uhl be evaluated tor energy 
release potential under  accident conditions. This does not 
imply tha! nonelastic materials of construction are pre- 
tcrred. Materials with predictable failure modes are pre- 
t~erred. 

C-2.1.4 l.iquid s'¢stems containing entrained :lit or gas 
will store more potential energy and are, tberefilre, more 
hazardous than totally liquid systems because the gas 
becomes tile driving force behind tile liquid. 

C-2.1.5 For gas-pressurized liquid systems, such as nitro- 
gen over oil, an evaluation of tim explosion energy should 
be made tilt + both the lowest and highest possible liquid 
levels. 

C-2.1.6 For two-phase systems, such as carbon dioxide, 
an energy evaluation should be made fi)r tile entire svstem 
ix/ the gas phase and the expansion of the naaximnm'avail- 
able liquid t~) tile gas phase should then be considered. 

C-2.2 A detlagration is a rapid combustion or decomposi- 
tion reaction in which the reaction zone (flame [font) 
p rogresses  below the speed of sound  t h r o u g h  tile 
unburned  medium. 

C-2.2.1 The reaction rate is proportional to the increas- 
ing pressure of the reaction. A deflagration may, under  
some conditions, accelerate and build into a detonation. 
The deflagration-to-detonation transition (D-D-T) is influ- 
enced by confinement that allows compression waves to 
advance" and create higher pressures that cont inue to 
increase the deflagration rates. This is commonly called 
"'pressure piling." 

C-2.3 A detonation is a rapid combustion reaction that 
takes place at or above tile speed of sound in tile unburned  
mediunl. 

C-2.3.1 A detonation will cause a high pressure shock 
wave to propagate outwardly, through tile surrounding 
environment,  at velocities above tile speed of sound. 

C-2.4 A thermal explosion is a sell:accelerating exother- 
mic decomposition that occurs throughout the entire mass 
with no separate, distinct reaction zone. 

C-2.4.1 A thermal explosion may accelerate into a deto- 
nation. 

C-2.4.2 The peak pressure and rate of pressure rise in a 
thernml explosion are directly proportional to the amount  
of material undergoing reaction per unit volume of tim 
container. This is quite unlike gas or vapor explosions, 
where the loading density is normally fixed by the combus- 
tible mixture at one atmosphere. The Frank-Kamenetsky 
theory is useful in evaluating the critical mass in the ther- 
mal explosion of solids. 

C-3 Effects of Explosions.  

C-3.1 Personnel  Exposure.  Personnel exposed to the 
effects n f a n  explosion are susceptible to injury from: 

(a} Missiles and explosion-dispersed materials; 

(b) Thermal and corrosive burns; 

(c) Inhalation of explosion products; 

(d) O v e r p r e s s u r e ;  i n c l u d i n g  inc iden t ,  ref lec t ion-  
reintbrced incident, and sustained overpressure; 

(e) Body blow-down and whole body displacement. 

Injuries fiom missiles and explosion-dispersed materi- 
als, hurns, and inhalation of toxic gases account tbr the 
majority of it!juries related to small explosions. Approxi- 
mation of physiological damage due to explosions is given 
in Tables C-3. l(a) and (b). 

C-3.2 Damage to Structural Elements.  The potential tbr 
damage to high-value buildings and equipment also war- 
rants special consideration. Failure of building components 
should not be overlooked as a source of injnry to person- 
nel. 

C-3.2.1 Where the incident impulse is reinforced by 
reflection, as will be the case in large explosions within or 
Ileal structures, the incident peak pressures fi)r given dam- 
age are substamiallv lowered. The reflected pressure may 
be frmn 2 to 19 times greater than the incident pressure, 

1991 Edition 



4 5 - 3 4  FI RI.. I'R( )TE(.  l l  { )N F( )R I =\I',( )RAT( )RI KS L S I N( ; (:I t E ~.l [C. \ I  .S 

Table  C-3.1(a) Blast Effects from Detonat ions  Range  in fl for Indicated  Explos ive  Yield (TNT Equivalent) 

Blast Effect 0.1 gm 1.0 gm 10 gm 100 gm Criteria 

1.1 2.4 .5.2 I 1 t', = 3.4  psi  15; E a r d r u m  R u p t u r e  

50'/~ E a r d r u m  R u p t u r c  

N o  i+Uo'+do,+v n 

50';'; I+, h)v, d, ..v n 

I'A S c r i . u >  l l i s l ) l a c c m c n t  ln . iu r  } 

l ' h r c s h < 4 d  l . u n g  l t c m < u r h : t g c  

St 'Yore  1 .tlll,~ l [ c m , > r v h . t g c  

l'J M<~rt,dit,+ 

:',1 I';; M o r t a h t v  

50';~ l . a r g c  ( 1 6 - 2 5  flu) 

W i n < l o w s  I+,v<,kcn 

50'A Sn++.tll ( 1 . 3 - 6  fl':) 
W i n < h , w s  I~,t'okcn 

0 .4  7 1.0 '2. '2 -t. 7 

0 . 3 1  1.3 6 . 9  - -  3 0  

I', = 16 psi 

1, + lq = 1.2.'> ps i  • m s c c  
\:,,,,,, = 0 .3  h / s e e  

< 0 . 1  0 . 2 9  1.1 +t.1 l, + lq = S 5; psi  • m s c c  
\",,,,,, = 2 .0  fl/scc 

< 0 . 1  < 0 . 2  <(1.5 -- 1.1 

< 0  I < 0 . 2  --<).5 I.S 

1, + lq = 54  psi  • m s c c  
\',,,.~ = 13 fl/>cc 

1, + lq = 26  p s i -  msc 'c  

< O . I  < 0 . 2  <1~.5 - -1 .1  I, + lq = 52  p s i .  m s c c  

< 0 . 1  < ( I . 2  <1)..=> < 1 1, + 11 = 85  l)Sl • Inse t  

< 0 . 1  < 0 . 2  < 0 . 5  < 1 

{I.2{'; 1.1 5 .7  - 30  

(). 17 0 . 4 0  1.9 {.)..)' 

I, + l,t = 130 p s i .  mscc  

I, = ~'~ pSI " lilt, CO 

I = S t )~ i -  mncc 

1', = t h e  p e a k  tac t< len t  o v c r p r c s s u r c < p s i ) .  
\',,,,~ - t h c  m a x i m u t n  t r a n s l a l i ~ m a l  ' . e loc i tv  fin- a n  i l u t i a l l y  s t a n d i n g  m a n  ( t i /scc) .  

I, = I h c  i n t p u l s c  in I h c  i m ' i d c n t  w a v e  (ps,  • tnscc)  
1, = f t , '  d ~ n a m u  p r e s s u r e  i m p u l s e  in t h e  i n c i d e n t  v, a v e  ( p s i .  mscc ) .  

, l h c  i m t m l s c  m l h c  inc i<lcn t  v , a \ c  u p o n  r e f l e c t i o n  a g a i n s t  ,t s u r l a t c  t ) c r p c n < h c u l , u  to iI~, p a t h  <>f t r a v c l  (ps i  • m s c c L  

NI)II.; .  l lit '  oVt ' lpr t 'SMllC:dlM,t l l tC ( IIl'~( '+, 1~t t h c t l t l a l  cxl)h>sl<m', ,uld dc [ I , l~ l , t l lons  d o  n<+t l l l ; I t th  IhoM." I)|'-]-N'[" dtqoll;ttlOIIS, ~ll l ld{' t<ll l i l t lOll  cxphlslOllS hiD, c 
Itl',xt'l O\UI+plC~,MIIC% hl ( h>,,c fo r  (Ot l lpata l ) I t :  Ci l t , l~V i t . lease ~, bi l l  t a lr lv 111~hcl ()VUII)IC~,MIIU~ Io  ~l( 'At( ' l  d l ' , t ; l l l { t 's ,  l i l t '  cr l I l (<l l  l a ( t o l  IS l l l lpu ls(  J ]l l l lJllISC is cite 
l l h l \ i l l l l l l l l  lilt ld t ' l l l  OVCI pl<+'M, IllC (pSl) n m l l t l ) h c d  h,+ tilt' pulse  dtH,tti~m (nulli~,ct<mdsi. 

Table  C-3.1(b) Criteria for Est imating Miss i le  Injuries  

Critical Organ Related Impact  
Kind of Missi le  or Event Veloc i ty  (ft/sec) 

N~ml>cnc lv . f l in  ~ 

I t)-ll) OblCt t 

I~ClICl I ' a t l l l~  * 

l l ) - g m  Rl;ts~ h, ign '~cnt . ,  

( ; c r c h r a l  

( IIIIICIIS~i( >11 

lhrcshold 

S k u l l  t i 'act  u r c  

T h v c , h ( 4 d  

Nc ; t r  I Ill)+; 

t 5  

15 

2:', 

S k i n  l , . . c r a t i~m 

l h r c ~ h . h t  50  

~Cl']< )11% V<OtllldS 

lh r e > h o l d  l ()0 

3()'.; ISt) 

I I )1)','; 3 0 0  

*l'.,,c < lan tagc .  Ic tha l i t , , .  m pa ra lvs i , ,  m ax  r c s u h  f l ' om p c r w t r a t i n g  
t m s s i l c s  ,tt v c l a t l x c h  hm ~ch)c i tms  s t r i k i n g  cxc>, m 4 j o r  bh,~,d ~cs- 

Kcl% IlIDtJOl" llCl'~-'d (CllICI ' ; , ,  <)1" xil, l l  o rga l lS .  

I:,,~ SI Uni t ' , :  1 t i / sc t  = 0.3(1:'> m / s e t .  

<h'pending ~m the magnitude ~d ttle incident pressure and 
t h c  d i s t a n c e  f r o m  r e l l c c t i n g  s u r f i t c c s .  H o w e v e r .  w h e n  a 
small explosion located more than a tev, inches flmn a 
vctlecting surlhcc has a TNTcquixa lence  of less than 1()0 

grams, the rcinti)rcemcnt I~hcnomcna is negligible bccause 
of the rapid decay of both the inci<lcnt pressure wave and 
the reftcctcd pressure v,'avc with distan,.:c. 

C-3.2.2 Thcrmal  cxph)sio,ls and deilagrations having 
impulses with ratcs of p,cssure risc greate, dmn 20 millisec- 
onds rcquirc peak pressures of appr<>xmmtcly three times 
th<)se of detonati<ms in <,<tcr to produce similar damage. 

C-3.2.3 Asus ta inedovcrpressure  ++'ill rcsuh when a large  
exph>si<m occurs in a building wilh low openings or inade- 
quate exph,si<m venting. T h i s  sustaine<l ovcrprcssure is 
more damaging than at short duration explosion of equiva- 
lent rate of prcssurc ,'isc and peak pressure. Explosions 
with TN T e<luivalencies of less than 100 grants would not 
b e  e x p e c t e d  t o  c r e a t e  s i g n i [ i c a n t  s u s t a i n e d  o x ' e r p r c s s t ,  r e s ,  
except in small enclosures. (For small cxplosions, Imrns, 
inhalatio,l  of toxic gases, and missile injuries usually 
exceed blast way(' injuries.) 

C-4 Hazard Analysis. 

C-4.1 The dclcrmhutlion of the degree of hazard prc- 
seined by a specilic operation is at l l tat l lel"  ot judgnmnt .  An 
explosion hazard shouht be evahmted in terms of likcli- 
hood, severity, ~ i l l d  I l l ( !  C O l t S e ( l t l C l l C e s  l i t  ~tll cxplosion, a s  

well as the protection required to substantially reducc the 
ha:,md. A review of the explosion hazard ,malvsis al an 
appropriate level of m,magenmnt is rccommendcd. 

C-4.2 The severity of an explosion is measured in terms 
of the rate id pressure rise, peak explosion pressure, 
impulse, £t t l l ' ; t l i l ) l l  I>t" l h c  < w e r p r e s s u r e .  < l v n a m i c  p r e s s u r e .  
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velocity, of the propagating pressure wave, and residual 
overpressures. The effects of an explosion within an enclo- 
sure, such as a laboratory hood, laboratory work area, or 
laboratory unit may be far more severe than the ett~ects of 
a similar explosion in an open space. Of primary impor- 
tance is the missile hazard. Some explosions, such as in 
overpresst, rized lightweight glassware, may generate pres- 
sure waves that, in themselves, do not endanger  personnel, 
but the rest,hing fiagments may blind, otherwise injure, or 
kill the experimenter.  An explosion that develops pres- 
sures sutficient to endanger  personnel in a laboratory work 
area usually will present a serious missile hazard. Consid- 
eration of missile hazards should include primary missiles 
from the vessel in which the explosion originates, second- 
ary missiles accelerated by the expanding blast wave, and 
the mass, shape, and velocity of the missiles. It should be 
noted thal an improper ly  anchored  or inadequate ly  
designed shield also may become a missile. The possibility 
of tlames and dispersim~ of hot, corrosive, or toxic materi- 
als likewise should be considered. 

C-4.3 The likelihood of an explosion is estimated by' con- 
sidering such t~actors as: the properties of the reactants; 
history of the reaclion based on literature search, etc.; pos- 
sible intermediates and reaction products; pressure, vof  
ume. stored energy', design integrity, and safety factors of 
reaction vessels; pressure relief provisions, in the case of 
pressure  vessels; explosive limits, quanti t ies ,  oxygen 
enrichment,  etc., of ttammable gases or vapors. The term 
"likelihood," rather than "'probability," is used to describe 
an estimated event ti-equency based on experience, knowl- 
edge, or intuitive reasoning, rather than upon statistical 
data. In general, there will be insufficient data to develop 
mathematical probabilities. 

C-4.4 The consequences of an explosion can be estimated 
by' considering the interactions of the explosion with person- 
nel, equipment, and building components at varying dis- 
tances fi'om the center of the explosion. This analysis should 
include: numbers and locations of personnel; injury and 
tatality potentials; repair or replacement cost of equipment; 
ability of the building or room or equipment to withstand the 
explosion, and the cost to restore the facility and equipment; 
adverse impact on research and development and business 
interruption costs as a result of loss of use of the thcility. 

C-4.5 Figure C-4.5 provides guidance on distinguishing 
between high pressure and low pressure reactions. 

The following items apply' to the classification of reac- 
tions in vessels as either high-pressure or low-pressure. 

C-4.5.1 Reactions that produce pressures below the curve 
in Figure (;-4.5 are classified as low-pressure reactions. 

Exception: Experimental reactions invoh,mg materials that are 
known to be inherently unstable, such as reactions with acetvlenic 
compound.s arm certai~ oxidatio~zs, sack as halogenations or nitra- 
tions, should be considered high-pressure reactions, even though 
they may Jhll below the cun,e in Figure C-4.5. 

C-4.5.2 Reactions that produce pressures above the curve 
in Figure C-4.5 should be classified as high-pressure reactions. 

Exception: Routine reactions where pressures and temperatures 
are expected between certain predetermined hmits based on long 
experience or routine work may be considered low-pressure reac- 
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Figure C-4.5. 

tions, if the reaction vessel is built of suitable materials, has an 
adequate safety factor, and is provided with pressure relief in the 
form of a properly destgned safety relief vah,e or a rupture disc, 
which discharges to a safe location. 

C-4.5.3 ltems (a) through (d) contain recommendations 
for protecting against explosion hazards of reactions con- 
ducted above atmospheric pressures. 

(a) High-pressure exper imental  reactions should be 
conducted behind a substantial fixed barricade that is capa- 
ble of withstanding the expected lateral forces. The barri- 
cade should be firmly supported at top and bottom to take 
these forces. At least one wall should be provided with 
explosion venting directed to a sate location. (See NFPA 68, 
Guide for Venting of Deflagrations.) 

(b) Reaction vessels should be built of suitable materials 
of construction and should have an adequate safety factor. 

(c) All reaction vessels should be provided with a pres- 
sure relief valve or a rupture  disc. 

(d) Low-pressure reactions should be conducted in or 
behind portable barricades. 

C - 5  E x p l o s i o n  H a z a r d  P r o t e c t i o n .  

C-5.1 It is important to remember that a conventional 
laboratory hood is not designed to provide explosion pro- 
tection. 

C-5.2 The design of explosion hazard protection mea- 
sures should be based on the following considerations: 

(a) Blast elt;ects: 

1. Impulse 
2. Rate and duration of pressure rise 
3. Peak pressure 
4. Duration of overpressure 
5. Velocity of the propagating pressure wave 
6. Residual overpressure and underpressure.  

(b) Missiles: 

1. Physical properties of the material 
2. Mass 
3. Shape 
4. Velocity'. 
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C-5.3 Protection can be provided by one or more of the 
following methods: 

(a) Providing special preventive or protective measures 
tot reactions, equipment,  or the reactants themselves (such 
as explosion suppression, high speed fire detection with 
deluge sprinklers, explosion venting directed to a safe loca- 
tion, or explosion-resistant enclosures); 

(b) Using remote control to minimize personnel  expo- 
sure; 

(c) Conduct ing exper iments  in a detached or isolated 
building, or outdoors;  

(d) Providing explosion-res is tant  walls or barr icades  
a round  the laboratory; 

(e) Limit ing the quanti t ies of  f lammable or reactive 
chemicals used in or exposed by the experiments;  

(t) Limiting the quantities of reactants of unknown char- 
acteristics to fractional gram amounts until the propert ies  
of intermediate  and final products  are well established; 

(g) Providing stflficient explosion venting in outside 
walls to maintain the integrity of the walls separat ing the 
hazardous  labora tory  work area  f lom adjacent  areas.  
Inside walls must be of explosion-resistant construction; 

(h) Disallowing the use of explosion hazard areas tor 
other  nonexplosinn hazard uses; 

(i) Locating offices, conference rooms, lunch rooms, 
etc., remote from the exph)sion hazard area. 

C-5.4 Explosion-Resistant Hoods and Shields. Labora- 
tory personnel  may be protected by specially designed 
explosion-resistant hoods or shields for T N T  equivalencies 
up to 1.0 grams. For slightly greater  T N T  equivalencies, 
specially designed hoods provided with explosion venting 
are required ,  For T N T  equivalencies grea ter  than 2.0 
grams, explosion-resistant construction, isolation, or other  
protective methods should be used. 

NOTE: Conventional laboratory hoods are not designed 
to provide explosion protection. 

C-5.4.1 When explosion-resistant  hoods or shields are 
used, thev should be designed, located, suppor ted,  and 
anchored so as to: 

(a) Withstand the effects of the explosion; 

(b) Vent overpressures ,  injurious substances, flames, 
and heat to a safe location; 

(c) Contain missiles and fragments; 

(d) Prevent the tormation of secondary missiles caused 
bv failure of hood or shield components.  

C-5.4.2 Commercially available explosion shields should 
be evaluated against the criteria of C-5.4.1 for the specific 
hazard. 

C-5.4.3 Mild steel plate ofl'ers several advantages  fin. 
hood and shield construction. It is economical, easy to fab- 
ricate, and tends to fail, at least initially, by bending  and 
tearing, ra ther  than by spalling, shattering, or splintering. 

The  use of mirrors  or closed-circuit television to view the 
exper iments  allows the use of nont ransparent  shields witb- 
OUt  hamper ing  the experimenter .  

C-5.4.4 When t ransparent  shields are necessary, tot view- 
ing purposes, the most common materials used are satiety 
glass, wire-reint0rced glass, and acrylic or polycarbonate 
plastic. Each of these materials, while providing some ntis- 
sile penetrat ion resistance, has a distinct Lfilure mode. 

(;lass shields tend to t iagment  into shards and to spall 
on the side away from the explosion. Plastics tend to tail bv 
cracking and breaking into distinct pieces• Also, plastic's 
may lose s t rength with age, exposure  to reactants,  or 
mechanical action. Polvcarbonates exhibit superior  /()ugh- 
ness compared  to acrylics. 

(;lass panels and plastic composite panels (sat}cry glass 
backed with polycarbonate,  with the satety glass towards 
the explosion hazard) have been suggested as an improved 
shield design. The  glass bhmts sharp missiles and the poly- 
carbonate contains any. glass shards and provides addi- 
tional resistance to the impulse load. 

C-5.5 Explosion-Resistant Construction. As explained 
in C-5.4, explosion-resistant construction may be required 
for TNT equivalencies greater  than 2.0 grams. Explosion- 
resistant construction should be designed based o,l the 
anticipated blast wave, defined in terms of peak impulse 
pressure and pulse durat ion,  and the worst-case expected 
missile hazard,  in terms of material,  mass, shape, and 
velocity. Missile velocities of 1,000 to 4,000 ft/sec {305 to 
1220 m/see) normally may be expected. 

C-5.5.1 The  response of a wall to an explosive shock is a 
function of the pressure applied and of the time period 
over which the pressure  is applied.  The press tue-f ime 
product  is known as impulse. 

(a) Detonations of small quantities of explosive materials 
usually involve very short periods of time (tentbs of milli- 
seconds) and high average pressure. 

(b) Gaseous deflagrations usually involve longer time 
periods and low average pressures. 

Information on design of explosion-resistant walls and 
barricades can be obtained fi'om references in Appendix F. 

C-5.6 Exp los ion  Venting.  Peak pressure  and impulse 
lnadings resuhing from deflagrat ions (not detonat ions)  
may be significantly reduced by adequate explosion vent- 
ing. (See NFPA 68, (;rode Jbr Ve~ting o/ D,~/tagratm~.~, /br 
z~{fi~rmation m~ calculating reqmred vent area.~.) 

C-5.6.1 Explosion vents should be designed and located 
so that fragments will not strike occupied buildings or 
areas where personnel may be located. Blast mats, energy- 
absorbing harriers,  or earth berms can be used to interrupt  
the flight of fragments. 

C-5.6.2 An air blast, unlike a missile, is not in terrupted by 
an obstacle in its line of travel. Instead, tim blast wave wiil 
ditfract a round  the ohstacle and, except fin slight energy 
losses, is essentially fully reconstituted within live to six 
obstacle dimensions beyond the obstacle. However, in the 
case of a small (TNT equivalence of 100 grams or less) 
explosion, the wave decay with distance may more than 
offset the reinfi>rcement phenomena.  
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Appendix D Supplementary Information on the 
Concept of the Laboratory Unit 

Th~s Appen&x ts m~t a part of the requirements c![" thzs NFPA docu- 
ment. hut i~ included for mJbrmatmn purposes only. 

D-1 Defini t ions .  T h e  tbllowing terms are  def ined in Sec- 
tinn 1-4 of  this s tandard.  They  are essential to the under -  
s tanding  of  this Appendix :  

(a) Labora tory  
(b) Laboratory  work area 
(c) Laboraturv  unit 
(d) Labora to(v  unit separat ion.  

D-2 Basic Concepts. 

D-2.1 T h e  concepl  of  a " labora tory"  is too nebulous to be 
used |o r  establishing r equ i remen t s  for fire protect ion.  T h e  
le rm " labora tory"  has too many differing, and conllicting, 
in terpreta t ions .  

D-2.2 T h e  r equ i r emen t s  of  this s tandard  are  based on the 
concept  of  the " labora tory  work area"  and the " laboratory  
unit ." 

D-2.3 T h e  te rm " lahoratory  work area"  applies to any 
area that serves the purpose  of  a laboratory.  It need not be 
enclosed.  If enclosed,  it need  not const i tute  an individual  
tire area. If  the boundar ies  of  a laboratory work area  do 
coincide with tire separat ion t i om adjacent  areas, then that 
lahoratory work area is also a " laboratory  unit"  and is more  
p roper ly  de l ined  as such. 

D-2.4 T h e  te rm "l: tboratory uni t"  is mean t  to compr ise  
any separa te  tire area  that contains one  or  more  laboratory 
work areas. T h e  fire resistance ra t ing of  the separa t ion  
be tween the laboratory unit  and adjacent  areas, whe ther  
a round ,  above, or  beluw, is d e p e n d e n t  on the size of  the 
unit; its class, according  to Chap te r  2; anmttnts  of  f lamma- 
ble and combust ible  liquids; and the presence,  or  lack ot, 
an automat ic  ex t inguish ing  system. 

Consider  the lab<watory unit shown in Figure  D-2(a): the 
laboratory unit is totally enclosed bv a suitable fire separa- 
tion. This  laboratory unit may he an ent i re  one-story build- 
ing or  jus t  one  floor of  a building.  It may be only a por t ion  
of  one  floor o t a  building.  

Figure  D-2(b) shows the same laboratory unit, but  with 
more  details added.  Note thai, by add ing  work benches  
and a desk, the laboratory unit is now div ided into three  
distinct work areas and a nunlahora tory  area, namely  the 
uftice. Fur lher ,  a l though there  is no physical separat ion 
be tween these tbur  areas, o ther  than the furni ture ,  they 
are  still separate  aud distinct and may be so treated.  For  
example ,  smoking  may be alh>wed at the desk, but not  in 
the work areas. Or,  th'e work area  at the u p p e r  left quad-  
rant  may be restr icted to very simple,  nonhaza rdous  rou-  
tines. 

Now, in Figure  D-2(c), the work areas and the office 
shown in Figure  l)-2(h) are  separa ted  by physical harriers,  
most likeh' lhe steel panel  and glass part i t ions c o m m o n  to 

Laboratory Unit 
Building 
Floor 
Portion of a floor 
Laboratory work area 

Laboratory 

Figure D-2(a) Laboratory unit (not to scale). 

Laboratory bench Laboratory bench 

Laboratory work area Laboratory work area 

Laboratory bench 

Laboratory Unit 

Laboratory bench 

Laboratory work area 

.[ Laboratory bench 

Laboratory 
Un,t Enclosure 

Figure D-2(b) Laboratory unit without partitioning (not to scale). 

such use. A h h o u g h  the part i t ions have no fire resistance 
rating, they still afford a minimal  deg ree  of  protect ion.  
Fur ther ,  the internal  co r r idor  provides  an escape route;  
not one  that will meet  the r equ i r emen t s  of  NFPA 101, Life 
Said'iv Code, but an escape route  nonetheless .  

Figure  D-2(d) shows an entirely different  situation. T h e  
cor r idor  is nov+, a r equ i red  means  of  exit access. The re lb r e ,  
it must be separa ted  fl-om the laboratory  units by f i re-rated 
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Figure D-2(c Laboratory' unit  with optional part i t ioning (not to scale). 
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Figure D-2(d) Laboratory units separated by a required exit corridor 
(not to scale). 

(-onstrt |clit , t .  l h i s  c(mvet-ts the single laboratory, unit into 
lxvo l a b o r a t o l , ,  u n i t s :  o n e  having t w o  s e p a r a t e  w<)rk r oo tns ;  
one having ,t v+()rk I(H)Ill itlld till <fffice. 

Figure  l)-2te) shtv,,+s how it n<,dal)oratorv area and it 
(:lass C laboratory unit are separa ted  both It-tml t,ach o ther  
and front ,t means o1 exit access. On tile otht+r side of the 
means  of  exit access, the two l abora tmv work areas of  Fig- 
ure  D-2(c) are  now separa ted  by a tire" part i t ion into two 
I,d)orator+ uruts of  dilleTin R class. 
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Figure D-2(e) Separation of laboratory units and nonlaboratory areas 
(not to scale). 

D-3 Factors Affecting Laboratory Unit Fire Hazard Clas- 
sification. 

D-3.1 T h e  printary I,tctor in d e t e r m i t u n g l a b o r a t o r y  unit 
fire hazard dassification is the quantity of (;lass I, l I, itnd 
I l IA liquids, its de i ined  in Append ix  B. A survey ot  tiara- 
triable liquM uslt~e an(l s torage in any pltrli( ttlar l~tl)otat<wv 
unit sh<)uld i den t i | \  tht  + quanti t ies  of  Class I liquids ah)ne 
and (]lass I, II, aml I l i A  liquids contl)ined. Tht,  survey 
sh(mld difl('rentiate between the total amounts present and 
the amounts that arc not stored ill approved storage cabi- 
nets or salbl+' cans. Fur lher ,  l l imnnablt  + and cotnbustil)Ic 
liqttids in s torage  r o o m s  l ' t l c e t i t l g  the r e q u i r e l n c l l t S  oI" 
N Ft'A 30, I"/annnah/e dtld (:o/tllHt.sl/[~/e l,iquul+ C(ule, arc disre- 
garded.  

D-3.2 As sh<)wtl in Table  2-2, maximt tm quantit ies of  liq- 
uids di t ter  by it t~tctor of  2, d e p e n d i n g  on the presence  or  
absence of  imt<muttic spr inkler  protect ion (or equivalent  
protection).  

D-3.3 T h e  a rea  o f  tit( + l abo ra to ry  unit ++ill es tabl ish 
v, 'hcthcr or  not the quanti t ies <)l(:lass I and (]ass I, II, aild 
I l i A  liquids actttallv present  excec'd the m;tximunt limits 
spet:ilied in Tabh' 2'-2. 

D-3.4 The c<)nstruction reqt t i renwnts  in Table 3-I will 
establish whe the r  the itctual lal)oratorv unit separat ion is 
app rop r i a t e  lbr the laboratory ttnit fire hazard class and 
SIZe. 

D-4 Correcting Nonconforming Laboratory Units. 

D-4.1 T h e  simplest, most obvious means  of  handl ing  ,t 
n(mc(maplying labot-,m)rv unit is to reduce  the quanti t ies of  
t t ammable  and ctmtbtt~,tiblc l iquids  present .  Th is  may 
involve moving  some liquids to an inside storage room,  btit 
the chances are th,tl it surpr is ing i tmOt l l t l  el' such liquids 
are not in fieqtmnt use and may even be of no value ;tl all. 
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D-4.2 The most difficult problem to thee is noncompli- 
ance with Table 3-1. For example, assume that a flamma- 
ble liquids survey indicates a Class A unit. Further, assume 
tbat the building is Type I[ construction, with tire parti- 
tions of l -hr  construction. However, the laboratory unit is 
6000 sq tt (= 560 m2). If the laboratory t, nlt is protected by 
a sprinkler system, then it complies with Table 3-1. But, if 
no sprinklers are present, the laboratory unit must be des- 
ignated (;lass B and the quantities of ttammable and com- 
bustible liquids adjusted accordingly. An alternate method 
would be to replace one or more nontire rated partitions 
with fire rated construction to divide the single laboratory 
unit into two or more laboratory units. In effect, this is 
what was done to Figure D-2(c) 1o produce Figure D-2(d). 

D-5 New Construction.  In new construction, the labora- 
tory designer should determine the intended use of each 
laboratory work area and intended storage levels of Class I, 
II, and I l iA liquids. Then,  based on this intbrmation and 
desired space requirements ,  he/she can determine the 
probable laboralory unit tire hazard class, allowable area 
(as specified in Table 3-1), and construction requirements. 
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