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N O T I C E  

All questions 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 Commi t t ee  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 In ter 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 ,  Nat ional  Fire 
Protect ion Association,  1 Bat te rymarch  Park, P.O. Box 9101, Quincy, M A  02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulat ions 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- 
cable laws and this document  may not be construed as do ing  so. 

Pol icy  A d o p t e d  by  N F P A  Board  of Direc tors  on  D e c e m b e r  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 more 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  tbr 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.  

L i c e n s i n g  P r o v i s i o n  - -  This  document  is copyrighted by the Nat ional  Fire Protect ion Association 
(NFPA). 

1. A d o p t i o n  by  Reference  - -  Public authori t ies  and others are urged to reference this document  in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and changes 
desired by the adopt ing  author i ty  must  be noted separately. Those us ing this method are requested to notify 
the NFPA (Attention: Secretary, Standards  Council)  in wri t ing of such use. The  term "adopt ion  by reference" 
means  the ci t ing of title and publ ishing in tormat ion  only. 

2. A d o p t i o n  by  T r a n s c r i p t i o n  - -  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 pr int  and  republ ish this document  in whole or in part,  with changes and addit ions,  if any, 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 conta ined in each law and in each copy thereof, 
and, (2) that such pr int 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 Standard  has been adopted into law, all pr in t ings  
of this document  by public authori t ies  with l awmaking  or ru l emak 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 ,  wi th  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 volunteers in cont inual ly  upda t ing  and revis ing 
NFPA standards. Under  certain circumstances,  public authorit ies with l awmaking  or ru lemaking  powers may 
apply for and  may receive a special royalty when the public interest will be served thereby. 

3. Scope of L i c e n s e  Grant  - -  T~e  terms and condit ions set tbrth above do not extend to the index 
to this document .  

(For further  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.) 

S t a t e m e n t  on  N F P A  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  Commit tees  having  balanced 
representat ion.  Whi le  these procedures assure the highest degree of care, nei ther  the Nat ional  Fire Protect ion 
Association,  its members ,  nor  those par t ic ipa t ing  in its activities accepts any l iabil i ty resul t 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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E r r a t a  

N F P A  3 0B 

Aerosol  Products  

1990 Edition 

Reference: 1-7, Figures 4-1 and 4-2; Tables 4-1, 4-2, 4-5, and 4-6; 4-7.1, 4-7.2, and 
5-2.4; Figure A-2 

T h e  Commi t t ee  on Aerosol Products  notes the following editorial correct ions and correct ions 
of  e r rors  in NFPA 30B, Code for the Manufacture and Storage o f  Aerosol Products, 1990 
edition. Please note that  this e r ra ta  supersedes  the previous e r ra ta  issued on May 30, 1991. 

I. In 1-7, first sentence, the reference should read " . . .  given in 1-7.1 t h rough  1 -7 .5 . . .  " 

2. In Tables 4-1 and 4-2, the first note should read "All fire tests on which this table is based - 
were conduc ted  with s tandard  spray,  la rge-drop ,  or  ESFR sprinklers.  This  does not include 
s tandard  spray or l a rge-drop  spr inklers  equ ipped  with quick response  links." 

3. In Figure 4-1, Note  3 should read "Distance between t ransverse  flues shall be no more  
than 6 ft (1.8 m)." 

4. Figure 4-2, the caption should read " In - rack  spr inkler  a r r a n g e m e n t  for mul t ip le- row 
racks, Level 2 and  Le/vel 3 aerosol  products ."  

5. In Table 4-5, under  the column headed "Ceiling Demand",  delete the ")". 

6. In Table 4-5, under  "In-Rack Sprinkler  Arrangement" ,  the last sentence should read "For  
mul t ip le-row rack storage,  refer  to Figure 4-1 where  distance between t ransverse  flues does 
not  exceed 6 ft (1.8 m); refer  to Figure 4-2 where  distance between t ransverse  flues exceeds 
6 ft (1.8 m). See Note."  

7. In Table 4-5, under  the column headed "In-Rack Sprinkler  Demand",  in i tem (2), change 
the word "sevels" to "levels". 

8. In Table 4-5, under  "Clearance: Storage to Spr ink lers"  the second sentence should read 
" I f  clearance exceeds 15 ft (4.6 m), a ba r r i e r  with face sprinklers  below is requi red ."  

9. In Table 4-5, Note  (at the bot tom o f  the table), both the first and second sentences should 
be deleted, so that the Note reads: "Provide  at least 6 in. (150 ram) between spr inkler  
deflectors and  top of  s torage in tier." 

10. In Table 4-6, under  "Level", a new entry should be added in the same row as the second 
entry under  "In-Rack Sprinkler Arrangement" .  This new entry should read "3 - M a x i m u m  
Ceiling Height:  30 ft (9 m)". 

(Continued) 



11. In Table 4-6, under "In-Rack Sprinkler Arrangement" change the first entry to read 
" . . .  and  on  face o f  each tier excep t  top tier." Change the second entry to read " . . .  For  
m u h i p l e - r o w  racks, refer  to F igure  4-2." 

12. In Table 4-6, the third entry under "Clearance: Storage to Sprinklers" should read 
" M o r e  than  15 ff (4.6 m) o r  m o r e  than 5 ft (1.5 in) whe re  bar r ie rs  are  used."  

13. In Table 4-6, under "Ceiling Demand", the density in the third entry should be 0.3, no t  
0.60. Also, the second sentence should read " . . above  top tier o f  s t o r a g e . . .  ". The fourth 
and fifth entries should read "0.60 gpm/f f  ~''. 

14. In Table 4-6, delete the Note at the bottom of  the table. 

15. In 4-7.1, 4-7.2, the Exception to 4-7.2, and 5-2.4, change the word " r o o m s "  to "areas" .  

16. Revise Figure A-2 as shown. 

No 
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Is the percentage of flammable I Yes 
material in the base product I greater than 25%? 

I I Is the flammable Is the propellant material in base 
flammable? 

IV 
Is the percentage 
of propellant to 
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by weight greater 
than or equal to 
5O%? 
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8O%? 
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I 
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of propellant to 
container content 
by weight greater 
than or equal to 
5O%? 

Is the flammable 
material in base 
product greater 
than or equal to 
85%? 

Figure  A-2 Decis ion tree for d e t e r m i n i n g  level c lass i f icat ion o f  aerosol  p roduc t s .  
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NFPA 30B 

Code for the 

Manufacture and Storage of  Aerosol Products 

1990 Edit ion 

This edition of N FPA 30B, Code for the Manufacture and Storage of Aersol Products, was 
prepared by the Technical Committee on Aerosol Products, released by the Correlating 
Committee on Flammable Liquids, and acted on by tile National Fire Protection Associ- 
ation, Inc. at its Annual Meeting held May 21-24, 1990 in San Antonio, TX. It was issued 
by the Standards Council on July 20, 1990, with an effective date of August 17, 1990. 

The 1990 edition of this document  has been approved by the American National 
Standards Institute. 

Origin and. Deve lopment  o f  NFPA 30B 

Prior to the adoption of this 1990 edition of N FPA 30B, Code for the Manufacture and 
Storage of Aerosol Products, fire protection requirements for the storage of flammable 
aerosols were set forth in NFPA 30, Flammable and Combustible Liquids Code, where they 
were treated as Class IA flammable liquids. During the late 1970s and early to mid 
1980s, both because of actual fire incidents and full-scale fire testing, it became apparent  
that flammable aerosol products presented a severe fire challenge. Industry initiatives 
led to fi~rther full-scale fire testing and, eventually, to the establishment of an NFPA 
Technical Comlnittee Project specifically directed at providing fire protection guidance 
for both manufacturing facilities and storage facilities. 

The Technical Committee on Aerosol Products began its work in January,  1988. The 
committee formed two task groups, one on manufacturing and another on storage, to 
draft the technical language of tbis document. The results of tile intense efforts of tile 
two task groups are incorporated into this document.  
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NFPA 30B 

Code for the 

Manufacture and Storage 

of  Aerosol Products 

1990 Edition 

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

Information on referenced publications can be found in 
Chapter 7 and Appendix F. 

Chapter 1 General 

1-1 Scope. 

1-1.1 This  code shall apply to the manufac ture ,  storage, 
and  display of aerosol products  as here in  defined.  

1-1.2" This  code shall no t  apply to the manufac ture ,  stor- 
age, and  display of  aerosol products  that conta in  only a 
nonf l ammab le  base p roduc t  and  a nonf l ammable  propel-  
lant. 

1-1.3 This  code shall not  apply to the storage and  display 
of  conta iners  whose contents  are compr ised  entirely of  LP- 
Gas products .  (See NFPA 58, Standard for the Storage and 
Handling of Liquefied Petroleum Gases.) 

1-2" Purpose .  T h e  purpose  of  this code is to provide  
m i n i m u m  requ i remen t s  for the p reven t ion  a n d  control  of  
fires and  explosions in facilities that manufac ture ,  store, or  
display aerosol products .  

1-3 Equiva lency .  No th ing  in this code is i n t ended  to pre-  
vent  the use of  systems, methods ,  or  devices of  equiva lent  
or  superiot~ quality, s t rength,  fire resistance, effectiveness, 
durabil i ty,  and  safety over  those prescr ibed by this code, 
p rov ided  technical  d o c u m e n t a t i o n  is s u b mi t t ed  to the 
author i ty  having jur isd ic t ion  to demons t r a t e  equivalency 
and  the system, method ,  or  device is approved  for the 
in t ended  purpose .  

1-4" Retroact ivi ty.  T h e  provisions of  this code are con- 
s idered necessary to provide  a reasonable  level of protec- 
tion from loss of  life and  proper ty  fi'om fire and  explosion.  
They  reflect si tuations and  the state of the art  at the t ime 
the code was issued. Unless  otherwise  no ted ,  it is no t  
i n t ended  that the provisions of  this code be appl ied to facil- 
ities, equ ipmen t ,  s tructures,  or  installations that were exist- 
ing or  approved  for cons t ruct ion  or installat ion pr ior  to 
the effective date  of  the code, except in those cases where  
it is d e t e r m i n e d  by the author i ty  having jur isd ic t ion  that 
the exist ing si tuation involves a distinct hazard to life or  
adjacent  proper ty .  

1-5 Applicability. 

1-5.1 Chapters  2, 3, and  6 shall apply to facilities or por-  
tions of facilities that  manufac tu re  aerosol products ,  includ-  
ing gas-filling, product-f i l l ing,  and  packaging operat ions.  

1-5.2 Chapters  2, 4, and  6 shall apply to facilities or por-  
tions of  facilities that store aerosol products ,  such as stor- 
age areas, storage rooms, and  warehouses.  

1-5.3 Chapters  2, 5, and  6 shall apply to the storage and  
display of  aerosol products  in mercant i le  occupancies.  

1-6 Definitions. 

Aerosol.* A produc t  that  is d ispensed from an  aerosol 
con ta iner  by a propel lant .  

Aerosol Container.* A metal can, up  to a m a x i m u m  
size of 1000 ml (33.8 fl oz), or  a glass or plastic bottle, up  
to a m a x i m u m  size of  4 fl oz (118 ml), that is des igned and  
i n t ended  to dispense an aerosol. 

Approved. Acceptable to the "author i ty  having jur i s -  
diction." 

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 
installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The autfior- 
ity having jurisdiction may also refer to the listings or label- 
ing 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  "author i ty  having 
j u r i s d i c t i o n "  is the  o r g a n i z a t i o n ,  office or  i n d i v i d u a l  
responsible  for "approv ing"  equ ipmen t ,  an installat ion or  a 
p rocedure .  

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 
department, building official, electrical inspector, or others 
having statutory authority. For insurance purposes, an 
insurance inspection department, rating bureau, or other 
insurance company representative may be the "authority 
having jurisdiction." In many circumstances the 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." 

Back Stock Area. T h e  area of  a mercant i le  occupancy 
that is physically separated from the sales area and  not  
normal ly  accessible to the public. 

Base Product.* T h e  contents  of  an aerosol con ta ine r  
exc luding  the propel lant .  
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Basement. A story of  a building or structure having 
one-half  or  more of  its height below ground level and to 
which access for fire fighting purposes is unduly restricted. 

Bonding. The process of connecting two or more con- 
ductive objects together  by means of a conductor.  

Carton. A cardboard  or f iberboard box that encloses a 
product .  

Combust ib le  Liquid.  A liquid having a flash point at or  
above 100°F (37.8°C). 

Combustible liquids shall be subdivided as follows: 

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

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

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

(See NFPA 321, Standard on Basic Classification of Flamma- 
ble and Combustible Liquids, for further information on flash 
point test procedures.) 

Early Suppression Fast Response (ESFR) Sprinklers. 
A type of fast-response sprinkler  listed for its capability 
to provide fire suppression of  specific high challenge fire 
hazards. 

Encapsulated. A method of  packaging consisting of a 
plastic sheet completely enclosing the sides and top of  a 
pallet load containing a combustible commodity  or a com- 
bustible package or a group of combustible commodit ies or 
combustible packages. Totally noncombustible commodi-  
ties on wood pallets enclosed only by a plastic sheet as 
described are not considered to fall under  this definition. 
Banding, i.e., stretch wrapping around the sides only of  a 
pallet load, is not considered to be encapsulated.  The  term 
encapsulated does not apply to individual plastic-enclosed 
items inside a large, nonplastic enclosed container.  

Fire Area. An area of  a building separated from the 
remainder  of the building by construction having a fire 
resistance rating of at least one hour  and having all com- 
municating openings proper ly  protected by an assembly 
having a fire protection rating of  at least one hour. 

F lammable  Liquid.  A liquid having a flash point  below 
100°F (37.8°C) and having a vapor  pressure not exceeding 
40 psia (2068 mm Hg) at 100°F (37.8°C) shall be known as 
a Class I liquid. 

Class I liquids shall be subdivided as follows: 

Class IA liquids shall include those having flash points 
below 73°F (22.8°C) and having a boil ing point  below 
100°F (37.8°C). 

Class IB liquids are those having flash points below 73°F 
(22.8°C) and having a boiling point  at or  above 100°F 
(37.8°C). 

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

(See NFPA 321, Standard on Basic Classification of Flamma- 
ble and Combustible Liquids, for farther information on flash 
point test procedures.) 

Flammable  Propel lant .  (See definition of Propellant.) 

Grounding (Earthing). The process of connecting one 
or  more conductive objects to the ground.  A specific form 
of bonding.  

Immiscible .  Not capable of forming a solution or dis- 
persion with another  component .  

Mercantile Occupancy .  A building or structure,  or any 
port ion thereof, used for the display, sale, and purchase of  
goods, wares, and merchandise.  

Miscible.* Capable of  forming a solution or  dispersion 
with another  component .  

Propellant.* The  liquefied or  compressed  gas that  
expels the contents from an aerosol container when the 
valve is actuated. A propel lant  is considered flammable if it 
can form flammable mixtures with air or if a flame is self- 
propagat ing  in a mixture of  the propel lant  and air. 

Protection for Exposures. Fire protect ion for struc- 
tures on proper ty  adjacent  to an aerosol product  manufac- 
tur ing or  storage facility. Fire protection for such struc- 
tures shall be acceptable when located ei ther within the 
jur isdict ion of any public fire depa r tmen t  or adjacent  to 
plants having private fire brigades capable of  providing 
cooling water streams on the adjacent  property .  

Rack. Any combinat ion  of  vertical,  horizontal ,  and  
diagonal  structural  members  that suppor t  stored materials 
or commodities.  (For additional information, see NFPA 23 I C, 
Standard for Rack Storage of Materials.) 

Sales Display Area. The  area of a mercanti le  occu- 
pancy that is open to the public for the purpose  of  viewing 
and purchasing goods, wares, and merchandise.  Individu- 
als are free to circulate among the items, which are typi- 
cally displayed on shelves, racks, or on the floor. 

Separate Inside Storage Area. A room or  bu i ld ing  
used for the storage of  aerosol products  and separated 
from other  occupancies. Such areas may include: 

Inside Room. A room totally enclosed within a building 
and having no exterior  walls. 

Cut-Off Room. A room within a building having at least 
one exterior  wall. 

Attached Building. A building having only one common 
wall with a building having other  occupancies. 

Fenced Enclosure. A segregated area meeting the require- 
ments of 4-8.2.2. 

Shall. Indicates a mandatory  requirement .  

Shelf Storage. Storage on structures that are less than 
30 in. (0.75 m) deep,  with shelves usually 24 in. (0.6 m) to 
36 in. (0.9 m) apar t  vertically and seldom exceeding 15 ft 
(4.5 m) in total height. 

Should. Indicates a recommendat ion  or  that which is 
advised, but not required.  
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S o l i d  S h e l v i n g .  Shelving that is solid, slatted, or of 
other  construct ion,  that is located in racks, and that 
obstructs sprinkler discharge down into the racks 

U n s t a b l e  L iqu id .  A liquid that, in the pure state or as 
commercially produced or t ransported,  will vigorously 
polymerize, decompose, undergo condensation reaction, 
or will become self-reactive unde r  conditions of shock, 
pressure, or temperature.  

W a r e h o u s e .  

General-Purpose Warehouse. A detached building or a 
separate portion of a building used only for warehousing- 
type operations involving mixed commodities. 

Aerosol Warehouse. A detached building or a separate 
portion of a building used for the storage, shipping, and 
receiving of aerosol products. 

1-7" C l a s s i f i c a t i o n  o f  A e r o s o l  P r o d u c t s .  Aerosol prod- 
ucts shall be classified as Level 1, Level 2, or Level 3 
according to the definitions given in 1-7.1 through 1-7.4 
and Table 1-7. Such classification shall be permitted to be 
based on data obtained from either a properly conducted, 
full-scale fire test utilizing a 12 pallet test array or from the 
Aerosol Flammability Test. (See Appendix B for information 
on the Aerosol Flammability Test.) 

1-7.1 Level 1 aerosol products  are those whose base 
products contain up to 25 percent by weight of materials 
with flash points of 500°F (260°C) or less. 

1-7.2 Level 2 aerosol products are those: 

(a) Whose base products contain more than 25 percent 
by weight of water-miscible materials with flash points of 
500°F (260°C) or less, or 

(b) Whose base products contain more than 25 percent, 
bu t  not  more  than  55 percent ,  by weight of water- 
immiscible materials with flash points of 500°F (260°C) or 
less. 

1-7.3 Level 3 aerosol products are those: 

(a) Whose base products contain more than 55 percent 
by weight of water-immiscible materials with flash points of 
500°F (260°C) or less, or 

(b) Whose flammable propellant equals or exceeds 80 
percent of the net weight of the container contents. 

1-7.4 In any case where a flammable propellant equals or 
exceeds 50 percent of the net weight of the container con- 
tents, the classification shall be raised to the next higher 
level. 

1-7.5 In any case where the propellant is nonflammable 
and less than 85 percent of the net weight of the base 
product is flammable and water-miscible~ the classification 
shall be Level 1. 

Table 1-7 Classification of  Aerosol Products 

If  Percentage of  And 
Flammable Material in Percentage of  Flammable Then 

Base Product Is: Propellant Is: Level Is: 

-<25% 0%* 1 
-<25% < 50% 1 
-<25% >- 50% but < 80% 2 

< 85% and water-miscible 
> 25% and water-miscible 
> 25% and water-miscible 
>25% but -<55% and water- 

immiscible 
>25% but -<55% and water- 

immiscible 
> 25% but -<55% and water- 

immiscible 

0%* 1 
< 50% 2 
>-50% 3 

0% 2 

< 50% 2 

>- 50% 3 

> 55% and water-immiscible 0% to 100% 3 
any % >- 80% 3 

*i.e., propellant is nonflammable. 
NOTE 1: The base product is defined as the contents, excluding the propellant. A base product component is con- 

sidered flammable if its flash point is below 500°F (260°C). The percentage of flammable material in the 
base product is calculated as follows: 
% Flammable = weight of flammable base components × 100 

Material (wt. ot contents - wt. ol propellant) 
NOTE 2: Thepercentage of flammable propellant is its proportion of the total contents, by weight. Any 

nonflammable portion (see Propellant at 1-6) of a propellant blend is not includedin the calculation. The 
percentage is calculated as follows: 
% Flammable = weight of flammable propellant components x 100 

Propellant weight ot contents 

1990 Edition 



30B-8 MANUFACTURE AND STORAGE OF AEROSOL PRODUCTS 

Chapter 2 Basic Requirements 

2-1 Site Requirements. Dis tances  be tween  bu i ld ings  
used for the manufacture or  storage of  aerosol products  
and adjacent buildings or p roper ty  lines that are or can be 
built upon shall be based on sound engineer ing principles. 

2-2 Building Construction. 

2-2.1 Openings in fire walls or fire barr iers  shall be kept  
to a minimum. All openings (i.e., personnel  doorways, duct- 
work, conveyor line, etc.) shall be protected with auto- 
matic closing or  self closing fire doors or  dampers .  Fire 
doors shall be installed in accordance with NFPA 80, Stan- 
dard for Fire Doors and Windows. Fire damper s  shall be 
installed in accordance with manufacturer ' s  instructions 
and NFPA 90A, Standard for the Installation of Air Condition- 
ing and Ventilating Systems. 

2-2.2 Means of egress shall comply with applicable provi- 
sions of  NFPA 101,® Life Safety Code. ® The design and con- 
struction of  conveyor lines and other  physical obstacles, 
such as in the flammable propel lant  charging and pump  
rooms, shall not allow en t rapment  of personnel  and shall 
provide for direct  access to exits. 

2-3 Electrical Installations. 

2-3.1 All electrical equipment  and wiring, including heat- 
ing equipment ,  shall be installed in accordance with NFPA 
70, National Electrical Code. ® Electrical equipment  and wir- 
ing in areas where flammable liquids or  flammable gases 
are handled  shall meet the addit ional  requirements  of Arti- 
cles 500 and 501 of NFPA 70, National Electrical Code. 

2-3.2 Aerosol product  storage and display areas shall be 
considered unclassified for purposes  of  electrical installa- 
tion. 

2-4 Heating Equipment. Heat ing  equ ipmen t  shall be 
installed in accordance with the applicable requirements  of  
NFPA 31, Standard for the Installation of Oil Burning Equip- 
ment, NFPA 54, National Fuel Gas Code, or NFPA 58, Stan- 
dard for the Storage and Handling of Liquefied Petroleum Gases. 

2-5 Flammable Liquids and Gases. Areas in which flam- 
mable liquids and flammable gases are  handled  or  stored 
shall meet the applicable requirements  of  NFPA 30, Flam- 
mable and Combustible Liquids Code, and NFPA 58, Standard 
for the Storage and Handling of Liquefied Petroleum Gases. 

2-6 Fire Protection. 

2-6.1 Automatic Sprinkler Protection. Where  provided,  
automatic sprinklers shall be installed in accordance with 
NFPA 13, Standard for the Installation of Sprinkler Systems, 
and shall also meet applicable requirements  of  NFPA 231, 
Standard for General Storage, NFPA 231C, Standard for Rack 
Storage of Materials, and the provisions of  this code. 

2-6.2 Standpipe and Hose System. Where  p rov ided ,  
s tandpipe and hose systems shall be designed and ins t a l l ed  
in accordance with NFPA 14, Standard for the Installation of 

Standpipe and Hose Systems, and with the provisions of  this 
code. Only combinat ion or  spray hose nozzles shall be 
used. 

2-6.3 Portable Fire Extinguishers. Fire ext inguishers  
shall be provided in accordance with NFPA 10, Standard for 
Portable Fire Extinguishers. 

2-6.4 Water Supplies. 

2-6.4.1 In addit ion to the water supply requirements  for 
automatic sprinkler  systems, a minimum water supply of  
500 gpm (1900 L/min) shall be provided  for combined 
inside and outside hose streams for buildings that are pro- 
tected th roughou t  by an automatic  spr inkler  system or  
1000 gpm (3800 L/min) for buildings that are not sprin- 
klered. The  water supply shall be sufficient to provide the 
required hose stream demand  for a min imum durat ion of  
two hours. The  water supply system shall be designed and 
instal led in accordance  with NFPA 24, Standard for the 
Installation of Private Fire Service Mains and Their Appurte- 
nances. 

Exception: As modified by the provisions of this code. 

2-6.4.2 Where  provided,  fire pumps  and tanks shall be 
installed in accordance  with NFPA 20, Standard for the 
Installation of Centrifugal Fire Pumps, and NFPA 22, Standard 
for Water Tanks for Private Fire Protection. 

2-7 Fire Alarms. 

2-7.1 W h e r e  p r o v i d e d ,  fire a l a r m  sys tems shall  be 
installed, tested, and maintained in accordance with appli-  
cable requirements  of the following: 

(a) NFPA 70, National Electrical Code, Article 760. 
and 

(b) NFPA 72E, Standard on Automatic Fire Detectors. 
and 

(c) (1) NFPA 71, Standard for the Installation, Maintenance, 
and Use of Signaling Systems for Central Station Service. 

OF 
(2) N FPA 72, Standard for the Installation, Maintenance, 

and Use of Protective Signaling Systems. 
and 

NFPA 1221, Standard for the Installation, Maintenance, and 
Use of Public Fire Service Communication Systems. 

2-7.2 Where  provided,  manual  fire alarm stations shall be 
installed in the natural  path of  escape near  each required 
exit. 

2°7.3 Opera t ion  of  an alarm system shall control  the fol- 
lowing: 

(a) Release of  hold-open devices for fire doors;  

(b) Ventilation systems, as de te rmined  necessary for life 
safety or  firesafety. 

Chapter 3 Manufacturing Facilities 

3-1 Scope. This chapter  shall apply to the manufacture 
of  aerosol products.  The  hazards relative to each manufac- 
tur ing operat ion will depend  on the flammability of  both 
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the base product ,  which may be a flammable material,  and 
the propel lant ,  which is often a liquefied pet ro leum gas. 
The  hazards involved in handl ing flammable propel lants  
are widely recognized. Addit ional  information on the prop-  
erties of  liquefied pe t ro leum gases, including safe handl ing 
and storage, may be found in NFPA 58, Standard for the 
Storage and Handling of Liquefied Petroleum Gases. The  base 
products  range from water-based solutions to flammable 
liquids. Addit ional  information on the handl ing and stor- 
age of  flammable and combustible liquids may be found in 
NFPA 30, Flammable and Combustible Liquids Code. (See also 
Appendix A-l-2.) 

3-2 Definitions.  For the purposes  of  this chapter ,  the fol- 
lowing terms shall have the definitions given below. 

Base Product Filler (Concentrate Filler). A machine 
used to fill the aerosol container  with the base product  
pr ior  to addi t ion of  the propellant .  

Button Tipper (Actuator Placer). The  machine that 
places the valve actuator (spray tip) onto the aerosol con- 
tainer after the base product  has been added.  This opera-  
tion sometimes releases small quantities of the container  
contents to the atmosphere.  

Local Ventilation. A ventilation system whose exhaust  
inlet is located close to the point  of  vapor  release so as to 
remove the vapor  from as close to its point  of  release as is 
practical. 

Propellant Charging Room (Gas House, Gassing 
Room). A room in which the propel lant  is added  to the 
aerosol containers.  

Propellant Filler (Gasser, Propellant Charger). A 
machine that adds the propel lant  to the aerosol container.  
Typically, it is one of  two types: one adds the propel lant  
through the cr imped valve assembly, the o ther  adds the 
prope l lan t  a round  the unc r imped  valve assembly. The  
propel lant  may be a liquid or  a gas dur ing  this filling oper-  
ation. 

Propellant Charging Pump (Charging Pump). A 
pump used to boost the liquid propel lant  to the pressure 
required by the propel lant  filler, usually 300 to 1200 psi 
(2070 to 8280 kPa). Tank farm transfer pumps  normally 
supply the suction side of  the propel lant  charging pump at 
pressures of  15 to 100 psi (100 to 690 kPa) above the pro-  
pellant 's vapor  pressure.  

Pump Room. A room outside the propel lan t  charging 
room in which flammable propel lant  charging pumps  and,  
in some cases, vacuum pumps  are located. 

Reject Container Receptacle. A receptac le  used to 
store scrap, partially filled, or fully filled aerosol containers 
pr ior  to disposal. 

Test Bath (Hot Tank, Water Bath). A water tank, usu- 
ally heated,  in which pressurized aerosol containers are 
tested by submersion in water. The  test may be required by 
the U.S. Depar tment  of Transpor ta t ion  (Title 49, Code of 
Federal Regulations) to verify conta iner  s t rength and to 
detect leaks. Usually, the containers are heated to attain a 
pressure that is equal to the product ' s  pressure at an equi- 
l ibrium temperature .  

Vacuum Pump. A p u m p  used to evacuate the head 
space (above the base product)  of  an aerosol container  
pr ior  to addit ion of  the propellant .  

Valve Crimper (Crimper). A machine that  seals the 
valve cup or valve ferrule to the aerosol container.  

3-3 Basic Requirements. 

3-3.1 Manufacturing buildings shall be located at least 25 
ft (8 m) from the nearest  p roper ty  line that is or  can be 
built upon.  

3-3.2 Flammable propel lant  storage tanks shall be located 
in accordance with the provisions of  NFPA 58, Standard for 
the Storage and Handling of Liquefied Petroleum Gases. 

3-3.3 Flammable and combustible liquids shall be s tored 
in accordance with the provisions of  NFPA 30, Flammable 
and Combustible Liquids Code. 

3-3.4 Flammable propel lant  charging and pump  rooms 
shall be separated from adjacent  buildings or  structures by 
noncommunicat ing walls or by a distance of  at least 5 ft 
(1.5 m) and from inside areas by noncommunicat ing walls. 
Flammable propel lant  charging and pump  rooms shall be 
separated from flammable propel lant  storage tanks and 
from flammable and combustible liquids storage by a dis- 
tance of at least 25 ft (8 m). 

3-4" Building Construction. 

3-4.1 Buildings or structures involved in the manufactur-  
ing of  aerosol products  shall have no basement  or  any 
space below the finish floor of the g round  level. 

Exception: Subject to the approval of the authority having juris- 
diction, basements or below ground level areas are acceptable, 
provided they are ventilated at a minimum flow rate of one cfm per 
square f i  (0.3 m 3 per rain per m 2) of floor area and provided the 
nearest entrance or access point is located at least 50 f t  (15.1 m) 
in any direction from the nearest point of the gas house. 

3-4.2 Flammable propel lan t  charging operat ions shall be 
limited to the g round  floor. 

3-4.3 Flammable propel lant  charging and pump  rooms 
shall be classified as High Hazard  Areas, as defined by 
NFPA 101, Life Safety Code. 

3-4.4 The  walls and roof  of  f lammable propel lan t  charg- 
ing and pump  rooms shall be of  damage-l imit ing construc- 
tion, except for required deflagrat ion vents. (See also 3-4.5.) 

3-4.4.1 The  walls, roof, and all structural  members  shall 
be designed to withstand a static pressure  of  at least five 
times the release pressure  of  the deflagrat ion vent closure, 
but  in no case less than 100 psf  (4.8 kPa). 

3-4.5 Deflagration venting shall be provided for the fol- 
lowing areas: 
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(a) Flammable propellant charging rooms; 

(b) Flammable propellant pump rooms; 

(c) Areas in which Class IA liquids or unstable liquids 
are handled. 

Exception: In existing facilities where sufficient deflagration 
venting cannot be installed, an explosion suppression system that 
meets the requirements of NFPA 69, Standard on Explosion Pre- 
vention Systems, shall be installed. 

(See NFPA 68, Guide for Venting of Deflagrations, for infor- 
mation on the deszgn and sizing of vents and vent closures.) 

3-4.5.1 Deflagration vents shall relieve to a safe location. 

3-5 Ventilation. 

3-5.1 Mechanical exhaust ventilation shall be provided 
for flammable concentrate filling areas and for flammable 
propellant charging and pump rooms in accordance with 
3-5.2 or 3-5.3, as applicable. Ventilation systems shall 
include exhaust systems and make-up air systems. (For fur- 
ther information, see NFPA 91, Standard for the Installation of 
Blower and Exhaust Systems for Dust, Stock, and Vapor Removal 
or Conveying.) 

3-5.2 Mechanical exhaust ventilation provided for flam- 
mable propellant charging and pump rooms shall meet the 
following requirements: 

(a) The ventilation shall be nonrecirculating. 

(b) Make-up air shall be taken either directly from out- 
side or from areas of the building where flammable vapors 
are not present. 

(c) Air inlets and outlets shall be located so that air flows 
uniformly across the floor of the room. The bottom of the 
air inlets and oulets shall be no more than 6 in. (0.15 m) 
above the floor. 

(d)* Ventilation shall be determined according to the 
following formula, although in no case shall it be less than 
one air change per minute: 

CFM = (100-LEL)  (V) (R) 
(DL)(LEL) 

where 
CFM = required ventilation flow rate, cu ft per 

min; 
LEL = lower explosive limit of propellant, percent 

by volume; 
V = volume of vapor produced by one gallon of 

liquid propellant, cuf t ;  
R = estimate of the propellant lost dur ing  the 

normal filling operation, plus an additional 
20 percent  for occasional leaks, gal per 
min; 

DL = LEL design level. This is the maximum 
allowable vapor concentration, expressed 
as a percentage of the lower explosive 
limit, normally not more than 10 percent. 

Exception: When provided at all propellant fillers and subject to 
the approval of the authority having jurisdiction, local exhaust 
ventilation shall be permitted to replace up to 75 percent of the 
volumetric flow rate of the ventilation required by 3-5.2: 

(e) Emergency ventilation shall be automatically acti- 
vated at not more than 20 percent of the lower flammable 
limit. It shall be designed to provide 150 percent of the air 
flow rate determined in 3-5.2(d) or two air changes per 
minute, whichever is greater. 

(f) Exhaust discharge stacks shall be separated horizon- 
tally by at least 10 ft (3 m) from make-up air intakes and 
shall terminate at least 10 ft (3 m) above the roof and at 
least 3 ft (1 m) above any other building within 25 ft 
(7.6 m). (See NFPA 91, Standard for the Installation of Blower 
and Exhaust Systems for Dust, Stock, and Vapor Removal or 
Conveying, for further information.) 

(g) Exhaust ventilation air flow shall be suitably moni- 
tored to enable automatic shutdown of the propellant fill- 
ing line in event of failure of the ventilation system. 

(h) All fan blades utilized by the exhaust and make-up 
air systems shall be of spark-proof material. 

(i) The room shall be maintained at a negative pressure 
in relation to the ambient  air. 

3-5.3 Mechanical exhaust ventilation shall be provided 
for flammable base product filling areas. For areas that 
contain production operations likely to emit hazardous 
concentrations of flammable vapors, general area mechan- 
ical ventilation shall be provided at a min imum flow rate of 
1 cfm per sq ft (0.3 m s per min per m 2) of floor area. Ven- 
tilation shall be arranged to uniformly sweep the entire 
floor area. 

Exception: When provided at all of the foUowing areas and sub- 
ject to the approval of the authority having jurisdiction, local 
exhaust ventilation shall be permitted to replace up to 75 percent 
of the volumetric flow rate of the general area ventilation required 
by 3-5.3: 

(a) Base product filler; 

(b) Button tipper; 

(c) Valve crimper, 

3-5.4 Aerosol container test baths shall be enclosed and 
provided with exhaust ventilation. The ventilation flow 
rate shall be determined by the production rate of the test 
bath and shall be sufficient to maintain the atmosphere 
around the bath below the lower explosive limit under  nor- 
mal operating conditions. 

3-5.5 Local exhaust  ventilation shall be provided for 
reject aerosol container receptacles that are located within 
buildings. 

3-6 Electrical Equipment. 

3-6.1 Electrical equipment  and wiring in flammable pro- 
pellant charging and pump rooms shall be suitable for 
Class I, Division 1 locations. 

3-6.1.1 If the vacuum pumps for propellant charging are 
remotely installed (i.e., not in the charging room), the area 
within 5 ft (1.5 m) of the extremities of the pumps shall be 
classified as a Class I, Division 2 location. 
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3-6.2 Electrical equ ipment  and wiring in areas where 
flammable liquids are handled  shall be suitable for the clas- 
sification of the area, as defined in Table 5-3.5.3 of  NFPA 
30, Flammable and Combustible Liquids Code. [See also NFPA 
497A, Recommended Practice for Classification of Class 1 Haz- 
ardous (Classified) Locations for Electrical Installations in Chem- 
ical Process Areas, and NFPA 497M, Manual for Classification 
of Gases, Vapors, and Dusts for Electrical Equipment in Hazard- 
ous (Classified) Locations.] 

3-6.3 The  area enclosed by the test bath shall be classified 
as a Class I, Division 1 location. The  area within 5 ft (1.5 m) 
in all directions of  the hot tank shall be classified as a Class 
I, Division 2 location. 

3-7 Control of Static Electricity. All equipment  involved 
in the manufacture of  aerosol products  shall be suitably 
bonded  and grounded.  (See NFPA 77, Recommended Practice 
on Static Electricity, for further information.) 

3-8* Combustible Gas Detection Systems. Flammable  
propel lant  charging and pump  rooms shall be provided 
with an approved  gas detection system that is equipped 
with audible or  visible alarms. The  gas detection system 
shall be in te r locked  in accordance  with Section 3-13. 
Annunciat ion of the gas detection system alarm shall be 
within the charging and pump rooms and in nearby pro- 
duction areas. 

3-9 Automatic Sprinkler Protection. 

3-9.1" Flammable propel lant  charging and pump rooms 
shall be protected by either a wet-pipe or a deluge-type 
automatic sprinkler  system. The  system shall be designed 
to meet the requirements  of an extra-hazard,  Group II 
occupancy, as set forth in NFPA 13, Standard for the Instal- 
lation of Sprinkler Systems. 

3-9.1.1 Deluge systems shall be activated by an approved  
heat detection system. 

3-9.1.2 Wet-p ipe  spr inkler  systems shall use o rd ina ry  
tempera ture- ra ted  sprinklers. 

3-9.2 Production areas shall be protected by a wet-pipe 
sprinkler  system. The  system shall be designed for the 
highest level of aerosol product  manufactured.  

Exception: Storage of up to 2500 lb (1135 kg) of Level 2 or 
Level 3 aerosol products per production line or rework production 
line shall be permitted in production areas, such as in staging 
areas (e.g., awaiting transfer to a warehouse), provided they are 
stacked no more than one palletload high and there is no ware- 
house storage of aerosol products within 25 f i  (7.6 m) of the pro- 
duction line. All other storage shall be protected in accordance 
with Tables 4-1 through 4-6, as applicable. 

3-10 Fixed Extinguishing Systems. 

3-10.1 Where  automatic fire ext inguishing systems are 
provided to protect  product ion equipment ,  such as mixers, 

solvent tanks, or  fixed open containers,  such systems shall 
be designed and installed in accordance with the following, 
as applicable: 

NFPA 11, Standard for Low Expansion Foam and Combined 
Agent Systems, 

NFPA 11A, Standard for Medium and High Expansion Foam 
Systems 

NFPA 12, Standard on Carbon Dioxide Extinguishing Systems 

NFPA 12A, Standard on Halon 1301 Fire Extinguishing 
Systems 

NFPA 12B, Standard on Halon 1211 Fire Extinguishing 
Systems 

NFPA 16, Standard on Deluge Foam-Water Sprinkler and 
Foam-Water Spray Systems 

NFPA 17, Standard for Dry Chemical Extinguishing Systems 

3-10.2 Where  acceptable to the authori ty having jurisdic-  
tion, an automatic sprinkler  system shall be permi t ted  to be 
equipped for the injection of aqueous fi lm-forming foam 
(AFFF). Such systems shall be designed and installed in 
accordance with NFPA 11, Standard for Low Expansion Foam 
and Combined Agent Systems; NFPA 13, Standard for the Instal- 
lation of Sprinkler Systems; and NFPA 16, Standard on Deluge 
Foam-Water Sprinkler and Foam-Water Spray Systems. 

3-11 Spill Control. 

3-11.1 Drainage systems shall be provided to direct leaks 
and spills to a safe location. Curbs, scuppers,  or  special 
dra inage systems shall be permi t ted  to be used to control  
the spread of fire. (See Appendix A of NFPA 15, Standard for 
Water Spray Fixed' Systems for Fire Protection, for further infor- 
mation. Also, see 5-3.4 of NFPA 30, Flammable and Combustible 
Liquids Code.) 

3-11.2 If  dra inage systems are connected to public sewers 
or  discharge into public waterways, the drainage systems 
shall be equipped  with traps, separators,  or o ther  devices 
that will divert  flow to a safe location. 

3-12 Explosion Suppression Systems. 

3-12.1 An explos ion suppress ion  system mee t ing  the 
requirements  of  NFPA 69, Standard on Explosion Prevention 
Systems, shall be instal led in any f lammable  p rope l l an t  
charging room or  pump room where personnel  are per- 
mitted to enter  dur ing  propel lant  charging operations.  

3-12.2 Where  installed, an eng ineered  explosion sup- 
pression system shall meet the requirements  of  NFPA 69, 
Standard for Explosion Prevention Systems, and shall use 
detectors  that r espond  to radiant  energy or  ultraviolet  
light. Pressure detectors may also be used to back up radi- 
ant  energy or  ultraviolet light detectors. 

3-13 Equipment Interlocks. Equipment  shall be suitably 
inter locked so that  the condit ions listed in Table 3-13 
result in the associated automatic actions given. 
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Table 3-13 Equipment Interlocks 

Condition Automatic Action 
Detection of  20% of  
the lower explosive 
limit. 

Detection of 40% of 
the lower explosive 
limit 

Actuation of  protec- 
tive systems within 
the propel lant  charg- 
ing room or product  
fill area. 

Alarm activates. 
General  ventilation flow rate 
increases to that required by 
3-5~2(e). 
Audible alarm activates. Main 
propel lant  line shuts down. 
All equipment  in propel lant  
charging room shuts down. 
Vacuum pump(s) used in con- 
junct ion with aerosol can fill- 
ing shuts down. 
Automatic shut-down of  entire 
propel lant  charging line. 

3-14 Process Operating Requirements. 

3-14.1 Packaging and Conveyor System. Guide  rails, 
starwheels, can screws (worms), and other  parts of  the con- 
veying system shall be designed to minimize crushing and 
t ipping of  containers. Manual or  automatic devices shall be 
installed to stop packaging machinery and conveyors in the 
event of  a jam.  

3-14.2 Crimper Vacuum Pump Discharge Vent. The  
discharge vent for the cr imper  vacuum pump  shall termi- 
nate at a safe location outside, not less than 12 ft (3.7 m) 
above adjacent  g round  level. The  vent  out let  shall be 
located or  a r ranged  so that flammable gas or  vapor  will not 
be t r apped  by eaves or  o ther  obstructions and shall be at 
least 5 ft (1.5 m) from any building openings. 

3-14.3 Propellant Charging Equipment. 

3-14.3.1 The  propel lant  pump  and all equipment  subject 
to pressure from the pump  shall be suitable for the work- 
ing pressure of  the pump.  Pump discharge pressures shall 
not be limited. 

3-14.3.2 Vacuum pump  and propel lant  pump  discharge 
piping on any equipment  that handles flammable gases or  
liquids shall meet the following requirements:  

(a) The  discharge vent shall terminate at a safe location 
outside and at least 10 ft (3 m) away from any air intake. 

(b) The  vent shall terminate at least 10 ft (3 m) above 
the roof  and at least 3 ft (1 m) above the highest point  of  
any building within 25 ft (7.6 m). 

(c) Vent manifolds shall not be allowed. 

3-14.4 Flammable Liquid Propellant Pump. 

$-14.4.1 If  located inside a building, the propel lant  pump  
shall be located ei ther in the propel lant  charging room or  
in a separate pump  room having suitable ventilation, as 
described in Section 3-5. 

3-14.4.2 If  located outside, the propel lan t  charging pump  
shall be permit ted  to be located adjacent  to one wall of  the 
product ion facility or propel lant  charging room, but  in all 
cases shall meet the following requirements:  

(a) The  pump  shall be located at least 25 ft (7.6 m) from 
any opening  in the adjacent  wall. 

(b) The  pump shall be located at least 25 ft (7.6 m) in all 
directions from other  walls and buildings. 

(c) The  pump  shall be located at least 25 ft (7.6 m) from 
any area subject to vehicular travel or  from other  sources 
of  ignition. 

3-14.4.3 Pressure-conta ining metal parts  shall be con- 
structed of the following materials: 

(a) Steel; 

(b) Stainless steel; 

(c) Ductile (nodular) iron (ASTM A395 or  A536, grade  
60-40-18 or  65-45-12); 

(d) Malleable iron (ASTM A47); 

(e) Higher  strength grey iron (ASTM A48, Class 40B); 

(t) Brass; 

(g) Other  materials equivalent to any of  the above. 

3-14.4.4 Pressure-containing parts, plungers,  or  pistons 
shall not be constructed of  ceramic materials. 

3-14.4.5 Bypass r egu l a to r  bonne t  vents, safety re l ie f  
valves, and hydrostatic relief valves on equipment  located 
within buildings shall be vented to a safe location outside. 
Discharge vents shall terminate  at least 10 ft (3 m) above 
the roof  and at least 3 ft (1 m) above the highest point  of  
any bui lding within 25 ft (7.6 m). 

3-14.5 Test Baths. 

3-14.5.1 When test baths are heated,  they shall be heated 
with steam or hot  water. Open-f lame heaters  shall not  be 
used with Level 2 or  Level 3 aerosol products.  

3-14.5.2 Provisions shall be made to prevent  overheat ing 
and subsequent  rup tu re  of  containers,  should containers 
become lodged or  s t randed in the bath, 

3-15 Aerosol Product Laboratories. 

3-i5.1 Aerosol laboratories shall be considered as Class A 
laboratory units and,  as such, shall comply with NFPA 45, 
Standard on Fire Protection for Laboratories Using Chemicals. 

3-15.2 Tests for total discharge, rate of  spray, spray pat- 
tern, and net weight shall be conducted with p rope r  venti- 
lation. 

3-15.3 When the entire contents of  an aerosol container  
must be used to perform a test or the contents of  the con- 
tainer must be removed for internal  examinat ion of  the 
container,  the following precautions shall be taken: 

(a) The  container  shall be placed in a laboratory hood. 

(b) The  container  shall be grounded .  
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(c) The  container  shall be pierced with a nail or  punch,  
making as small a puncture  as possible. 

(d) Only one container at a time shall be punc tured  or  
sprayed. 

(e) When more than five containers are to be evacuated 
at any one time, the operat ion shall be conducted in the 
propel lant  charging room, outdoors,  or within equipment  
or facilities specifically designed for this purpose.  

3-15.4 When propel lant  filling equipment  is similar to 
that utilized within product ion operations,  the laboratory 
shall be considered to be a pilot plant  and shall meet the 
construction and ventilation requirements  of  Chapter  3 of 
this code. 

3-15.4.1 Cold-fi l l ing of  f lammable  p rope l l an t  shall be 
prohibi ted to p repare  aerosol samples for s tandard or  rou- 
tine evaluation. Cold-filling of  flammable propel lant  may 
be used to p repare  small numbers  of samples for special 
testing where alternative filling methods are impractical or  
cannot be used. 

3-15.4.2 Manual filling of  f lammable prope l lan t  in an 
aerosol l a b o r a t o r y  shall  be c o n d u c t e d  ins ide  a well- 
ventilated laboratory hood. 

Chapter 4 Storage in Warehouses  
and Storage Areas 

4-1 Basic Requirements. 

4-1.1 All cartons of  aerosol products  p roduced  after Jan-  
uary 1, 1992 shall be identified on at least one side with the 
classification of the aerosol products  contained therein, in 
accordance  with Section 1-7. Car tons  shall be clearly 
marked as follows: 

"Level Aersols" 

4-1.2 Cartons of aerosol products  that are not marked 
with the classification level shall be considered to be Level 
3 aerosol products.  

4-1.3 Fire re ta rdant  cartons shall not be considered an 
acceptable alternative to the protection requirements  of 
this chapter. 

4-1.4 Storage of  Level 2 and Level 3 aerosol products  
shall not be permit ted in basement  areas of warehouses. 

Exception: As provided for in Section 4-3. 

4-1.5 Level 1 aerosol products  shall be considered equiv- 
alent to a Class I I I  commodity,  as defined by NFPA 231, 
Standard for General Storage, and 231C, Standard for Rack 
Storage of Materials. 

4-1.5.1 Subject to the approval  of  the authori ty having 
jurisdiction, Level 2 aerosol products  in containers whose 
net weight of flammable contents is less than 1 ounce may 

be stored as Group  A plastics, as defined by NFPA 231, 
Standard for General Storage, and NFPA 231C, Standard for 
Rack Storage of Materials. 

4-1.6 Encapsulated storage of  Level 2 and Level 3 aerosol 
products  shall not be permit ted.  Stretch-wrap of aerosol 
containers in lieu of  cartons shall not be permit ted.  How- 
ever, s t re tch-wrapping of  cartons of aerosol products  shall 
be permit ted .  

4-1.7 Level 2 and 3 aerosol products  whose containers 
are designed to vent at pressures less than 210 psig shall 
not be stored. 

4-1.8 Noncombustible draft  curtains shall be installed as 
follows: 

(a) At the interface between the ESFR sprinkler  design 
area and the s tandard spray spr inkler  design area; and 

(b) At the interface between the design areas utilizing 
ord inary  sprinklers and h igh- tempera ture  sprinklers.  

The draft  curtains shall extend for a depth  of  6 ft (1.8 m) 
or  20 percent  of  the ceiling height, whichever is smaller. 

4-1.9 Mixed commodi ty  storage is permit ted  within or 
adjacent  to aerosol products  storage areas, except as lim- 
ited by the specific requirements  of this chapter .  

4-1.10 Storage of  idle or  empty  pallets shall meet  all 
applicable requirements  of  N FPA 231, Standard for General 
Storage. 

4-2 Fire Protection -- Basic Requirements. 

4-2.1 Where  required by this chapter ,  wet-pipe automatic 
sprinkler  protection shall be provided in accordance with 
Tables 4-I through 4-6. Protection shall be based on the 
highest level of aerosol product  present.  

4-2.2 Control  valves for in-rack sprinklers shall be pro- 
vided in accordance with NFPA 231C, Standard for Rack 
Storage of Materials. 

4-2.3 Where  provided,  11/2 in. hose connections, shall be 
installed in accordance with NPFA 231, Standard  for Gen- 
eral Storage, or NFPA 231C, Standard for Rack Storage of 
Materials, whichever is applicable. 

Exception: Subject to the approval of the authority having juris- 
diction, hose stations need not be installed in storage areas. 

4-2.4 Storage height and clearance requirements  between 
s torage  and sp r ink le r s  shall  comply  with Tab les  4-1 
through 4-6. 

4-2.5 Solid shelving that is installed in racks that contain 
Level 3 aerosol products  shall be protected in accordance 
with Table 4-6. Solid shelving that is installed in racks that 
contain Level 2 aerosol products  and that are protected by 
s tandard sprinklers shall also be protected in accordance 
with Table 4-6. Solid shelving shall not be installed in racks 
that are protected by a ceiling sprinkler  system that utilizes 
ESFR sprinklers.  
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Table 4-1 Arrangement and Protection of Palletized and Solid-Pile Level 2 Aerosol Storage* 

Max. Cei l ing  H t  (ft) 30 30 25 25 
M a x i m u m  Pile H t  (ft) 5 15 18 20 
S p r i n k l e r  1/2 in. o r  ESFR La rge  d r o p  ESFR 

17/32 in. 0 .64 in. 
T e m p .  Rat ing** H i g h  O r d i n a r y  O r d i n a r y  O r d i n a r y  
S p r i n k l e r  100 max.  80-100  80-100 80-100 

Spac ing  (ft 2) 

S p r i n k l e r  0 .30 g p m / f t  2 12 s p r i n k l e r s  15 s p r i n k l e r s  12 s p r i n k l e r s  
D e m a n d  ove r  2500  ft z a t  50 psi at  50 psi a t  50 psi 

Hose  S t r e a m  . . . . . . . . . . . . . . . .  See 2-6.4 
D e m a n d  (gpm)  

D u r a t i o n  (hr)  2 1 2 1 

* All fire tests on which this table is based were conducted with standard spray, large drop, or ESFR sprinklers. This does not 
include large drop sprinklers equipped with quick response links. The Response Time Index (RTI) of standard spray and large 
drop sprinl~lers s[aal[not be less than 181 (fqsec) ~a [ 100 (meter/sec)~eZl. 
** When use of higher temperature rated sprinklers is necessary, such as near unit heaters, refer to NFPA 13, Standard for the Instal- 
lation of Sprinkler Systems. 

Table 4-2 Arrangement of Protection of Palletized and Solid-Pile Level 3 Aerosols* 

Max. Cei l ing  H t  (ft) 

M a x i m u m  Pile H t  (ft) 

S p r i n k l e r  

T e m p .  Rat ing** 

S p r i n k l e r  
Spac ing  (ft z) 

S p r i n k l e r  
D e m a n d  

Hose  S t r e a m  

D e m a n d  (gpm)  

D u r a t i o n  (hr)  

30 30 25 20 

5 15 15 10 

q2 in. o r  ESFR ESFR Large  d r o p  
17/32 in. 0 .64 in. 

H i g h  O r d i n a r y  O r d i n a r y  O r d i n a r y  

100 max.  80-100 80-100  80-100 

0.60 gpm/ f t  2 12 s p r i n k l e r s  12 s p r i n k l e r s  15 s p r i n k l e r s  
ove r  2500  ft 2 at  75 psi at  50 psi a t  75 psi 

See 2-6.4 

2 1 1 2 

* All fire tests on which this table is based were conducted with standard spray, large drop, or ESFR sprinklers. This does not 
include large drop sprinklers equipped with quick response links. The Response Time Index (RTI) of standard spray and large 
drop sprinl(lers s~al[not be less than 18 t (ft/sec) ~a [ 100 (meter/sec)'n]. 
** When use of higher temperature rated sprinklers is necessary, such as near unit heaters, refer to NFPA 13, Standard for the Instal- 
lation of Sprinkler Systems. 

Table 4-3 ESFR Arrangement and Protection of 
Level 2 Rack Storage* 

Table 4-4 ESFR Arrangement and Protection of 
Level 3 Rack Storage* 

Max. Cei l ing  30 25 Max. Cei l ing  30 25 
H t  (ft) H t  (ft) 

Max. S to rage  15 20 Max. S to r age  15 15 
H t  (ft) H t  (ft) 

T e m p .  Rat ing** O r d i n a r y  O r d i n a r y  T e m p .  Rat ing** O r d i n a r y  O r d i n a r y  
S p r i n k l e r  80-100 80-100  S p r i n k l e r  80- I00  80-100  

Spac ing  (ft 2) Spac ing  (ft ~) 
S p r i n k l e r  12 s p r i n k l e r s  12 s p r i n k l e r s  S p r i n k l e r  12 s p r i n k l e r s  12 s p r i n k l e r s  

D e m a n d  at 50 psi a t  50 psi D e m a n d  at  75 psi at  50 psi 
Hose  S t r e a m  250 250 Hose  S t r e a m  250 250  

D e m a n d ( g p m )  D e m a n d  (gpm)  
D u r a t i o n  (hr)  1 1 D u r a t i o n  (hr)  1 1 

* Single and double-row racks only. 
** When use of higher temperature rated sprinklers is necessary, such as 
near unit heaters, refer to N FPA 13, Standard for the Installation of Sprin- 
kler Systems. 

* Single and double row racks only. 
** When use of higher temperature rated sprinklers is necessary, such as 
near unit heaters, Yefer to NFPA 13, Standard for InstaUation of Sprinkler 
Systems. 
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Table 4-5 Protection of  Rack Storage of  Level 2 Aerosols with Standard Spray Sprinklers  

Durat ion:  
S p r i n k l e r s  

and 
Ceiling Spr inkler  In-Rack Sprinkler  Clearances: Storage In-Rack Sprinkler  Hose  

Level Ar rangement  Ar rangement  to Spr inklers  Ceiling Demand Demand Stream 

2 286°F (141°C 2 hr  
rated; 

100 ft 2 max. 
spacing 
1/2 in. o r  17/32 In. 
orifice 

165°F (74°C) or 
less Spr inklers  8 ft 
apar t  max. 
On e  line at each 
tier except  top. 

Locate in longi- 
tudina l  flue spaces 
double- row racks. 
For mul t ip le-row 
rack storage, refer 
to Figures 4-1 and  
4-2 

15 ft max. 0.30 gpm/ft  2 
Need bar r i e r  over 2500 ft 2 ) 

with spr inklers  
benea th  if clear- 
ance exceeds 15 ft 
(See note.) 

30 psi per  spr in-  
kler na in imum.  
Base on  opera t ion  
of  hydraulical ly 
most  remote:  
(1) 8 spr inklers  if 
one  level. 
(2) 6 spr inklers  
each of 2 sevels if 
only 2 levels. 
(3) 6 spr inklers  on 
top 3 levels if 3 or 
more  levels. 

NOTE: Provide approved rack storage sprinklers with buih-in water shields. Locate longitudinal flue in-rack sprinklers at least 2 fi (0.6 m) 
from rack uprights. Provide at least 6 in.(150 ram) between sprinkler deflectors and top of storage in tier. 

(3 m) 
] 5 ft ~ Approx. 

Approx. 

ft 
(1.5 m) 
Approx. 

D C] Fq [Z] D 5 
I-q [-I l-q r-] I -113 

sprinklers ~ ~ ~ ~ E ~  G D 
~ "  Xr__l X X X X X - -  

X X x x X 

[]E]DD  ½ U E ] [ 3 ½ D  
Loading aisle elevation 

Loading aisle elevation 

10 ft 
(3 m) 
Approx.  

- - ~ 5 f t  (1,5 m) 
t Approx. 

18 in. ~ V  
(457 m m ) ~  " J ' -  

M a x .  "~r/x! 
8 ft ,~'~ /-- ~ A  

(2.4 m) _JL/F ~ 
Max. 

Face 
sprinkler ~ 18 in. / 

1. Distance between top level of in-rack sprinklers and top of storage 
should be no more than 5 ft (I.5 m) when only in-rack sprinklers are pro- 
vided in addition to ceiling sprinklers. 
2. Provide face sprinklers in 15-ft (4.6-m) vertical intervals. Stagger hori- 
zontally. 
3. Distance between transverse flues should be no more than 6 ft (1.8 rn). 

F igure  4-1 In - rack  sp r ink l e r  a r r a n g e m e n t  for mul t ip l e - row 
racks, Level 2 aerosol products .  

18 in. 

~ X  " ~ [ ~  iX - - / ~ - -  X] (457 mm) ..~ Loading aisle 

i ~ / k  x - - ~ x i _ _ / k _ .  ~ 
'Xl A x__/',J X:TPx__ _x_ ~ x I 
EM ix /k x . . . .  

~ _ x  ~ x ~ x ,~ x ~ 

- -  I I ~ i __ 
X - - / ~  X ~ X /N X /~ ) . m) Max. 

i p--- __  I 
-- --x~L~ x ~ x , ~ ,n 

8 in Loading aisle Face I~ -- -- L~ __ 18 " . 
s p r i n k l e r ~  Loading aisle Max,(457 ram) (457 mm) 

Plan view Plan view 

I. Distance between top level of in-rack sprinklers and top of storage 
should be no more than 5 fi (1.5 m) when only in-rack sprinklers are pru- 
vided in addition to ceiling sprinklers. 
2. Provide face sprinklersat 15-ft (4.6-m) vertical intervals. Stagger hori- 
zontally. 

F igure  4-2 In - rack  s p r i n k l e r  a r r a n g e m e n t  for  mul t ip l e - row 
racks, Level 2 aerosol  products .  

1990 Edition 



3 0 B - 1 6  MANUFACFURE AND STORAGE OF AEROSOL I'RODUCTS 

Table 4-6 Protection of Rack Storage of Level 3 Aerosols with Standard Spray Sprinklers 

Duration 
Sprin- 

Clearance: klers 
Ceiling Sprinkler In-Rack Sprinkler Storage Ceiling In-Rack Sprinkler and Hose 

Level Arrangement Arrangement to Sprinklers Demand Demand Stream 

3 286°F (141°C) 165°F (74°C) or  5 ft o r  less 0.30 gpm/ft'-' 30 g p m  per  spr inkler  2 hr  
ra ted less spr inklers  8 ft over  m i n i m u m .  Base on opera -  

17/:~2 in. apar t  max. 2500 ft" tion of  hydraulical ly most  
orifice 100 ft" Install in remotc :  

max. spacing, longi tudinal  flue (1) 8 spr inklers  if one  
and on face of  level 
each tier. (2) 6 spr inklers  each of  2 

165°F (76°C) or  
less spr inklers  8 ft 
(2.4m) apa r t  max. 
O n e  line at each 
except  top. Locate 
in longi tudinal  
flue. For  mul t ip le  
row rack, refer  to 
Figures  4-1 and 
4-2. 

More than 
5 f t t o  
15f t  

More  than 
15f t  

U p t o  15 ft 

More  than 
15f t  

0.60 gp m/ft'-' 
ove r  

1500 ft" to 
2500 ft:' 
In te rpo la te  for 
c learances  
be tween  5 ft 
and 15 ft 

0.60 gp m/ft'-' 
ove r  

2500 ft 2 plus a 
ba r r i e r  above top 
t ier  with face 
spr inklers  below. 

0.60 g p m  over  
2500 It" 

0.6 g p m  over  
2500 ft "~ plus 
a ba r r i e r  above 
top t ier  with 
face spr inklers  
below. 

levels if only 2 levels. 
(3) 6 spr inklers  on top 3 
levels if 3 o1" m o r e  levels. 

30 g p m  per  spr inkler  
min imunL Base on opera -  
tion o f  hydraulical ly most  
re lnote:  
(1) 8 spr inklers  if one  
level. 
(2) 6 spr inklers  each o f  2 
levels if only 2 levels. 
(3) 6 spr inklers  on top 3 
levels if 3 or  more  levels. 

30 g p m  per  spr ink lc r  
m i n i m u m .  Base on opera -  
tion of  hydraul ical ly  most  
f e n l o t e :  

(1) 8 spr inklers  if  one  
level. 
(2) 6 spr inklers  each of  2 
level if only 2 levels. 
(3) 6 spr inklers  on top 3 
levels if 3 o r  more  levels. 

30 g.pm per  spr inkler  
m m m m m .  Base on opera -  
tion o f  hydraulical ly most  
relnote:  
(1) 8 spr inklers  if one  
level. 
(2) 6 spr inklers  each o f  2 
levels if  only 2 levels. 
(3) 6 spr inklers  on top 3 
levels if 3 o r  m o r e  levels. 

30 g p m  per  spr ink le r  
m i n i m u m .  Base on opera -  
tion o f  hydraul ical ly most  
r emote :  
(1) 8 spr inklers  if  one  
level. 
(2) 6 spr inklers  each o f  2 
levels if only 2 levels. 
(3) 6 sprinklers  on top 3 
levels if 3 or  more  levels. 

2 hr  

2 h r  

2 h r  

2 hi" 

NOTE: Single and double row racks only. 
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4-3 Limited Quantity Storage in Occupancies Other than 
Warehouses. 

4-3.1 Storage of  Level 2 and Level 3 aerosol products  in 
a single fire area in occupancies other  than warehouses or  
mercantile occupancies, such as assembly, business, educa- 
tional, industrial ,  and institutional occupancies, shall be 
permit ted up to the following quantities: 

(a) A maximum of 1000 lb (454 kg) net weight of Level 
2 aerosol products,  or 

(b) A maximum of  500 lb (227 kg) of Level 3 aerosol 
products.  

In no case shall the combined net weight of Level 2 and 
Level 3 aerosol products  exceed 1000 lb (454 kg). 

4-3.1.1 These quantities may be doubled if the quantities 
in excess of those stated in 4-3.1 are stored in storage cab- 
inets that meet the requirements  of  Section 4-3 of  NFPA 
30, Flammable and Combustible Liquids Code. 

4-3.2 In cases where it is necessary to store Level 2 and 
Level 3 aerosol products  in quantities greater  than those 
allowed by 4-3.1, such quantities shall be stored in a sepa- 
rate inside storage area meeting the requirements  of  Sec- 
tion 4-7. 

4-4 Limited Quantity Storage in General Purpose Ware- 
houses. 

4-4.1 Subject to the approval  of  the author i ty  having 
jurisdiction,  solid pile, palletized, or rack storage of  Level 
2 and Level 3 aerosol products  shall be permit ted  in a gen- 
eral purpose  warehouse that is either unspr inklered or not 
protected in accordance with this code, up to the following 
quantities: 

(a) A maximum of  2500 lb (1135 kg) net weight of  Level 
2 aerosol products,  or  

(b) A maximum of 1000 lb (454 kg) net weight of Level 
3 aerosol products.  

In no case shall the combined net weight of Level 2 and 
Level 3 aerosol products  exceed 2500 lb (1135 kg). 

4-4.2 Subject to the approval  of  the author i ty  having 
jurisdiction,  solid pile or  palletized storage of Level 2 and 
Level 3 aerosol products  shall be permit ted in a general  
purpose  warehouse that is protected th roughout  by an 
automatic sprinkler  system up to a maximum total quantity 
of  12,000 lb (5450 kg) combined net weight of  Level 2 and 
Level 3 aerosol products,  subject to the following: 

(a) The  sprinkler  system over the aerosol storage area 
and for a distance of 20 ft (6 m) beyond shall be designed 
in accordance with Tables 4-1 and 4-2. 

(b) Storage of flammable and combustible liquids shall 
be separated from the aerosol products  storage area by at 
least 25 ft (8 m). 

Such storage shall also meet the requirements  of  4-5.6 of  
NFPA 30, Flammable and Combustible Liquids Code. 

4-4.3 Subject to the approval  of  the author i ty  having 
jurisdiction,  rack storage of Level 2 and Level 3 aerosol 
products  shall be permit ted  in a general  purpose  ware- 
house that is protected throughout  by an automatic sprin- 
kler system up to a maximum total quantity of  24,000 lb 
(10 900 kg) combined net weight of Level 2 and Level 3 
aerosol products,  subject to the following: 

(a) The  sprinkler  system in ihe Level 2 and Level 3 
aerosol products  storage area shall be designed in accor- 
dance with Tables 4-3 through 4-6. The  ceiling sprinkler  
system design shall extend for 20 ft (6 m) beyond the aero- 
sol products  storage area. 

(b) Storage of  aerosol products  shall be separated from 
storage of flammable and combustible liquids by at least 25 
ft (8 m). 

Such storage shall also meet the requirements  of 4-5.6 of  
NFPA 30, Flammable and Combustible Liquids Code. 

4-5 Segregated Aerosol Product Storage Areas in General 
Purpose Warehouses. 

4-5.1 Segregated storage of Level 2 and Level 3 aerosol 
products  in a general  purpose  warehouse shall only be per- 
mitted in a warehouse that is protected throughout  by an 
automatic sprinkler  system that is designed in accordance 
with NFPA 231, Standard for General Storage, or NFPA 
231C, Standard for Rack Storage of Materials, whichever is 
applicable. 

4-5.2 Solid pile, palletized, or rack storage of  Level 2 and 
Level 3 aerosol products  in excess of  the maximum quan- 
tities given in 4-4.2 and 4-4.3 shall be permit ted  in general  
purpose  warehouses, subject to the requirements  in 4-5.2.1 
through 4-5.2.6. 

4-5.2.1 Storage of Level 2 and Level 3 aerosol products  
shall be in a segregated area separated from the rest of  the 
warehouse by interior  walls, chain link fencing, or  a sepa- 
ration area, in accordance with the requirements  of 
4-5.2.1.1 through 4-5.2.1.3. 

4-5.2.1.1 Inter ior  walls shall have a fire resistance rating 
of one or two hours and shall be continuous from floor to 
the unders ide  of the roof  deck or ceiling. 

(a) For interior  walls having a fire resistance rating of 
two hours, the aggregate floor area utilized for Level 2 and 
Level 3 aerosol product  storage shall not exceed 25 per- 
cent of the total floor area of the warehouse, up to a max- 
imum of  40,000 sq ft (3 660 m). 

(b) For interior  walls having a fire resistance rating of 
one hour,  the aggregate floor area utilized for Level 2 and 
Level 3 aerosol product  storage shall not exceed 20 per- 
cent of the total floor area of the warehouse, up to a max- 
imum of  30,000 sq ft (2 745 m"). 

4-5.2.1.2 Chain link fencing shall extend from the floor 
to the unders ide  of the roof  deck or ceiling and shall meet 
the following requirements:  
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(a) The aggregate area utilized for Level 2 and Level 3 
aerosol product storage shall not exceed 20 percent of the 
total area of the warehouse, up to a maximum of 20,000 sq 
ft (1 830 rn~). 

(b) Fencing shall not be lighter than 9 gage steel wire 
woven into a maximt, m 2 in. diamond mesh. 

(c) Storage of commodities whose hazard exceeds that 
of a Class III commodity, as defined by NFPA 231, shall be 
kept outside of the segregated area and at least 8 ft (2.4 m) 
from the fence, except as allowed by 4-5.2.6. 

(d) The area of the design for the required ceiling sprin- 
kler system shall extend 20 ft (6.0 m) beyond the segre- 
gated area. 

(e) A minimum of two personnel exits shall be provided. 

(t) All openings in the fencing shall be provided with 
sell-closing or automatic-closing gates or shall be protected 
with a labyrinth arrangement.  

4-5.2.1.3 Subject to the approval of the authority having 
jurisdiction, a separation area shall extend outwards from 
the periphery of the segregated aerosol product storage 
area and shall meet the following requirements: 

(a) The aggregate area used for aerosol product storage 
shah not exceed 15 percent of the total area of the ware- 
house, up to a maximum of 20,000 sq ft (91 830 mZ). 

(b) The limits of the aerosol product storage area shall 
be clearly marked on the floor. 

(c) The separation area shall be a minimum of 25 ft (7.6 
m) and shall be maintained clear of all materials that have 
a commodity classification greater than lII ,  according to 
NFPA 231, Standard for General Storage. 

(d) The area of the design for the required ceiling sprin- 
kler system shall extend 20 ft (6.0 m) beyond the segre- 
gated area. 

4-5.2.2 Sprinkler protection shall be provided for segre- 
gated aerosol product storage areas in accordance with 
Tables 4-1 through 4-6. Protection shall be provided for 
the highest level of aerosol products present. 

4-5.2.3 Solid pile and palletized storage shall be arranged 
so that no storage is more than 25 ft (7.6 m) from an aisle. 
Aisles shall be at least 4 ft (1.2 m) wide. 

4-5.2.4 Rack storage shall be arranged so that a min imum 
aisle width of 8 ft (2.4 m) is maintained between rows of 
racks and between racks and adjacent solid pile or pallet- 
ized storage of Level 2 and Level 3 aerosol products. 

Exception: Where protection is provided with ESFR sprinklers, 
the minimum aisle width may be reduced to 4 ft  (1,2 m). 

4-5.2.5 An approved fire alarm system, meet ing the 
requirements of Section 2-7, shall be provided in any gen- 
eral purpose warehouse in which Level 2 and Level 3 aero- 
sol products are stored. 

(a) Activation of the fire alarm system shall be by oper- 
ation of the automatic sprinkler system or by manual  pull 
station. 

(b) Activation of the fire alarm system shall cause all fire 
doors or gates leading to the segregated aerosol product 
storage area to close automatically. 

4-5.2.6 Storage of flammable and combustible liquids 
shall be separated from the segregated area by a min imum 
distance of 25 ft (8 m) or by the segregating wall. 

4-6 Aerosol Warehouses.  

4-6.1 Storage of Level 2 and Level 3 aerosol products in 
excess of the amounts permitted in Sections 4-4 and 4-5 
shall be located within an aerosol warehouse. 

4-6.2 Aerosol warehouses shall be protected by automatic 
sprinkler systems in accordance with Tables 4-1 through 
4-6. Protection shall be provided for the highest level of 
aerosol product present. 

Exception: Subject to the approval of the authority having juris- 
diction, an aerosol warehouse shall be pe~wdtted to be unprotected 
when located a minimum of lOO fi  O0 re)from exposed buildings 
or adjoining properh, that can be built upon if  there is" protection 
for exposures. Where protection for exposures is not provided, a 
minimum 200 f i  (60 m) distance is required. Other commodities 
and hazardous materials, including flammable and combustible 
liquids, may be stored in unlimited quantities within such a 
building. 

4-6.3 Aerosol warehouses shall be separate, detached 
buildings or shall be separated from other occupancies by 
freestanding 4-hr fire walls, with communicat ing openings 
protected on each side by automatic closing, listed 3-hr fire 
doors. 

4-6.4 If the aerosol warehouse building is located more 
than 10 ft (3 m), but less than 50 ft (15 m), from an impor- 
tant building or line of adjoining property that can be built 
upon, the exposing wall shall have a fire resistance rating 
of at least 2 hi  with each opening protected with a listed 
1 l/,,-hr fire door. 

4-6.5 If the aerosol warehouse building is located 10 ft (3 
m) or less from an important  building or line of adjoining 
property that can be built upon, the exposing wall shall 
have a fire resistance rating of 4 hr with each opening pro- 
tected with a listed 3-hr fire door. 

4-6.6 The total quantity of aerosols within an aerosol 
warehouse shall not be restricted. 

4-6.7 Combustible commodities shall be permitted in an 
aerosol warehouse provided the warehouse is protected in 
accordance with Tables 4-1 through 4-6. 

4-6.8 Solid pile and palletized storage shall be arranged 
so that no storage is more than 25 ft (7.6 m) from an aisle. 
Aisles shall be at least 4 ft (1.2 m) wide. 
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4-6.9 Rack storage shall be arranged so that a minimum 
aisle width of 8 ft (2.4 m) is maintained between rows of 
racks and between racks and adjacent solid pile or pallet- 
ized storage of aerosol products. 

Exception: Where protection is provided by ESFR sprinklers, the 
minimum aisle width shall be permitted to be reduced to 4 f i  
(1.2 m). 

4-7 Storage of Aerosol Products in Separate Inside Flam- 
mable Liquid Storage Rooms. 

4-7.1 Storage of aerosol products shall be permitted in 
separate inside flammable liquid storage rooms of 500 sq ft 
(47 m ~) or less that meet the requirements of NFPA 30, 
Flammable and Combustible Liquids Code, up to a maximuna 
quantity of 1000 lb (454 kg) of Level 2 aerosol products or 
500 Ib (227 kg) of Level 3 aerosol products or 1000 lb (454 
kg) of combined Level 2 and Level 3 aerosol products. 

4-7.2 Storage of aerosol products shall be permitted in 
separate inside flammable liquid storage rooms of greater 
than 500 sq ft (47 m ~) that meet the requirements of NFPA 
30, Flammable and Combustible Liquids Code, up to a maxi- 
mum quantity of 2500 lb (1135 kg) of Level 2 aerosol prod- 
ucts or 1000 lb (454 kg) of Level 3 aerosol products or 
2500 Ib (1135 kg) of combined Level 2 and Level 3 aerosol 
products. 

Exception: Storage of Level 2 and Level 3 aerosol products shall 
be pe~vnitted in separate inside storage rooms up to a maximum of 
5000 lb (2270 kg), if the separate inside storage room is pvtected 
by an automatic sprinkler system that is designed in accordance 
with Tables 4-1 through 4-6, whichever is applicable. 

4-8 Storage of Aerosol Products in Liquid Warehouses 
(as defined in NFPA 30). 

4-8.1 Storage of Level 2 and Level 3 aerosol products in 
a liquid warehouse, as defined in NFPA 30, Flammable and 
Combustible Liquids Code, shall be within a segregated area. 

4-8.2 Storage of Level 2 and Level 3 aerosol products 
shall be in a segregated area that is separated from the rest 
of the warehouse by either interior walls or chain link fenc- 
ing in accordance with the requirements of 4-8.2.1 or 
4-8.2.2. 

Exception: When aerosol products are stored in an unprotected 
liquid warehouse, as defined in 4-5.7 of NFPA 30, the aerosol 
products are not required to be in a segregated area. Storage con- 
figuration shall meet the requirements of 4-6.8 and 4-6.9 of this 
code. 

4-8.2.1 Interior walls shall have a fire resistance rating of 
one or two hours and shall be continuous from floor to the 
underside of the roof deck. 

(a) For interior walls having a fire resistance rating of 
two hours, the aggregate floor area utilized for the storage 
of Level 2 and Level 3 aerosol products shall not exceed 25 
percent of the total floor area of the warehouse, up to a 
maximum of 40,000 sq ft (3700 sq m). 

(b) Fox" interior walls having a fire resistance of one 
hour, the aggregate floor area utilized fox" the storage of 
Level 2 and Level 3 aerosol products shall not exceed 20 
percent of the total floor area of the warehouse, up to a 
nlaximum of 30,000 sq ft (1850 sq m). 

(c) Spill control or drainage shall be provided to pre- 
vent the flow of liquid to within 8 fi of the segregated area. 

4-8.2.2 Chain link fencing shall extend from tile floor to 
the underside of the roof deck and shall meet the following 
requirements: 

(a) The aggregate floor area utilized for the storage of 
Level 2 and Level 3 aerosol products shall not exceed 20 
percent of the total floor area of the warehouse, up to a 
maximum of 20,000 sq ft (1850 sq m). 

(b)* Fencing shall be not lighter than 9 gage steel wire 
woven into a maximum 2 in. (5 cm) diamond mesh. 

(c) All storage outside the segregated storage area shall 
be kept at least 8 ft (2.4 m) from the fence. 

(d) Spill control or drainage shall be provided to pre- 
vent the flow of liquid to within 8 ft (2.4 m) of the segre- 
gated storage area. 

(e) The area that extends for 20 ft (6 m) beyond the 
segregated storage area shall be protected by an automatic 
sprinkler system designed in accordance with the require- 
ments for storage of aerosol products, as specified by this 
code, or in accordance with tile requirements tbr liquid 
storage, as specified in NFPA 30, Flammable and Combustible 
Liquids Code, whichever is tile inore restrictive. 

(t) MI openings in the fencing shall be provided with 
self-closing or automatic-closing gates or shall be protected 
with a labyrinth arrangement.  

(g) A minimum of two personnel exits shall be provided. 

4-8.3 Sprinkler protection shall be provided for segre- 
gated aerosol product storage areas in accordance with 
Tables 4-1 through 4-6. Protection shall be provided fox" 
the highest level of aerosol products present. 

4-8.4 Solid pile and palletized storage shall be arranged 
so that no storage is more than 25 ft (7.6 m) from an aisle. 
Aisles shall be at least 4 ft (1.2 m) wide. 

4-8.5 Rack storage shall be arranged so that a minimum 
aisle width of 8 ft (2.4 m) is maintained between rows of 
racks and between racks and adjacent solid pile or pallet- 
ized storage of aerosol products. 

Exception: Where protection is provided with ESFR sprinklers, 
the minimum aisle width may be reduced to 4 ft (1.2 m). 

4-8.6 Fire doors or gates that lead into the segregated 
storage area shall be either self-closing or provided with 
automatic-closing devices that are activated by water flow 
or by an approved fire detection system. 

4-9 Outdoor Storage. 

4-9.1 Storage of Level 2 and Level 3 aerosol products 
outdoors shall be located as far as is practicable from 
important  buildings and structures, but not less than the 
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minimum separation distance contained in NFPA 80A, 
Recommended Practice for Protection of Buildings from Exterior 
Fire Exposures, for the Severe fire severity class. 

4-9.2 A minimum 50 ft (15 m) separation shall be main- 
tained between Level 2 and Level 3 aerosol products and 
other combustible yard storage. 

4-9.3 Temporary storage trailers shall be located a mini- 
mum of 50 ft (15 m) from buildings and other unprotected 
outdoor storage. A maximum of two such trailers shall be 
permitted in any one storage group. Trailers shall also be 
located a min imum of 50 ft (15 m) from any property line 
that can be built upon. 

4-9.4 Storage shall meet all applicable requirements of 
NFPA 231, Standard for General Storage. 

Chapter 5 Mercantile Occupanc ies  

5-1 Sales Display Areas. 

5-1.1 Level 1 aerosol products in sales display areas shall 
not be limited. 

5-1.2 Level 2 and Level 3 aerosol products  shall be 
removed from combustible cartons when located in sales 
display areas. 

Exception No. 1: Cartoned display of Level 2 and Level 3 aero- 
sol products shall be permitted provided the area is protected in 
accordance with Tables 4-1 through 4-6. 

Exception No. 2: Cartoned display of Level 2 and Level 3 aero- 
sol products shall be permitted provided cartons are display-cut, so 
that only the bottom and lowest 2 in. (50 mm) of the side panels is 
retained. 

5-1.3 Level 2 and Level 3 aerosol products in sales dis- 
play areas shall be limited to the quantities needed for dis- 
play and normal merchandising, but shall not exceed the 
maximum quantities given in 5-1.3.1 and 5-1.3.2. 

5-1.3.1 In sales display areas that are unsprinklered or 
whose sprinkler system does not meet the requirements of 
5-1.3.2, the total aggregate quantity of Level 2 and Level 3 
aerosol products shall not exceed the following: 

Max. Net Weight 
Floor Per Floor, lb (kg) 
Basement Not Permitted 
Ground 2500 (1135) 
Upper 500 (227) 

5-1.3.2 In sales display areas that are sprinklered in 
accordance with NFPA 13 for at least Ordinary Hazard 
(Group 2) occupancies, the total aggregate quantity of 
Level 2 and Level 3 aerosol products shall not exceed 2 lb 
net weight per square foot (9.8 kg/m 2) of gross sales floor 

area. However, no single 10 ft by 10 fi (3 m by 3 m) section 
of sales floor area shall contain more than 1000 lb (454 kg) 
net weight of aerosol products. 

5-1.4 Level 2 and Level 3 aerosol products shall be 
securely stacked to not more than 6 ft (1.8 m) high from 
base to top of the storage array unless oll fixed shelving. 
Shelving shall be of stable construct ion and shall not 
exceed 8 ft (2.4 m) in height. 

5-2 Backstock Storage Areas. 

5-2.1 When backstock areas are separated from sales dis- 
play areas by construction having a min imum 1 hr fire 
resistance, storage of Level 2 and Level 3 aerosol products 
shall meet the requirements of Chapter 4. 

5-2.2 When backstock areas are not separated from sales 
display areas by construction having a minimum l-hr  fire 
resistance, the quantity of Level 2 and Level 3 aerosol 
products in backstock areas shall be included in the total 
allowable quantities specified in 5-1.3 and protection shall 
be provided in accordance with 5-2.1. 

5-2.3 An additional quantity of Level 2 and Level 3 aero- 
sol products, up to a maximum of 500 lb (227 kg), shall be 
permitted in backstock areas when the additional quanti- 
ties are stored in flammable liquid storage cabinets that 
meet the requirements of Section 4-3 of NFPA 30, Flam- 
mable and Combustible Liquids Code. 

5-2.4 Storage of aerosol products in separate inside flam- 
mable liquids storage rooms shall meet the requirements of 
Section 4-7 of this code. 

Chapter 6 Operat ions  and Maintenance 

6-1 Means of Egress. Means of egress and exits shall be 
maintained in accordance with NFPA 101, Life Safety Code. 

6-2 Powered Industrial Trucks. 

6-2.1 The use and selection of powered industrial trucks 
shall comply with NFPA 505, Firesafety Standard for Powered 
Industrial Trucks Including Type Designations, Areas of Use, 
Maintenance, and Operation. 

6-2.2 Only trained and authorized operators shall be 
allowed to operate powered industrial trucks. 

6-2.3 Operator training shall be equivalent to that speci- 
fied by ANSI B56.1, Safety Standard for Low-Lift and High- 
Lift Trucks. 

6-2.4 If the type of load handled presents a hazard of 
rearward falls, the powered industr ia l  t ruck shall be 
equipped with a vertical load backrest extension. 

1990 Edition 



REFERENCED PUBLICNIIONS 30B-21 

6-2.4.1 For loads that are elevated above the mast of  the 
truck, the backrest extension shall reach at least halfway 
into the uppermost  pallet load. 

6-3 Control of Ignition Sources. 

6-3.1 Precautions shall be taken to prevent  the ignition of  
flammable gases or vapors. Sources of  ignition include, but 
are not limited to: 

(a) Open flames; 
(b) Lightning; 
(c) Hot surfaces; 
(d) Radiant heat; 
(e) Smoking; 
(f) Cutting and welding; 
(g) Spontaneous ignition; 

(h) Frictional heat or 
sparks; 

(i) Static electricity; 
(j) Electrical sparks; 
(k) Stray currents;  
(1) Ovens, furnaces, and 

heating equipment  

6-3.2 Smoking shall be strictly prohibited,  except in des- 
ignated smoking areas. 

6-3.3 Weld ing ,  cut t ing,  and  s imilar  s p a r k - p r o d u c i n g  
operat ions shall not be permi t ted  in areas that contain 
aerosol products  until a written permit  authorizing the 
work has been issued. The  permit  shall be issued by a per- 
son in author i ty  following an inspection of  the area to 
assure that p rope r  precautions have been taken and will be 
followed until complet ion of the work. (See NFPA 51B, 
Standard for Fire Prevention in Use of Cutting and Welding 
Processes.) 

6-4 Aisles. Aisles shall be maintained free of storage so as 
to permit  convenient  access for fire fighting, salvage, and 
removal of stored commodities.  

6-5 Waste Disposal. 

6-5.1 Filled or  partly filled aerosol containers shall be 
separated from all other  rubbish and trash and shall be 
placed in noncombustible waste containers. 

6-5.2 Filled or partly filled aerosol containers shall not be 
disposed of  in compactors ,  balers, or incinerators  that 
could crush the container or heat its contents. 

Exception: Equipment and facilities that are specifically designed 
for the disposal of aerosol containers. 

6-6 Inspection and Maintenance. A written and docu- 
mented preventive maintenance program shall be devel- 
oped for equipment ,  machinery, and processes that are 
critical to firesafe operat ion of  the facility. 

6-6.1 Critical detection systems and their  components ,  
emergency trips and interlocks, alarms, and safety shut- 
down systems shall be inspected on a regularly scheduled 
basis, and any deficiencies shall be immediately corrected.  
Items that should be included in this inspection schedule 
include: 

(a) Gas detection systems; 

(b) Explosion suppression systems; 

(c) Deflagration vent systems; 

(d) Ventilation and local exhaust  systems; 

(e) Propellant  charging room door  interlocks; 

(0 Process safety devices; 

(g) Fire alarm systems; 

(h) Any machinery or equipment  that is critical to life 
safety or firesafety. 

6-7 Static Electr ici ty.  All process equipment  and piping 
involved in the transfer of f lammable liquids or  gasses shall 
be connected to a static-dissipating ear th gro tmd system to 
prevent  accumulations of  static charge. (See NFPA 77, Rec- 
ommended Practice on Static Electricity, for further info~nation.) 

Chapter 7 Referenced  Publicat ions 

7-1 The  following documents  or port ions thereof  are ref- 
erenced within this code and shall be considered part  of 
the requirements  of  this document .  The  edition indicated 
for each reference is the current  edition as of  the date of  
the NFPA issuance of  this document .  

7-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

N FPA 10-1990, Standard for Portable Fire Extinguisers 

NFPA 11-1988, Standard for Low Expression Foam and 
Combined Agent Systems 

NFPA 11A- 1988, Standard for Medium and High Expansion 
Foam Systerm" 

N FPA 12-1989, Standard on Carbon Dioxide Extinguishing 
Systems 

NFPA 12A- 1989, Standard on Halon 1301 Fire Extinguish- 
ing Systems 

NFPA 12B- 1990, Standard on Halon 1211 Fire Extinguish- 
ing S~stems 

N FPA 13-1989, Standard for the Installation of Sprinkler 
Svslem,~ 

N FPA 14-1990, Standard for the hzstallatio~z of Standpipe 
and Hose Systems 

NFPA 16-1986, Standard on Deluge Foam- Water Sprinkler 
and Foam-Wetter Spray Systems 

N FPA 16A- 1988, Recommended Practice for the Installation 
of Closed-Head Foam-Wetter Sprinkler Systen~ 

NFPA 17-1990, Standard for D U Chemical Extinguishing 
Systems 

NFPA 20-1990, Standard for the Installation of Centrifugal 
Fire Pumps 

NFPA 22-1987, Standard for Water Tank6" for Private Fire 
P~vtectio n 
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NFPA 24-1987, Standard for the Installation of Private Fire 
Service Mains and Their Appurtenances 

NFPA 30-1990, Flammable and Combustible Liquids Code 

N FPA 31 - 1987, Standard for the Installation of Oil Burning 
Equipment. 

N FPA 45-1986, Standard on Fire Protection for Dzboratories 
Using Chemicals 

NFPA 54-1988, National Fuel Gas Code 

NFPA 58-1989, Standard for the Storage and Handling of 
Liquefied Petroleum Gases 

N FPA 69-1986, Standard on Explosion Prevention Systems 

N FPA 70-1990, National Electrical Code 

N FPA 72-1990, Standard for the Installation, Maintenance, 
and Use of Protective S~gnaling Systems 

N FPA 72E-1990, Standard on Automatic Fire Detectors 

NFPA 80-1990, Standard for Fire Doors and Windows 

NFPA 90A- 1989, Standard for the Installation of Air Condi- 
tioning and Ventilating Systems 

NFPA 101-1988, Life Safety Code 

NFPA 231 - 1990, Standard for General Storage 

N F PA 231 C- 1986, Standard for Rack Storage of Materials 

N FPA 505-1987, Firesafety Standard for Powered Industrial 
Trucks Including Type Designations, Areas of Use, Maintenance 
and Operation 

NFPA 1221-1988, Standard for the Installation, Mainte- 
nance and Use of Public Fire Service Communication System 

7-1.2 Other Publications. 

7-1.2.1 ANSI Publ icat ion.  American National Standards 
Institute, 1430 Broadway, New York, NY. 

ANSI B56.1, Safety Standard for Low-Lift and High-Lift 
Trucks. 

A p p e n d i x  A 

This Appendix is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 

A-I- I .2  An example of  an aerosol p roduc t  that is not 
f lammable and,  therefore,  not covered by this code is 
whipped cream: the base product  is a water-based material 
and the propel lant  is nitrous oxide, which is nonflamma- 
ble. 

A-I-2 This code provides minimum acceptable require- 
ments for fire prevention and protection in facilities that 
manufacture and store aerosol products  and in mercantile 
occupancies where aerosol products  are displayed and 
sold. As explained in Section 3-1, the hazards presented by 

each stage of the manufacturing process will vary, depend-  
ing on the flammability of  the base product  and on the 
flammability of  the propel lant .  Considerable  j u d g e m e n t  
will be required of the designer and of  the authori ty  hav- 
ing jurisdict ion to provide an adequate  level of fire protec- 
tion. (See also Appendix B, Mechanism of Fire Growth in Aerosol 
Containers.) 

A-l -4  This section should not be in terpre ted  as discour- 
aging the upgrad ing  of  existing aerosol manufactur ing or  
storage facilities. Improvements  to fire protection systems 
in existing facilities should be allowed without requir ing 
retroactive compliance with all of the requirements  of this 
code. It is the intent of this code, however, that major ren- 
ovations to such a facility should meet, to the greatest  
extent  practical, the requirements  of this code. 

A- l -6  Aerosol .  The  base product  may be dispensed from 
the container  in such form as a mist, spray, foam, gel, or 
aerated powder.  

A- I -6  Aerosol  Container. Maximum sizes, m i n i m u m  
strengths, and other  critical limitations for aerosol contain- 
ers are set by the U.S. Depar tment  of Transpor ta t ion  (Title 
49, Code of Federal Regulations). These regulations assure 
that aerosol products  can be safely t ranspor ted  in interstate 
commerce .  Aerosol products  are general ly  classified as 
Other  Regulated Materials - Class D (ORM-D). A cutaway 
drawing of  a typical aerosol container  is shown in Figure 
A- 1. Labeling of aerosol products,  including precaut ionary 
language for flammability and other  hazards is regulated 
by a number  of  federal authorit ies,  including the Con- 
sumer  Product  Safety Comnlission, the Food and Drug 
Administration,  the Environmental  Protection Agency, the 
Occupational Safety and Health Administration,  and the 
Federal  Trade  Commission. Additional information on the 
labeling of  aerosol products  is given in Appendix  D, Flam- 
mability Labeling of Aerosol Products. 

A - l - 6  Base P roduc t .  The  base p r o d u c t  contains  the 
active ingredient  of the aerosol product .  

A- l -6  Miscible.  The  distinction between water-miscible 
and water-immiscible constituents in the classification crite- 
ria for the levels of aerosol products  is based pr imari ly  on 
two factors: water-miscible flammable and combustible liq- 
uids generally have lower heats of  combustion and they are 
more readily diluted and extinguished by the water from 
sprinkler  discharge. Some aerosol products  contain both 
miscible and immiscible flammable or combustible compo- 
nents, a situation that is not directly considered in the cri- 
teria for the level classification. For these products,  the 
miscibility of  the entire base product  must be used to deter-  
mine whether  the base product  should be classified as ntis- 
cible or immiscible. 

A-I-6 Propel lant .  The  flammable propel lant  is generally 
a hydrocarbon gas, such as butane, isobutane, propane,  
and various blends of these gases. Systems that generate  a 
propel lant  gas are included in this definition. 
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Figure A-I Typical aerosol container. 

A-l-7  The  following are examples of the calculations used 
to de termine  the level classification of  aerosol products.  

Formula # 1 
20 parts Material A, flash point  

below 500°F (260°C) 
60 parts Material B, flash point 

above 500°F (260°C) 
20 parts Propellant  

100 parts Total  

The  base product  equals 20 parts + 60 parts or 80 parts 
of  total contents. The  percentage of  base product  with a 
flash point  below 500°F is (20/80) x 100 or 25%. There-  
fore, the product  is a Level 1 aerosol product .  (See 
1-7.1.) 

Formula #2:  
25 parts Material A, flash pointbelow 500°F (260°C) 
55 parts Material B, flash point 

above 500°F (260°C) 
20 parts Propellant  

100 parts Total 

The  base product  equals 25 parts + 55 parts or  80 parts 
of the total contents. The  percentage of  the base product  
with a flash point  below 500°F is (25/80) x 100 or  
31.25%. Therefore ,  the p roduc t  is a Level 2 aerosol 
product .  [See 1-7.2(a).] 

Formula #3:  
50 parts Material A, water-immiscible, flashpoint 

below 500°F (260°C) 
30 parts Material B, flash point  

above 500°F (260°C) 
20 parts Propellant  

100 parts Total 

The  base product  equals 50 parts + 30 parts or 80 parts 
of  the total contents. The  percentage of the base product  
with a flash point  below 500°F and is water-immiscible is 
(50/80) × 100 or  62.5%. Therefore ,  the product  is a 
Level 3 aerosol product .  [See 1-7.3(a).] 

Formula #4:  
25 parts Material A, flash point  

below 500°F (260°C) 
55 parts Material B, flash point  

above 500°F (260°C) 
85 parts Flanunable Propellant  

165 parts Total  

The  base product  equals 25 parts + 55 parts or 80 parts 
of  the total contents. The  percentage of  the base product  
with a flash point  below 500°F is (25/80) x 100 or  
31.25%. This indicates a Level 2 aerosol product .  But, 
f lammable  p rope l l a n t  comprises  (85/165) x 100 or  
51.5% of the total container  contents. Therefore ,  the 
product  is a Level 3 aerosol product .  (See 1-7.4.) 

Figure A-2 depicts a decision tree that may be used to 
assist in de te rmining  the p rope r  level classification of  an 
aerosol product .  

A-3-4 It is essential that any flammable propel lant  charg- 
ing room be designed by qualified professionals. 

A-3-f.2(d) Adequate ventilation of flammable propel lant  
charging and pump rooms is necessary to maintain these 
rooms at a safe level well below the lower explosive limit of 
the propel lant  being used. The  internal volume of  these 
rooms should be as small as practical to minimize the cap- 
ital and opera t ing  costs of the ventilation system, as well as 
the cost of heating and condit ioning required make-up air. 
The  formula given in 3-5.2(d) is used to de termine  the 
r equ i r ed  vent i la t ion flow rate.  In no case should  the 
r equ i r ed  vent i la t ion be less than one air  change  pe r  
minute,  unless the propel lant  filler is provided with its own 
local exhaus t  vent i la t ion system. Some cons idera t ions  
involved in using the formula follow: 
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ts the p rope l l an t  
f l ammab le?  

Yes 

Is the percentage 
of  p rope l l an t  to 
con ta iner  c o n t e n t  
by we igh t  greater 
than or equal to 
5O%? 

I Yes 

Is the percentage 
of  p rope l l an t  to 
con ta iner  con ten t  
by we igh t  greater 
than or equal to 
80%? 

No 
Is the percentage of  f l a m m a b l e  
mater ia l  in the base p r o d u c t  
greater than 25%? 

iS the p rope l l an t  
f l ammab le?  

Y es 

No 

I 
Is the percentage 
of f l a m m a b l e  ma -  
terial in the base 
p r o d u c t  greater 
than 55%? 

I Y es 

Is the f l a m m a b l e  
mater ia l  in base 
p r o d u c t  wa te r  
soluble? 

Yes 

Is the percentage 
of  p rope l l an t  to 
con ta ine r  c o n t e n t  
by we igh t  greater 
than or equal to 
5O%? 

4 "s 4' 

I Y es 

Is the p rope l l an t  
f l ammab le?  

l Yes 

Is the percentage of  
p rope l l an t  to  
conta iner  con ten t  
by we igh t  greater 
than or equal 
tO 50%? 

Figure A-2 Decision tree for determining level classification of aerosol products. 

(a) The lower explosive limit (LEL) used in the calcula- 
tion should be that of the most flammable propellant gas 
used. Normally, this will be isobutane (propellant A-31), 
which has a LEL of 1.8% in air at 70°F. Butane has the 
same LEL.  All other flammable propellants have LELs that 
are higher. Thus, the two isomeric butanes are considered 
the most hazardous propellants and the ventilation system 
is normally designed based on their use. 

(b) The cubic feet of vapor produced by one gallon of 
propellant determines the quantity of saturated vapor that 
the ventilation system must handle, based on the volumet- 
ric flow rate of the propellant through the system. For iso- 
butane, this factor is 30.59 cubic feet of vapor per gallon, at 
70°F and sea level conditions. 

(c) The LEL design level is an arbitrary decimal frac- 
tion. This establishes the maximum amount  of vapor con- 
centration that the ventilation system will handle and is, in 
effect, a percentage of the LEL. Since combustible gas 
detection systems are set to alarm at 20% of the LEL and 
operational shutdown is set at 40% of the LEL, it is recom- 

mended that the design level not exceed 10% of the LEL.  
In other words, DL in the equation should not exceed 
0.10. 

(d) "R" in the equation is an estimate of how much pro- 
pellant is lost from the equipment  under  normal operating 
conditions, plus 20% for occasional leaks. These losses are 
due to minor seal and hose leakage and minor loss flom 
the equipment  as it is operating. This number  is calculated 
as follows: 

R = [ 1 ga l  / 
~ c )  x (loss per ca,,, c c ) x  (cans per 

minute) x (safety factor) 

Considerations to be used with the above formula are: 

--Loss per can. This is the maximum quantity of propel- 
lant that is expected to be lost dur ing  the propellant filling 
operation and will depend on the type of filling mode 
used. Some propellant fillers will release 3.0 cubic centime- 
ters (cc) per container per filling station. Some filling oper- 
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ations require the use of  two different fillers. An example 
is aerosol ant iperspirant ,  which is filled using an under-  
the-cup filler, followed by a through-the-valve filler. The  
second filler injects a relatively small quantity of propel-  
lant, pr imari ly to flush the viscous base product  out of  the 
aerosol diptube.  For these systems, the combined release 
amounts  to about 4.0 cc per  container.  In other  systems, 
different propel lants  are added  at separate filling stations. 
This eliminates the need for propel lant  blending equip- 
ment  or  blend holding tanks. The  manufacturer  of the fill- 
ing equipment  should be consulted for an estimate of the 
expected losses dur ing  filling. 

- -Cans  per  Minute. This is the maximum product ion 
rate for the entire propel lant  charging room. The  ventila- 
tion system must be designed to handle the expected losses 
from the highest number  of  cans that can foreseeably be 
filled per minute, based on a ten to twenty minute refer- 
ence period. The  average rate per  shift should not be used, 
since the average rate will always be lower than the maxi- 
mum product ion rate by 10 to 25%. If there are multiple 
fill lines, the maximum product ion rates must be added  for 
each. Also, if an addit ional fill line is later added,  the capac- 
ity of the ventilation system must be increased accordingly. 

--Safety Factor. A 20 percent  safety factor is generally 
used to account for minor  seal leaks and hose leaks, dead 
spots, and occasional container ruptures.  

An example of the use of the formula follows: 

Assumptions: 

Under- the-Cup Filler, 3 cc per  minute release per  filling 
head. Two fill machines, each opera t ing  at 150 containers 
per  minute. Propellant  is isobutane; LEL is 1.8%. 30.59 cu 
ft per  gal. Safety factor for leakage is 20%. LEL Design 
Level is 10%. 

Gallons released 
per  minute = (3.0 cc/container)(2)(150)(1.2) 

(3785.4 cc/gal) 
= 0.2853 gallons per  minute 

Required 
CFM = (100-1.8)(30.59 cu ft/gal)(0.2853 gal/min) 

= 4761 CFM 
(0. l 0)( 1.8) 

few percent  of the volume in the typical propel lant  charg- 
ing room, the concentration of  propel lant  will be substan- 
tially less than the des igned-for  10% of  the L E L  This 
means that the gas detection heads may give very different 
readings if their positions are changed.  Care must be exer- 
cised in de termining  the op t immn location of  the detector  
heads, especially if there  are multiple propel lant  fillers in 
the room. In such cases, the use of three or four detection 
heads may be considered,  ra ther  than the two that are 
normally used. 

A-3-8 The  gas detection system should be provided with 
detect ion heads located inside the charging and pump  
rooms and jus t  inside the conveyor  openings  into the 
charging or pump room and into the main product ion 
building. Detection heads should also be located within any 
conveyor enclosure between the charging or pump room 
and the main product ion building. Where flammable pro- 
pellants are stored in a tank farm, the tank farm should be 
provided with an approved  gas detection system and the 
signal sent to a constantly moni tored location. 

A-3-9.1 Dry-pipe or preaction systems are not allowed. 
Tests have shown that control of a fire involving aerosol 
products  requires immediate application of  water when the 
first sprinkler  operates.  Fire growth is rapid  and,  once 
thoroughly established, cannot  be control led by conven- 
tional or  ESFR systems. Any significant delay in sprinkler  
discharge will allow the fire to overtax the system. Increas- 
ing the design area for a dry-pipe  or preaction system is 
not feasible because the delay will allow too many sprin- 
klers to operate,  thus overtaxing any practically designed 
water supply. 

Paragraph 3-9.1 should not be in terpre ted  as discourag- 
ing the use of  a foam-water sprinkler  system. As long as the 
ceiling density is not reduced,  the use of  a foam-water sys- 
tem does not introduce any known negative effects and 
may offer some addit ional  benefits in combatt ing any spill 
fire that may result. 

A-4-8.3.2(b) The  9 gage chain link fencing referred to by 
this p a r a g r a p h  refers to the s tandard  indus t r ia l -g rade  
chain link, such as is used for p roper ty  fencing. Lighter 
gage fencing will not restrain rocketing aerosol containers,  
based on test experience.  

The  equations assume that the released propel lant  gas 
and the enter ing make-up air will quickly mix and the 
resulting homogeneous  mixture will then be exhausted.  
This is not the case. Thus,  the calculations give results that 
will be on the conservative side in some locations within the 
propel lant  charging room and on the improvident  side in 
others. For example,  air enter ing the exhaust  registers at 
points remote from the propel lant  filler will have a concen- 
tration of  propel lant  that is much less than the average 
value upon which the ventilation system is designed. 

Because some of the propel lant  will be swept into the 
neares t  par t  of  the exhaus t  system before  being fully 
diluted, the apparen t  efficiency of the ventilating system is 
improved,  providing an addit ional  safety factor. This effi- 
ciency can be measured  using combinations of  velocity 
meters, explosimeters,  and gas density plots. For all but a 

A p p e n d i x  B Mechanism of  Fire Growth in Aerosol  
Containers  

This Appendix is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 

The  au tomat ic  fire p ro tec t ion  a l te rna t ives  given in 
Chapter  4 of this code are derived from more than a dozen 
aerosol product  fire tests conducted by a major insurance 
company in the late 1970s and early 1980s (see Tables B-I 
and B-2) and more than 50 small, medium, and large-scale 
tests sponsored by the aerosol products  industry in the 
1980s (see Tables B-3 through B-7). This aerosol fire research 
represents  a significant body of knowledge regarding  aero- 
sol fire development  and control for various types of aero- 
sol products  in various storage and protection scenarios. 
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A complete and detailed history of these aerosol storage 
research efforts can be obtained on request f iom the 
Chemical Specialities Manufacturers Association, Inc., 1913 
I Street N.W., Washington, DC 20006, Attn: Director of 
Scientific Affairs, in the form of a series of articles entitled 
"An Industry Responds: A Technical History of the CSMA 
Aerosol Warehouse Storage Fire Protection Research Pro- 
gram." 

Aerosol warehouse storage fires, using standard fire test 
ignitors, begin as cardboard fires. The fire grows up the 
flue, burn ing  off the aerosol carton faces, and there is usu- 
ally a flame 5 to 10 ft above the top of the array before the 
first aerosol can ruptures and aerosols become involved in 

tile fire. Depending on the type of aerosol, the first can 
rupture  tends to occur at 30-60 seconds after ignition in 
rack storage arrays and 90-120 seconds in palletized stor- 
age arrays. 

When aerosol containers begin to rupture,  some of the 
heat from the fuel added by the aerosol goes quickly to the 
ceiling, while some is absorbed into other aerosol contain- 
ers, br inging them closer to, or exceeding, their burst pres- 
sure. Early application of adequate densities of sprinkler 
water is the most effective way to control or suppress an 
aerosol fire, avoiding a chain reaction that can lead to loss 
of control. For this reason, ESFR protection is especially 
effective tor aerosol products. 

Table B-I Standard Spray Sprinkler Tests 

1. Test Location: 

2. Ignition: 

3. Protection/Ceiling: 

4. Protection/In-Rack: 

Factory Mutual Test Center, West Gloucester, Rhode Island, 30 ft (9 m) 
high test site. 

Two cellucotton rolls - 3 in. dia. × 3 in. long, (7.5 x 7.5 cm) each 
soaked in 4 oz (118 ml) of gasoline. 

t/,2 in. (12.7 mm) orifice, 286°F (141°C) [165°F (74°C) in Test No. 6]; 10 ft 
x 10 ft (2.5 m x 2.5 m) spacing; approx. 0.30 gpm/ft=' (12.2 Lpnl/m 2) 
density. 

Three I/2 in. (12.7 mm) orifice, 165°F (74°C) rated, upright sprinklers at 
the frst,  second and third tier levels; 30 psi (207 kPa) discharge pressure. 

5. Test No. 1 2 3 4 5 6 7 

6. Type of Aerosol 
Base Product Mcohol Mcohol Toluene Mcohol Toluene Alcohol Toluene 

7. No. of Pallet Loads: 8 24 8 12 12 8 1 

8. Storage Configuration Rack Rack Rack Palletized Palletized 2x2x2 Palletized 

9. No. of Ceiling Sprinklers 
Operated 13 16 43 4 92 64 36 

10. Time of Operation of First 
Sprinkler (Min:Sec) 1:52 2:06 2:19 3:05 3:03 1:26 9:23 

11. No. of In-Rack 
Sprinklers Operated 5 6 5 . . . .  

12. Maximum Near-Ceiling 
Gas Tempera ture  1292 1334 1493 938 2216 1789 1905 
°F (°C) (700) (723) (812) (503) (1213) (976) (1040) 

13. Time of Maximum Gas 
Tempera ture  (Min:Sec) 3:19 5:41 3:48 3:09 4:54 4:26 9:58 

14. Time Above 1000°F 
(538°C) . . . .  2:16 3:32 0.52 

15. Maximum Near-Ceiling 
Steel Tempera ture  642 815 973 378 1439 --  626 
°F (°C) (339) (435) (503) (192) (782) --  (330) 

16. Aisle Jump? No No Yes No Yes --  --  

17. Fire Controlled? Yes Yes No Yes No No No 
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Table B-2 Standard Spray Sprinkler Tests 

1. Tes t  Location: 

2. Igni t ion:  

3. Protect ion/Cei l ing:  

4. Protect ion/  
In-Rack: 

5. 

6. 

Factory Mutual  Tes t  Center ,  West Gloucester ,  Rhode  Island, 30 ft (9 m) high test 
site. 

Two  cel lucot ton rolls - 3 in. d iam x 3 in. long (7.5 x 7.5 cm) each soaked in 4 oz 
(118 ml) of  gasoline. 

17/:~,, in. (13.5 ram) orifice, 286°F (141°C); 10 f i x  10 fi (2.5 in x 2.5 m) spacing. 
[Tests 1-3, 5, and 9.] 
I/2 in. (12.7 ram) orifice, 286°F (141°C); 10 ft x 10 ft (2.5 m x 2.5 m) spacing. 
[Tests 4, 6-8, and 10.] 

T h r e e  1/2 in. (12.7 ram) orifice, 165°F (74°C) rated,  up r igh t  spr inklers  pe r  tier; 30 
psi (207 kPa) d ischarge  pressure.  

Tes t  No. 1 2 3 4 5 6 7 8 9 10 

Ceil ing Spr ink le r  
Density (gpm/ft  2) 
(Lpm/m 2) 

7. T y p e  of  Aerosol  
Base Product  

0.6 0.6 0.6 0.3 0.6 0.3 0.3 0.3 0.6 0.3 
(24) (24) (24) (12) (24) (12) (12) (12) (24) (12) 

To lu -  To lu-  To lu-  To lu-  Alco- Per- Deodo-  Tolu-  
ene  ene  ene  ene  Paint hol fume rant  ene  Butane  

8. 

9. 

10. 

11. 

No. of  Pallets 8 12 24 24 10 1 1 1 24 1 

Storage  Conf igu-  
rat ion (r = rack, 
p = palletized,  
3 x 4 x 1 high) 

No. of  Cei l ing 
Spr inklers  
O p e r a t e d  

T i m e  of  Opera t ion  
of  First Spr ink le r  
(min:sec) 

P 
r p r r p - - - (2 high) 

12 4 5 5 18 4 0 3 44 

1:37 2:33 3:37 2:15 2:35 4:21 - 4:13 2:07 

12. No. o f l n - R a c k  
Spr inklers  
O p e r a t e d  6 - 5 1 . . . . .  

13. M a x i m u m  Near-  
Cei l ing Gas 
T e m p e r a t u r e  1527 1177 790 1410 1343 697 165 520 2162 
°F (°C) (830) (636) (421) (765) (728) (369) (74) (271) (1183) 

14. T i m e  of  M a x i m u m  
Gas T e m p e r a t u r e  
(min:sec) 

15. T i m e  Above 
1000°F (538°C) 

16. M a x i m u m  Near-  
Ceil ing Steel 
T e m p e r a t u r e  
°F (°c) 

17. Aisle J u m p ?  

18. Fire Cont ro l led?  

372 
(189) 

3:32 2:34 3:32 2:17 4:02 4:27 4:50 3:57 4:03 6:13 

2:28 0:04 0:28 0:44 0:06 - - - 4:56 

835 417 213 375 323 170 100 177 1557 243 
(446) (214) (101) (191) (162) (77) (38) (80) (847) (117) 

Yes No Yes No Yes - - - Yes - 

Yes Yes Yes Yes Yes Yes Yes Yes No Yes 
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Table  B-3 Tests  on Product  and Packaging  Changes  

DATA SUMMARY SERIES 1 

Test 1 2 3 4 5 

Aerosol Base Product Paint Paint Paint Paint Paint 

Packaging Variable --  Rim-Vent- Fire Retar- Shrink- Methylene 
Release Cans dant  Cartons Wrapped Chloride 

Pallets Solvent 

6 

Paint 

Metal 
Overcaps 

TEST RESULTS 

Sprinklers Operated 4 33 4 30 28 5 

Maximum Ceiling Temp. 1010 2141 980 1525 1881 1220 

Time of First Can Rupture 1:31 1:20 1:56 1:25 1:18 1:36 

1st Sprinkler Activation 2:15 1:40 2:40 2:13 1:45 1:55 

Final Sprinkler Activation 2:22 5:09 4:12 5:22 4:55 3:06 

Est. Product Damage 60% 70% 40% 80% 70% 75% 

Comments Fire con- Fire built Fire con- Increased Increased Fire con- 
trolled by rapidly out trolled by fire intensity fire intensity trolled by 
four sprin- of control, four sprin- after 4 after 3 five sprin- 
klers in 9-10 reaching klers in 6 minutes minutes klers in 9-10 
minutes, maximum minutes, required test required test minutes. 

intensity at after slow to be to be 
6 minutes, fire develop- aborted at aborted at 

ment  5:20. 4:30. 

All Tests: 20 ft ceiling (tests conducted on 40 ft by 40 ft metal platform); I/2 in. orifice sprinklers 
with 286°F links installed 10 ft apart; 29 psi constant water pressure delivering 0.3 
gpm per sq ft; 2-pallet array spaced 1 ft apart with ignition between pallets by two 
half-ignitors (plastic bags containing 4 oz heptane on cotton rolls). 
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T a b l e  B-4 I n t e r m e d i a t e  Sca l e  T e s t s  

D A T A  S U M A R Y  S E R I E S  2 

T e s t  1 2 3 4 5 6 

Furniture Laundry Toluene/  
Aerosol Base Prodt, ct Hairspray Hairspray Air Freshener Polish Pre-Wash A-70 

Pallet Configuration 2 x 2 x 2  2 x 2 x 3  l x 2 x 1  l x 2 x l  l x 2 x l  l x 2 x l  

Sprinkler I/2 ill. 17/32 in. I/,, in. 1/,2 in. I/,, in. l/,, in. 

Link Temp.,  °F 160 160 280 280 280 280 

Water Pressure, psi 30 30 30 30 30 30 

Water Density, gpm/sq ft 0.3 0.43 0.3 0.3 0.3 0.3 

TEST RESULTS 

Sprinklers Operated 

Maximum Ceiling Temp.,  
o F 

Time of First Can Rupture 

I st Sprinkler Activation 

Final Sprinkler Activation 

Est. Product Damage 

Comments 

MI Tests: 

33 23 l 3 3 16 

1761 1475 659 603 653 1855 

1:48 1:50 1:45 1:54 1:51 1:50 

2:02 2:05 3:05 6:08 4:17 2:16 

6:36 4:50 --  6: l 0 4:20 4:48 

50% 75% 20% 50% 75% 65% 

Poor Intensity of Fire easily Fire con- Fire reason- Intense fire 
control; fire required controlled in trolled in ably well for 8-10 
intense fire test to be 5 minutes by 9 minutes controlled minutes 
for 15 ram- aborted at single sprm- after slow in 10-12 before any 
utes. 8:20. kler. fire build- minutes, control 

up. established. 

20 ft ceiling (tests conducted on 40 ft by 40 ft metal platform); ignition by two half- 
ignitors (plastic bags containing 4 oz heptane on cotton rolls); sprinklers installed on 
10 ft grid. 
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Table B-5 Large-Drop Spr ink ler  Tests  - Intermediate-Scale  

DATA SUMMARY SERIES 3 

Test I 2 3 4 5 6 7 

Paint 
Furni ture  (RVR/ 

Aerosol Base Product Hairspray Hairspray Hairspray Paint Polish Paint MeCI)* 

Pallet Configuration 2 x 2 x 3  2 x 2 x 3  2 x 2 x 3  2 x 2 x 3  2 x 2 x 3  2 x 2 x 2  l x 2 x l  

Sprinklers 17/:~2 in. 0.64 in. 0.64 in. 0.64 in. 0.64 in. 0.64 in. I/2 in. 

Link Temp.,  °F 160 160 160 160 160 160 280 

Water Pressure, psi 56 50 25 75 50 75 30 

Water Density, gpm/ft °" 0.6 0.8 0.56 0.96 0.8 0.96 0.3 

TEST RESULTS 

Sprinklers Operated 4 4 18 4 4 4 36 

Maximum Ceiling Temp.,  
°F 1080 1645 1439 1350 1068 1111 2163 

Time of First Can Rupture 1:48 1:45 1:46 1:35 1:56 1:47 1:20 

1st Sprinkler Activation 1:56 [:54 1:53 1:43 2:27 2:01 1:47 

Final Sprinkler Activation 2:00 2:01 4:52 1:47 2:28 2:08 3:24 

Est. Product Damage 20% 20% 50% 40% 20% 20% 90% 

Comments Fire con- Fire fully Inade- Fire mar- Fire cola- Fire well very 
trolled in suppressed quate con- ginally trolled in controlled intense 
6-8 min in 10 rain. trol led to controlled, 5-7 rain. in 4-5 fire; test 
and sup- 18 sprin- but poten- rain. aborted at 
pressed by kler activa- tial for fire 3:20. 
15 rain/ tions; spread. 

potential 
for fire 
spread. 

*Rim-vent-release container; methylene chloride solvent. 
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Table B-6 Large-Drop Spr ink ler  Tests  - Large Scale and Intermediate-Scale  

DATA SUMMARY SERIES 4 

Test 1 2 3 4 5 

Laundry 
Paint Hairspray Pre-Wash Anti-Perspirant  Paint 

2-High 3-High 2 x 2 × 2  2 × 2 × 3  2 x 2 × 3  

0.64 0.64 0.64 0.64 0.64 

160 160 160 160 160 (150 RTI*) 

75 50 50 75 75 

0.96 0.8 0.8 0.96 0.96 

Aerosol Base Product  

Pallet Configurat ion 

Sprinkler  

Link Temp. ,  °F 

Water  Pressure, psi 

Water  Density, gpm/sq ft 

TEST RESULTS 

Sprinklers Opera ted  

Maximum Ceiling Temp. ,  
o F 

Time of  First Can Rupture  

1st Sprinkler  Activation 

Final Sprinkler  Activation 

Est. Product Damage 

Comments  

4 7 4 7 4 

1158 1337 1116 1520 895 

1:30 1:33 2:24 1:45 1:34 

1:49 1:44 2:52 1:49 1:43 

1:52 3:42 3:09 6:43 1:48 

- -  - -  15% 50% 25% 

Fire well con- Fire well con- Fire well con- Moderate  con- Fire well con- 
trolled in 3-4 trolled in 6-7 trolled in 5 trol, fire per-  trolled in 5 
minutes; sup- minutes, minutes; sup- sisted 25 minutes; sup- 
pressed in 15- despite 2 sprin- pressed within minutes; proba-  pressed in 15- 
20 min. No fire kler malfunc- 10-15 minutes, bility for fire 20 minutes. 
spread,  tions. No fire Fire spread spread.  Fire spread 

spread,  unlikely, unlikely. 

*Response Time Index of  150 
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30B-32 MANUFACTURE AND STORAGE OF AEROSOL PRODUCTS 

Table B-7 ESFR Tests  

Test 1 2 3 4 5 6 7 8 9 

Aerosol Base Hair  Hair  Hair  
Product Spray Paint Paint Paint Paint Paint Spray Spray Paint 

Aerosol Product 
Classification Level 2 Level 3 Level 3 Level 3 Level 3 Level 3 Level 2 Level 2 Level 3 

Array Rack Rack Palletized Rack Rack Rack Rack Rack Rack 
Stack 18'10" 13'10" 15'6" 13'7" 13'10" 13'10" 13'10" 18'10" 13'10" 
Ht. (meters) (5.7) (4.2) (4.7) (4.1) (4.2) (4.2) (4.2) (5.7) (4.2) 

Ceiling 
clearance 6'2" 11'2" 9'6" 4'2" 11'2" 15'0" 15'0" 10'0" 15'0" 
(meters) (1.9) (3.4) (2.9) (1.3) (3.4) (4.5) (4.5) (3) (4.5) 

No. of Sprinklers 
above Ignition 
Point 4 4 4 2 1 1 1 2 1 

Time of  First 
Sprinkler  Operat ion 
(min:sec) 1:02 0:42 0:49 0:55 0:35 0:36 0:34 0:56 1 : 15 

Time of  Last 
Sprinkler  Operat ion 
(min:sec) 1:11 1:06 1:36 6:33 0:35 2:06 0:34 3:44 

Total  Sprinklers 
Opera ted  4 4 4 5 1 61 1 14 1 

Peak Temp. ,  °F 1045 565 713 1421 256 1447 223 995 200 

Time of  First 
Container  Rupture  1:03 1:01 1:29 0:52 None 0:44 0:46 1:01 0:10 

NOTE: All of  the above tests, except for Test  9, were conducted with 50 psi (3.45 bar) opera t ing  pressure.  Test  9 used 
75 psi (5.2 bar). 
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I. Rack Storage Arrays. 

The  rack storage configuration is ideal for promot ing  
fire development.  The  fuel is suppor ted  so that air has 
access to the fire from all sides and so that the stored com- 
modity does not topple over, as it would in solid pile stor- 
age. A rack also has many areas that are shielded from ceil- 
ing sprinkler  discharge. 

Fire tests of  rack storage configurations shows a very 
consistent development  pattern:  the fire starts at a point  
and widens as it moves up the storage array, like a "V." 
When the fire reaches the second tier of  storage, the flames 
fan out along the bottom of  the pallet above and spread 
laterally to the face of  the rack. Fireballs from rup tur ing  
aerosol cans, which usually measure 10 ft in diameter ,  also 
spread fire to the face of  the rack. Once the fire is estab- 
lished en the face of  the rack, the fire spreads rapidly 
upward and outward horizontally in the classic "V" pat- 
tern, thus exposing more of  the commodity.  The  fire on 
the face of  the rack and within the transverse flue spaces of  
the rack structure also causes more aerosol containers to 
rupture .  As addit ional  containers rupture ,  uninvolved con- 
tainers on the interior  of  the pallet load are now exposed 
to the fire. 

Fire can j u m p  the aisle space between two rows of racks 
in several ways. If  the fire is severe enough,  the radiant  
energy alone may be sufficient to ignite combustible car- 
tons or  commodit ies in the exposed rack. Fireballs from 
ruptur ing  aerosol cans are large enough to engulf  adjacent  
racks with flame. Occasionally, burning  flammable liquid 
may be ejected from rup tu r ing  containers with enough 
force to reach the exposed storage. 

In-rack sprinklers,  located in the longitudinal  flue space, 
are highly effective in prevent ing the fire from crossing 
into the other  half  of a double-row rack. Even in fire tests 
that were failures (i.e., the fire j u m p e d  the aisle to involve 
the target  array), these in-rack sprinklers were successful in 
s topping the fire at the flue space. Cartons were burned,  
but no aerosol containers rup tured .  

In-rack sprinklers located at the face of  the rack struc- 
ture have been shown to stop the spread of  fire up the face 
of  the rack. Thei r  position within the rack structure allows 
them to wet down the face of  the storage array that fronts 
on the aisle. This reduces the demand  on the ceiling sprin- 
kler system, which allows a reduction in the design density 
of  the ceiling sprinkler  system. Also, the Early Suppression- 
Fast Response (ESFR) sprinkler  head operates  fast enough 
and discharges water at a high enough density that it is 
capable of  prevent ing fire spread up the face of  the rack. 

II.  Palletized Storage Arrays. 

Palletized storage does not offer the same conducive 
conditions for fast fire growth as rack storage, but  can 
result in persistent fires if sprinklers are not designed for 
p rope r  protection. 

Early aerosol fire tests showed that s tandard  spray sprin- 
kler protection had difficulty controll ing Level 2 and Level 
3 aerosol products  stacked more than 5 ft high under  a 30- 
ft ceiling. A major testing p rogram sponsored by the aero- 
sol industry was therefore begun to seek more cost effective 
storage and protection alternatives. 

The  first series in that p rogram investigated packaging 
and formulation alternatives in a series of small scale tests 
on Level 3 aerosol paint  products ,  protected by s tandard 
spray sprinklers (1/2 in. orifice) under  a 20-ft ceiling. The  
packaging variables were r im-vent-release cans, shrink- 
wrap replacing cardboard  cartons, metal instead of  plastic 
overcaps, fire-resistant cardboard  cartons, and methylene 
chlor ide replacing some of  the pe t ro leum distillate sol- 
vents. 

None of  these alternatives proved significantly beneficial 
as compared  to the s tandard "control" aerosol product .  
The  rim-vent release, shrink-wrap,  and methylene chloride 
alternatives resulted in harder- to-control  fires. The  metal 
overcap product  was essentially equivalent to the control. 
The  fire-resistant cartons primari ly resulted only in delay- 
ing the fire build-up,  but  had little benefit  once aerosols 
were involved. 

Fur ther  aerosol fire testing evaluated higher  water den- 
sities and larger-orifice sprinkler  heads to protect  higher  
stacking in palletized storage arrays of Level 1, 2, and 3 
aerosol products  under  low to medium ceiling heights (20 
to 25 ft). Numerous  successful protection alternatives were 
found. To proper ly  protect  each class of  aerosol p roduc t  
stored in higher  stack height and higher  ceiling height sce- 
narios was found to require  higher  water densities from 
larger orifice (17/32 in. to 0.64 in.) sprinklers fitted with low 
tempera ture  (160°F) fusible links. 

The  final improvement  in aerosol fire protection was 
found through the use of  an even faster response sprin- 
kler. ESFR sprinklers,  which are fitted with extremely fast- 
responding,  low-temperature  links (160°F, Response Time 
Index  = 50), were found able to protect  high-stack pallet- 
ized aerosol product  storage under  ceilings up to 30 ft 
high, as well as rack storage without in-rack sprinklers.  In 
virtually all of  the successful ESFR tests, the fire was not 
only controlled, but quickly suppressed and,  in some cases, 
totally extinguished. The  success of  ESFR protection for 
aerosol product  storage may be primari ly due to the ability 
of  these sprinklers to activate due to the ca rdboard  fire and 
begin to fight the fire before any aerosols are involved. 

Appendix C Determining the Classification Level 
of  Aerosol Products 

This Appendix is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 

Section 1-7 of  this code provides formulat ion-based cri- 
teria for classifying aerosol products  into three categories 
requir ing different levels of  protection. These criteria are 
based on dozens o f spr ink le red  fire tests and other  relevant 
data on current  aerosol p roduc t  formulations. Since exact 
aerosol formulation data is often proprie tary,  it will be nec- 
essary for aerosol manufacturers  to classify each aerosol 
product  and communicate  that information to those who 
require  such information, through carton marking,  mate- 
rial safety data sheets, or  o ther  appropr ia te  means. 

There  are also s tandard  fire test procedures  that may be 
used to de termine  the classification levels of aerosol prod-  
ucts. Where  such data exists, it should be used to identify 
that product ' s  classification and serve as the basis for fur- 
ther modifications in the formulation-based criteria. 
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