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N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document, write to the Secretary, Standards Council, National Fire Protection 
Association, 1 Batterymarch Park. P.O. Box 9101, Quincy, MA 02269-9101. 

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

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

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

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products 
of combustion in a fire environment. The Board has, therefore, asked all NFPA technical committees to review the 
documents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion. 

Licensing Provision--This document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Reference--Publ ic  authorities 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 adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary. Standards Council) in writing of such use. The term "adoption by reference" means 
the citing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers only upon 
written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free license to 
print and republish this document in whole or in part, with changes and additions, if any, noted separately, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of law, provided that: (I) 
due notice of NFPA's copyright is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jurisdiction's  lawmaking or rule-making process. B. 
Once this NFPA Code or Standard has been adopted into law, all printings of this document by public authorities 
with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its contents 
as adopted by the jurisdiction in whole or in part, in any form, upon written request to NFPA (Attention: Secretary, 
Standards Council), will be granted a nonexclusive license to print, republish, and vend this document in whole 
or in part, with changes and additions, 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 continue the work of NFPA and its vol- 
unteers in continually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rule-making powers may apply for and may receive a special royalty where the public interest will 
be served thereby. 

3. Scope of License G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document. 

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

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, or for the 
completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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This  c(lition oi N FI'A 2001, ,~laml.rd . .  ( , 'h' . . . . lgr./I:irr Exli .gt6dtm~ .7)'~h'm~, wlis pre- 
pared  by the T c d m i c a l  C ;omnlittet" on Alternative Protection ()pti tms to I hihm ;ind acted 
on by tl'lc National Fire I'rotectiolu Association, Inc. at its Fall Nlcctin,~- held November  
15-1S, 1993, in Phoenix, AZ. It was issued by the Standards (',oumil on j ,muary 14, 
1994, with ,m effective date of  Fcl)rumv 11, I(,i94. 

The 1994 cdition of this (l(~cumcnt has been ~q~proved by the Americ:u/ N:ttiomd 
S t a l l d a l d s  l tIM it u t e .  

Origin and Development of NFPA 2001 

T h e  Technical  ( :onnni t tcc  on .khcrn~ltive l ' ro tecdon ()pt ions to l l:don w~is organized  
in 1991, and inuncdiatc lv  st~utcd work to address the new total f looding clc~m agents 
[h~lI were being deve loped  to replace [la]ol/ 1301. A need existed on how to design, 
install, maintain,  and opera te  systems using these n e w t  lean agents,  and NFP: \  2001 was 
established to ~lddrcss these nci_xln. This  is the fhst edit ion of  NI:I 'A 2001. 
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N F P A  2001 

Standard on 

Clean Agent Fire Extinguishing Systems 
1994 Edi t ion  

N()TI(',E: An asterisk (*) tblhm'ing lhe nunll~cr or h'ttcr 
designating a paragraph indicalcs explanatory matcri,d on 
that paragral)h in Appendix A. 

lnfornmtion <m referenced publications can bc tound in 
Chapter 5 and Appendix (L 

Chapter  1 General  

1-1 Scope .  This  s t andard  conta ins  min innmt  r equ i re -  
nlents lo t  total t looding,  clean agent  tire ex t inguish iug  svs- 
tents. It does not cover  lire ex t ingu ish ing  systems that use 
carbon dioxide+ t l ahm 1301, t t ahm 1211, l l a h m  2-t02, or  
water,  which are addt+essed by o ther  NFPA documents .  

1-2 Purpose. 

1-2.1 T h e  agents  in this s t andard  were  i n t roduced  in 
response to international restrictions on tile product ion of  
certain hahm tire ext inguishing agents unde r  the Montreal 
Protocol signed September  16, 1987, as amended.  This stan- 
dard  is prepared lbr the use and guklance of  those charged 
with purchasing+ designing,  i,lstalling, testing, inspecting, 
approving,  listing, operating,  and maintaining engineered  or  
p re -enginecred  clean agent ext inguishing sxslt'nls, so that 
such equipment  will lhnction as intended through<rot its l i tc 
Nothing in this standard is in tended to restrict new technol- 
ogies or  alternate arrangc,ncnts  provided tile level of  satbtv 
prescribed by this s tandard is not h>wered. 

1-2.2 No standard can bc pronlulgated that will provide all 
the necessary criteria tor the imltletnentation o f t  total thlod- 
ing. clean agent life ext inguishing svstenl. "l'echnoh~gy m this 
area is under  constant dcvelopntent  +, and this will be reflected 
in revisions to this standard. Thc  uscr of  this standard nntst 
recognize the complexity of  oh,an agent tire ext inguishing 
systems. There tore ,  tile designer  is cautio,led thai the stan- 
dard is not a design handl)ook. T h e  standard ihlcs not do 
away with the need tot the engineer  or  fi>r <<mtpetent engi- 
nee i i ng judgn l cn t .  It is in tended that a designer capable of  
applying a ntore contplete an<l r igorous analysis to special or  
unusual prolflems shall have latitude in tile <lcveh>tmtent <ff 
such designs, hi such cases, thc designer is rcsponsiblc lor 
demonstra t ing thc validity of  the approach.  

1-3 Definitions and Units. 

1-3.1 Def in i t ions .  For  purpose  o f  clarilic,ttion, the fol- 
lowing gencra l  ternts ltsc<l with special technical mcanings  
in this s tandard  are  det incd:  

Approved. Acceptable to the authority having jurisdiction. 

NOTE: The Nati<mal Fire Protection Associatiml does not 
approve, inspect, or ccrtit~' any installations, procedures, 
equipnwnt, or materials: nor does it apprmc or evaluate 
testing laboratories. In determining the actcptability ot 
installations, procedures, cqttipmetm or malerials, the 
atnhority haviug jurisdicti<m may base acccptancc on com- 
pliance with NFPA or other itppropriatc slandar<ls. In the 

absence <)f such standaMs, sam aulh.riLs may Icquh'c evi- 
dence of Im~pcr installation, procedure, or use. The ,mthority 
having jurisdktion max also refi'r to the listings or labeling 
practices of an organization concerned with product evalua- 
tions dmt is in a position to determine compliance with appro- 
lmatc stamlaMs lot Ihc CtllTCnl production of listed items. 

A u t h o r i t y  Having Jurisdict ion.  T h e  o r g a n i z a t i o n ,  
otlice, o r  individual  responsible  tot  app rov ing  equ ipmen t ,  
an installation, or  a p rocedure .  

NOTE: The phrase "authority h,lvingjurisdiction'" is used 
in NFPA docunwnts in a broad manner+ since jurisdMi<ms 
and approval agencies vary, as do their responsibilities. 
Whc,+e public safi:tv, is primary, the authority having .juris- 
diction may be a R.deral, state, local, or other rcgi<mal 
department or indMdual such ~.s a tire chict:, tire marshal: 
chief of a titc prevention bureau,  labor department, or 
heahh departnmnt: building official; electrical inspector: or 
othcrs having ';t,ltut<>rv, atM/oritv. For insurance ptnposcs, 
an insurance inspcclion d(+p;11"ttllct11, 1-,tlitlg I)tlt'e:.ttt+ o1 
other  insurance company rcprcscntat ivc may bc the 
authority having jurisdiction. It+ m;itP¢ circumstant't's, the 
property owncr or his or her design:lied agent asstltncs the 
role of the auth<~ritv having ,jurisdicti<m: :tt gOVCl"11111t'lll 
installations, the ¢onmmnding ot|iccr or dcpartnwntal otti- 
cial may be the authority having+jurisdictitm. 

Clean Agent. Electrically nonconduc t ing ,  volatile, or 
gaseous fire ex l inguishant  that does not leave a res idue  
upon evapora t ion .  T h e  word  "agent  ++ as used in this docu-  
I l lenl  shall mean  "clean agen t"  unless otherwise  iudicated.  

Clearance.  T h c  air  d i s t a n c e  b e t w c e n  c l ean  a g e n t  
cqu ipmen t ,  inchMing p ip ing  and nozzles, and unetwh>scd 
or  un insu la tcd  livc clectrical l'<>nll)onents at o the r  than 
g r o u n d  potential .  

Engineered Systems. Those  requ i r ing  i n d M d u a l  cal- 
culation and design to d e t e r m i n e  the llow rates+ nozzle 
pressures+ pipe size+ ;tlea of  vohllt le p ro tec ted  I)y each noz- 
zle, quant i ty  of  clean agent+ and tile nun lbe r  and types o f  
nozzles and their  p lacement  in a specific system. 

Fil l  Densi ty .  T h e  mass of  clean agent  per  unit . t  + con- 
tainer  vo lume  (e.g., lb/ft :+, kg/m:).  

Halocarbon Agent. A clean agent  that contains as pri- 
lllal'V ( o l n p o l l e l l t S  o n e  o i  inol+c o l g a n i (  c o l n p o t l l l d s  COlltaill- 
ing <me or more  of  the elements  tluorine, chlorine, br<mline, 
()r iodine. Examt)les are hvdroflu<)rocarbons (I I FCs), hv(h+o - 
clflorolluor<icarb~ms ( 1 tCF(:s), and i)erlhmrocarl)ons (liFt is). 

Inert Gas Agent. A clean agent  that contains  as pri- 
Inal+y c o l n p ( ) n e n t s  o n e  o1 lnOlC ()t  the gases heliunl,  lle()ll,  
argon,  n i t rogen,  or  carl)on dioxide.  

Listed.  Equipment  or  n|a/erials included in a list pub- 
lished by an org:mization acceptable to the authority having 
jur i sd ic t ion  ar, d conce rned  with p roduc t  evaluat ion  that 
maintains periodic inspection of  product ion ot + listed equip- 
ment or  materials and whose listing states ei ther  that the 
equ ipment  or  material meets appropr ia te  standards or  has 
been tested and tound suitable tot  use in a speciticd nlanncr.  

NOTE: The means tot idcntit},'ing listed equipment may 
V;|l"V It)l" C;lC]l Ol+,~alliZation COll(UFI1C(I v.'it]l pl-odtl(l Cvithlil- 
tion, some of which do not rccogni,'c equipment as listed 
unless it is also labeled. The authority having +jurisdiction 
should utilize the system employed by the listing <>rganiza- 
tion to identity a listed product. 

1994 Edition 
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N o  O b s e r v e d  A d v e r s e  Effect  Level .  T h e  h ighes t  <'tm- 

centrat ion  at which  no  advc r sc  toxicological  or  physi<tlogi- 
cal effect has  b e e n  <>bserved. 

N O A E L .  See No ( ) l / se rved  Adverse  Elti~'t+t l+evel. 

N o r m a l l y  O c c u p i e d  Area.*  ( ) t ic  tha t  is i n t e n d e d  to t  
occupancy .  

P r e - E n g i n e e r e d  S y s t e m s .  T h o s e  h a v i n g  p r e d e t e r -  
mined  thtw rates ,  nozzle p ressures ,  a n d  quan t i t i e s  of  clean 
agent .  T h e s e  systems have  the  specilic p ipe  size, n l a x i m u n l  
an<l m i n i n l u m  p ipe  l eng ths ,  f lexible hose  speci l ica t ions .  
t m m b e r  t>f fit t ings, a n d  m n n t ) c r  a , ld types t , t  nttzzles pre- 
scribed by a tes t ing  lat)orator~.  T h e  haza r d s  p ro t ec t ed  by 
these  systenls  a re  specifically l imi ted  as to type a n d  size by 
a tes t ing  l abo ra to ry  based  u p o n  actual  t ire tests, l . imita-  
tittns on  haza rd s  th~tt can be p ro t ec t ed  bv these  systems are 
c o n t a i n e d  in the  m a n u t a c t u r e r ' s  ins ta l la t ion nmlmal ,  which 
is r e f e r e n c e d  as  p a r t  of  tile listing. 

Shal l .  Ind ica tes  a nu inda t<nv  r e q u i r e m e n t .  

S h o u l d .  Ind ica tes  a r e c o n n n e n d a t i t m  or  tha t  which  is 
advised  ])tit llOt r e q u i r e d .  

S u p e r p r e s s u r i z a t i o n .  T h e  add i t i on  of  a gas to the  fire 
s u p p r e s s i o n  a g e n t  c o n t a i n e r  necessary  to ach ieve  tile pres-  
stn+e re t tu i r ed  titr p r o p e r  system o p e r a t i o n .  

T o t a l  F l o o d i n g .  A svstenl  cons i s t iug  o f  a s u p p l y  o f  
clean a g e n t  a r r a n g e d  to d i s c h a r g e  into,  a n d  fill to the  
p r o p e r  COllCelltratitlll, ;ill etlCIosed st)ace Ol + e n c l o s u r e  
all)out the  haza rd .  

1-3.2 U n i t s .  

1-3.2.1 Mctr ic  uni ts  of  m c a s u r e m e n t  in this s t a n d a r d  are 
in acc t t rdance  with the  n lo ( le rn ized  nletr ic  sxstenl  k n o w n  
as tile I n t e r n a t i o n a l  Svstenl of  1!nits (Sl). l ' w o  un i t s  (l i ter 
a n d  bar) ,  ou t s ide  of  but  r ecogn ized  b y  SI, a re  c o n n n o n l v  
used ill i n t e r n a t i o n a l  fire p ro tec t ion .  T h e s e  uni ts  a re  listed 
in F a b l e  1-3.2 with conve r s ion  titctors. 

1-3.2.2 l [ a  va lue  f o r  m e a s u r e m e n t  as g iven  in this s tan-  
d a r d  is tolh>wed lly an  equiva len t  vahte  in o t h e r  uni ts ,  t im 
[irst s ta ted  is tit be r e g a r d e d  as tile r e q u i r c m e n t .  A given 
e t lu ivalent  vahte  nlay be a p p r o x i m a t e .  

Table 1-3.2 Metric Conversion Factors 

Name of  Unit Unit Symbol Conversion Factor 

millimeter m m  1 in. = 25.4 mm 
lilcr l ,  1 gal 3.785 I, 
tubic dcdmcter  dtn ~ 1 gall = 3.785 dtn ~ 
cul>ic m e i e r  |11% I 1i :~ - 0 .028317  m 
kihlgram kg 1 I1> = 0. t'>36 kg 
kilograms per 

cubic mete r  kg/m + 1 II)/ti ~ - 16.0182', kg/m 
pascal Pa 1 psi = 6895 Pa 
bar  bar 1 psi - 0 .0689  bar 
har  bar 1 bar  - I0-' Pa 

NOTE I: t:ot additional tonversion,; and inl;wnmtiml see ASI M E380, 
.Standard/m 3dehlc Practl¢ c. 
N() fE 2: In (;anad:l reler tl~ (2anadmn .'i, lctll* Ibmh*c (;tilde, (',".,.\ Sldnddfd 
(,:XN3-A23,t.  1-79. 

1-4 G e n e r a l  I n f o r m a t i o n .  

1-4.1" A p p l i c a b i l i t y  o f  C l e a n  A g e n t s .  

1-4.1.1 T h c  clean : tgents a d d r e s s e d  ill this s t a n d a r d  are  
electrically noncond t , c t i ve  agen t s  tha t  ex t ingu i sh  fires a n d  
leave no r e s idue  u p o n  evapo ra t i on .  

1-4.1.2" Clean  agen t s  thai  meet  the  cr i te r ia  of  1-4.1.1 a n d  
arc discussed in this  s t a n d a r d  a re  shown  ill T a b l e  1-4.1.2. 

Table 1-4.1.2 Clean Agents Addressed in this Standard 

F(;-3-1 - l 0 tk 'rlhmrolmtanc C IFI< I 
IIBFC-22BI Brmnoditlul~romcthane CH Fel+h" 
ltCF(; Blend A I)iddorotri l luoroethanc CII(;I=,CF:~ 

11(;FC-123 (4.75<~) 
Chh:,vc, dilhloromet hanc 

I ICFC-22 (82c,,t) C11CI I+ 2 
(;hhlrotet ralhun-octhanc 

t I( IFC- 12+I (9.3']~) CH( ii F( W 3 
lsopropcnyl-l- 

met hyl¢ ?,'t h~hcxcnc 
(3.75(7¢ ) 

| t CF( ;- 124 ( ;h h n+t~tcl ra tt uoroct h;mc ( : H C 1 F(; F:~ 
HFC-125 l 'entalluorocthane CHFe(;F:~ 
H F(;-227ea t Iclmlfltmropropane C F:~( ;l 1 F( :F:~ 
t t FC-23 " l ' r i f l u o r o n l c t h a n c  ( 11+t F:~ 
1(;-5 t I Nitrogen (52q) N,, 

Argon (+I0%) Ar 
( :arb(m di(~xidc (85{) ( :( ),, 

NOI E I: ()tiler a g e n l  ~, ula 'v beKollle a'~ailal)le at l a l e r  dates. lhev max be 
added \'l;I tile N FI',,\ proce~,s it] t:utm e ed l l iOl lS  oF ; l l l le l ldl l lCl l t ! . ,  o f  0/e smnt[aud. 
NOTE 2: Comlmsition ot 1(;-5.tl is given m percent by volume. (hmlpOSl- 
tirol t~t It(WC Blend A is Riven in pcrctqlt 1~, weight. 

1-4.1.3 T h e  des ign,  insta l la t ion,  service,  a n d  m a i n t e n a n c e  
of  clean agen t  systems shall be p e r f i n n l e d  by those  skilled 
in c lean agen t  fi're e x t i n g u i s h i n g  system technology .  

1-4.2 U s e  a n d  L imi ta t ions .  

1-4.2.1 l ' r e - e n g i n e e r e d  systems consist  of  systenl c o n l p o -  
nen t s  d e s i g n e d  to t)e insta l led a c c o r d i n g  to p r e t e s t e d  limi- 
ta t ions  as listed by a tes t ing  labora tory .  P r e - e n g m e c r e d  svs- 
tenls  m i g h t  i n c o r p o r a t e  special nozzles, flow rates,  nletll~ids 
of  appl ica t ion ,  nozzle p l accnmnt ,  and  p re s su r i za t ion  levcls 
that  migh t  d i l t e r  t i o m  those  de ta i led  e l sewhere  in this  s tan-  
da rd .  All o t h c r  r e q u i r e m e n t s  of  the  s t a n d a r d  apply.  Pro- 
e n g i n e e r e d  systems shall be instal led tt> p ro tec t  h a z a r d s  
wi th in  the  l imi ta t ions  tha t  have  been  es tab l i shed  bv the  
tes t ing  l abora to r i e s  w h e r e  listed. 

1-4.2.2 Clean  agen t  fire e x t i n g u i s h i n g  systems are  useful  
wi th in  the  linlits of  this s t a n d a r d  in e x t i n g u i s h i n g  tires in 
specific h a z , n d s  or  e q u i p m e n t  a n d  in occupanc ies  w h e r e  an  
electrically n o n c o n d u c t i v e  m e d i u n l  is essential  o r  des i rab le ,  
or  w h e r e  c l e a n u p  of  o t h e r  n ledia  p re sen t s  a prot) lem.  

1-4.2.3 Tota l  f looding,  c lean agen t  fire e x t i n g u i s h i n g  sys- 
t ems  are  used  p r i ,na r i ly  to p ro t ec t  h a z a r d s  tha t  a re  in 
enc losures  tit" e q u i p n l e n t  that ,  in itself, inch tdes  an  enclo-  
sure  to con ta in  the  agent .  Some  typical haza rd s  tha t  may 
be sui table  inc lude ,  bu t  are  no t  lml i ted  to, the  following: 

(a) Electrical a n d  e lec t ronic  h:l;,ards; 

(b) T e l e c o n l m u n i c a t i o n s  tacilities: 
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(c) Flammable and combustihle liquids and gases; and 
(d) () ther  high value assets. 

1-4.2.4" Clean agent  systems might  also be used for 
explosion prevention and suppression where tlamnmble 
materials might collect in confined areas. 

1-4.2.5 Clean agents shall nut be used on tires involving 
the following materials, unless they have been tested to the 
satist~tction of  the authority having,jurisdiction: 

(a) Certain chemicals or mixtures of chemicals, such as 
cellulose nitrate and gnnpowder ,  that are capable of rapid 
oxidation in the absence of air; 

(b) Reactive metals such as lithium, sodium, potassium, 
magnesium, titanium, zirconium, uranium, and plutonium; 

(c) Metal hydrides; or 

(d) ( ]hemicals  capat)le of  u n d e r g o i n g  a u t o t h e r m a l  
decomposi t ion ,  such as certain organic  peroxides  and 
hvdrazine. 

1-4.2.6 Electrostatic charging of  nongrounded  conduc- 
tors may occur dur ing  the discharge of  liquefied gases. 
+I'hese conductors may discharge to other  objects, causing 
an electric arc of sufficient energy to initiate an explosion. 
(See NFPA 77, Recommended Practice on Static Eleetricih+.) 

1-4.2.7 Where  clean agent systems are used, a tixed 
enclosure shall be provided about the hazard that is ade- 
quate to enable the specilied concentration to be achieved 
and maintained tot the specified per iod of time. 

1-4.2.8" The  efl~ects of agent decomposit ion on tire pro- 
tection efl~_'ctiveness and equipment  shall be considered 
where using clean agents in hazards with high ambient 
tentperatures (e.g., turnaces and ovens). 

1-5 Safety. 

1-5.1 Hazards to Personnel. 

1-5.1.1" Unnecessary exposure  to all clean agents and 
their decomposit ion products  shall be avoided. Agents for 
which the design concentration is equal to <w less than the 
NOAEL shall he permit ted tot use in normally c)c¢:ul~ied 
areas. Agents ti)t which the design concentration is greater  
than the NOAEL shall not be permit ted fbr use in normally 
occut)ied areas. 

+1"o kee t) oxygen concentrations above 16 percent,  the 
point  at which onset  of  impa i r ed  pe r sonne l  function 
occurs, no hahwarbon fire extinguishing agents addressed 
in this s tandard shall be used in a normally occupied area 
of concentlat iou greater  than 24 percent. 

1-5.1.2" Safety Requirements. For fire situations, suitable 
safegnards shall be provided to ensure prompt evacuation of 
and prevent entry into hazardous atmospheres and also to 
provide means fin prompt  rescue of any trapped personnel. 
Satety items such as personnel training, warning signs, dis- 
charge alarms, self-contained breathing apparatus, evacua- 
tion plans, and fire drills shall he considered. 

1-5.2 Electrical Clearances. 

1-5.2.1 All system components  shall he located to main- 
tain no less than minimum clear.races f iom energized elec- 
trical parts. The tollowing rel~.rences shall be considered as 

the min imum electrical clearance requi rements  for the 
installation of clean agent systems: 

(a) ANSI (:-2, National Elechical S<¢ely Code 

(b) NFPA 70, National Elechical Code ~v+ 

(c) 29 (',FR 191(t Subpart  S. 

1-5.2.2 Where the design basic insulation level (BIL) is 
not available, and where nominal voltage is used fi)r the 
design criteria, the highest minimum clearance listed fbr 
lifts group shall be used. 

1-5.2.3 The  selected clearance to g round  shall satisfy the 
greater  of the switching surge or BII+ duty, ra ther  titan 
heing based on nominal voltage. 

1-5.2.4 The  clearance between uninsula ted  energ ized  
parts of  the electrical system equipment  and any port ion of  
the clean agent s)'stem shall not be less than the nfinimum 
clearance provided elsewhere tor electrical system insula- 
tinns on any individual component .  

1-5.2.5 Where BII, is not available and where nominal  
voltage is used fi)r the design criteria, the highest mini- 
mum clearance listed for this group shall be used. 

1-6" Environmental Factors. When selecting an agent  to 
protect a hazard area, the etl?ects of the agent on the envi- 
ronment  shall he considered. Selection of  the appropr ia te  
tire suppressant agent shall include consideration of  the 
tollowing items: 

(a) Potential environmental  effect of  a fire in the pro- 
tected area; and 

(b) Potential environmental  efti:ct o f  the various agents 
that may bc used, 

1-7 Retrofitabili ty,  Retrofitting of  an)' clean agent into 
an existing fire extinguishing system shall result in a sys- 
tem that is listed or a p p r o v e d  

1-8 Compatibility with Other Agents, 
1-8,1" Mixing nfc lean agents in the same container shall 
he permit ted only if the system is listed. 

1-8.2 Systems eml~loying the s imuhaneous discharge of 
difli:rent" clean agents to protect  the same enclosed space 
shall not be permit ted.  

Chapter 2 Components 

2-1 Agent Supply. 

2-1.1 Quantity. 

2-1.1.1 The amount of clean agent in tile system shall be at 
least sutficient fin" ti le largest single hazard protected or 
group of hazards that are to be protected simultaneously. 
This quantity of agent is defined as the primary agent supply. 

2-1.1.2" Where required,  the reserve quantity shall be as 
many muhiples of  the pr imary supply as the author i ty hav- 
ing jurisdict ion considers necessary. 

2-1.1.3 Where unin te r rupted  protection is required,  both 
the pr imary and the reserve supply shall be permanent ly  
connected to the distribution piping and a r ranged  fi)r easy 
changeover.  
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2-1.2" Quali ty.  New clean agents shall comply with the stan- 
dard o f  quality as shown in Tables 2-1.2(a), 2-1.2(b), and 
2-1.2(c). Each manuihcturer 's batch shall be tested and certiiied 
t()/tie tolerances ,)r st)ecifications as indicate(I in the tables. 

Table 2-1.2(a) Halogenated Clean Agent Quality Requirements 

All Clean Agents 
Listed in Standard 

Mole 54, minimum 
Acidity ppm (by weight HCI equivalent), 

llK:lXilll t i l l /  

Water ('(intent, CA by wcighl, maxinmm 
Nonvolatile residues, grams/lO0 nil+ 

l l l i lXil l l  u l n  

99.0 

3.0 
0.001 

0.05 

Table 2-1.2(b) Inert Gas Clean Agent Quality Requirements 

IG-541 

Comp,,sition, '~4 by Vohnne N,, 52c~ + 4+/4 
Ar 40+;{ - -+ 4CA 

CO,, 85/< +_ lC/< 
- ().()c A 

~Vatcl" Content, q~ by Weight Maximum 0.005 

Table 2-1.2(c) Blend Agent Quality Requirements 

HCFC Blend A Agent Quality Requirements 

ttCFC 22 82 _+ ().8')~ 
IICFC 124 9.50 -+ 0.09r7~ 
tICFC 123 .t.75 _+ ().()5'7~ 
isol)ropcnyl-l-mcthylcyclohcxenc 3.75 _+ 0.5~ 

Note t)cr+cn! I)y weight. 

2-1.3 Storage Container Arrangement. 

2-1.3.1 S torage  con ta ine r s  and accessories shall be so 
located attd a r r anged  that inspection,  testing, recharg ing ,  
and o the r  n ta in tenance  are  fhcilitated and in te r rup t ion  of  
protec t ion  is held to a min inmm.  

2-1.3,2" Storage conta iners  shall be located as close as 
possible to or  within the  hazard or  hazards they protect .  

2-1.3.3 Storage conta iners  shall not be located so as to be 
subject to severe  weat l ler  condi t ions  or  to potent ial  daniage  
d u e  to mechan ica l ,  chenfical ,  o r  o t h e r  causes.  W h e r e  
potential ly dan iag ing  exposures  might  exist, suitable encln- 
snres or  guards  shall he provided .  

2-1.3.4 Storage conta iners  shall be securely installed and 
secured  accord ing  to the manu lac tu re r ' s  listed installation 
manua l  and in a m a n n e r  that provides  tbr conven ien t  indi- 
vidual servicing or  conten t  weighing.  

2-1.3.5 Where  s torage cnnta iners  are  manifo lded,  auto-  
ntatic means  such as a check valve shall be p rov ided  to 
prevent  agent  loss i|" the system is ope ra ted  when any con- 
tainers are  r e m o v e d  lot  nlaintenance. 

2-1.4 Storage Containers. 

2-1.4.1" Storage Containers. T h e  clean agent supply shall 
be stored in containers designed to hold that specific agent at 
ambient temperatures .  Containers shall not be charged to a 
till density or  superpressurizat ion level different from the 
manufhcturer 's  listing. Superpressurizat ion levels o ther  than 
those shown in ] 'able  2-1.4.1 shall be permit ted.  

2-1.4.2" Each ha locarbon agent  con ta iner  shall have a 
p e r m a n e n t  namepla te  or  o ther  p e r m a n e n t  mark ing  speci- 
fying the agent ,  tare and gross weight,  and superpressur -  
ization level (where applicable) of  the container .  Each iner t  
gas conta iner  shall have a p e r m a n e n t  namep la t e  or  o the r  
p e r m a n e n t  mark ing  specit) ' ing the agent ,  pressur iza t ion 
level of  the conta iner ,  and nominal  agent  volume.  

2-1.4.3 T h e  conta iners  used in these systents shall he 
des igned to meet  tim requ i remen t s  of  the U.S. Depa r tmen t  
of  T ranspor t a t ion  or  the Canadian  T r a n s p o r t  Commiss ion ,  
if used as sh ipping  containers.  If  not sh ipping  containers ,  
they shall be des igned,  fabricated, inspected,  certified, and 
s tamped  in accordance  with Section VI I I  of  the ASME 
Boiler and Pres,~ure l'es.sel (;ode; i ndependen t  inspect ion and 
certification is r e c o m m e n d e d .  T h e  design pressure  shall be 
suitable for the m a x i m u m  pressure  deve loped  at 130°F 
(55°C) or  at the maxinninl  control led tentperat t ,  re lintit. 

2-1.4.4 A reliable means  of  indicat ion shall be p rov ided  
to de t e rmine  the pressure  in refillable snperpressur ized  
containers.  

2-1.4.5" For ha logena ted  clean agents  in a nnll t iple con- 
tainer  system, all conta iners  SUl)plying the same mani to ld  
out let  tor dis tr ihut ion of  the same agent  shall be inter-  
changeable  and of  one  select size and charge.  

Table 2-1.4.1 Storage Container Characteristics 

HCFC 
FC-3-1-10 HBFC°22B1 Blend A HCFC-124 HFC-125 HFC-227ea HFC-23 IG-541 

Maximum fill density for condi- 
tions listed below (lb/ft :~) blt).() 102.0 56.2 71.0 5bi.O 72.0 54.0 N/A 

Minimum Container Design l,cvel 
Work ing  l 'ressurc (psig) 500 500 500 240.0 320.0 500 1800 2175 

Total Pressure Level at 70°F (psig) 560 3(;0 360 195.0 166.4" 360 608.9* N/A 

Note: The maximum till density requhement is not applit,tbh" tot 1(;-541. Cylinders lbr 1(;-541 ,d~all be 1)()1 3A or 3:~,k, 2015 + stamped, or greater. 
* Vapor pressure fi>r HFC-23 and IIFC-125. 
For SI t'nits: 1 lb/fl' = 6.018 kg.'m;; I psig - 1i895 I'a. I°F = {'~',)(I°C) + 32. 

1994 Edition 



2 0 0 1 - 8  (H+E.\N A(,I..X 1 FIRF. EX I IN(,( ISIIlN(; F;',S l EMS 

2-1.4.6 Storage temperatures  shall not exceed or be less 
ihau the nlanutacttuer's listed limits. External heatiug or 
cooling shall he used to kee t) t i le tempera ture  of t i le stor-  
age  container wiflfin desired ranges. 

2-2 Dis tr ibut ion .  

2-2.1" P ip ing .  

2-2.1.1" l ' iping shall be of noncombustible material hav- 
ing physical and chenfical characteristics such that its integ- 
rity under  stress can be predicted with reliahilitv. Special 
corrosion-resistant materials or coatings shall he  required 
in severely corrosive atmospheres.  The  thickness of the 
piping wall shall he cakulated in accordance with ANSI 
B31.1, Power l ' ipi ,g Code. The internal pressure used 1or 
this calculation shall be the maxinmnl pressure in the con- 
t a ine r  at a n l ax iu l tun  storage tempera ture  of not less t h a n  
130°F (55°(;) (use manutacturer 's  nmximum allowable fill 
density), httt in no case shall the value used lor the pres- 
sure be less than tile tblhiwing: 

(a) For clean agents specified in "Fable 2-1.4.1 having a 
charging pressure t,p to and including 360 psig at 70°F 
(2 I°C), use an internal pressure of  620 psig (130°1 ') (55°CL 

(b) For HFC-23, use an internal pressure of 2.250 psig 
(130°F) (55°C). 

Exception: Steel piping ,~ed i ,  HFC-23 ~;,s/ems shall meet the 
/bllowmg requirements: 

Pipe //, in. through ~/4 m. NI'S shall be a minimum of Sched- 
ule 40. 

l'ipe 1 m. through 4 m. NPS ~hall be a mtnimum qf Scheduh' 80. 
Black or galvanized steel pipe .~hall be either ASTM A- I06 Seam- 

h,ss, (;rade A, B, or (7; or AS7"M A-53 Seamless or Eh,etm Welded, 
(;rade A or B. 

ASTM A-120 aud ASTM A- 57 Clas.s F Furnace Welded Pzpe 
shall not be u,wd. 

(c) For IG-541 no rma lh  charged to 2,175 psig at 70°F 
(21°C), use an internal  pressure  of  2,575 psig (130°F) 
(55°C) fin piping upstream of the pressure reducer;  and 
use an internal pressure of 1,000 psig (130°F) (55°(]) for 
piping downstrcanl of  the pressure reducer.  The pressure 
reducing device shall be readily identifiable. 

(d) If+ higher storage temperat tues  are approved fin a 
given system, the internal pressure shall be a(!justed to tile 
nmximunl internal pressure at maxinmm temperature.  In 
performing this calculation, all joint factors and threading, 
grooving, or welding allowances shall be taken into account. 

2-2.1.2 Cast-iron pipe, steel pipe conlornliug t() ASTM 
AI20, or nonnletallie pipe shall not be used. 

2-2.1.3 Stenciled pipe identitication shall not be painted 
over, concealed,  tit- renloved pr ior  to approval by the 
anthori ty having jurisdiction. 

2-2.1.4 Where  used, flexible pilling, tubing, ov hoses 
(inchiding connections) shall he of approved materials and 
pressure ratings. 

2-2.1.5 Each pipe section shall he cleaned internally atier 
preparat ion and helbre assembly hy means of swabhing, 
utilizing a suitahle nonl tammable cleaner. The piping net- 
work shall be free of partk:ulate matter  and nil residue 
helore installation of nozzles or discharge devices. 

2-2.1.6 1u sections where valve arrangcnaent intr<)duces 
scctious of closed piping, such sections shall he C<lttipped 
with pressure relief devices or the vahes shall hc designed 
to p r e v e n t  c n t r a p n l e n t  of  l iquid .  In svstenls, u s ing  
pressure-lq)erated container valves, means shall he pro- 
vided to vent any container leakage that could huil<l up 
pressure in tit(' pilot svstenl and cattse uriwarl led opening 
<lt the conla ine l  valve. The nleans of  pressure Vetit ing shall 
tie i i rranged so as not to prevent reliahle operation of  the 
container valve. 

2-2.1.7 All pressnre relief devices shall be designed and 
located so that the discharge front the device wil l  i l l l l iu jure 
pers(lnnel or pose a hazard. 

2-2.2 P i p e  J o i n t s .  p ipe  jo in t s  o t h e r  than t h r e a d e d ,  
welded, brazed, tlared, comprcssiou, or 11anged type shall 
be listed tit approved.  

2-2.3 Fitt ings.  

2-2.3.1" Fittings shall have a minimum rated working 
pressure equal tl) or greater  than tilt" nlaximum pressure 
in the container at 130°F (54°(',) when tilled tl) the maxi- 
nnun allowable till density for tile clean agent hcing used, 
m as otherwise  l isted or  a p p r o v e d .  For  systems, that 
empll)y the use of, l  pressure re<hieing device in the distri- 
bution piping, the fittings downstream (if the device shall 
have a nt inintum ra ted working  pressure  equal to m- 
greater  than tile rltaxinlun'l anticipated pressure  in the 
downstream piping. 

2-2.3.2 Cast-iron tittings shall not he used. (;lass 150 Ib 
tittings shall not be used unless it can be demonst ra ted  that 
they comply wifl~ the appropr ia te  ANSI stress calculations. 

2-2.3.3 All threads used in joints and tittings shall contiwln 
in ANSI BI.20.1. Joint compound,  tape, or thread lubrkant 
shall be applied only to the male threads iff the joint. 

2-2.3.4 Welding and brazing alhlvs shall have a nlehing 
point above IO00°F (538°C). 

2-2.3.5 Welding shall he per to rmed  in accordance with 
Section IX, "Qualitication Standard tor Welding and Braz- 
illg l ' rocedures,  Wcl<lcrs, Br;izers and Welding an<l Blaz- 
ing Operatl)rs," of the ASME Boiler aim Pres,~ure I "e~.wl Code. 

2-2.3.6 Where copper,  stainless steel, or  other  suitahle 
tuhing is jointed with compression-type tittings, the mann- 
l,tcturer's pressure tempera tnre  ratings of the fitting shall 
not be exceeded.  

2-2.4 Valves .  

2-2.4.1 All valves shall he listed or app roved  Ior the 
intended use. 

2-2.4.2* All gaskets, o-rings, seahmts, and other  valve 
components  shall he constructed of nlaterials that are com- 
patible with the clean agent.  Valves shall he pro tec led  
against mechauical, chemical, or o ther  danlage. 

2-2.4.3 Special corrosion-resistaut nulterials or coatings 
shall he used in severely corrosive atmospheres.  

2-2.5 Discharge  Nozz le s .  

2-2.5.1 Discharge nozzles shall he listed for the intended 
use inclnding tile th)w characteristics and area lit c()veragc. 
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l)ischarge orifices, and (lischarge or|lice plates and inserts, 
shall be of a material that is corrosion resistant to tile agent 
used and tile atnmspherc in the intended application. 

2-2.5.2 Special corrosion-resistant nlaterials or coatings 
shall he required in severely corrosive atmospheres. 

2-2.5.3 I)ischarge nozzles shall be permanently ntarked 
to identit)' the manufacturer as well as the type and size of 
the orifice. 

2-2.5.4 Where clogging by extc,nal ti)reign materials is 
likely, discharge nozzles shall be provided with fiangible 
discs, hlowofl' caps, or other suitable devices. These (tevices 
shall provide an unohstructed ot)ening ttpon system ()pet- 
at|on and shall he located s() they will not injure I)ersormel. 

2-3 Detection, Actuation, and Control Systems. 

2-3.1 General. 

2-3.1.1 l)etection, actuation, alarm, and c(mtrol systenls 
shall be installed, tested, attd maintained in accor(lance 
with appropriate NFPA protective signaling systems stan- 
dards (see NFPA 70, Natiotml Eleclrual Code, <tort NFPA 72, 
National Fire A/arm Code. hz CamMa refi'r to C-tN/I:LC $524- 
M86, Standard/or tke hr~tallalion of Fire Alarm S~,~tems, and 
(;A,W~:LC 5529-M87, Smoke Delector~ /or Fire Alarm 5)'.qem.O. 

2-3.1.2 Autontatic detection and automatic actuation shall 
be used. 

Exception: Manual-(ml~', aclualio~l .~hall he permitted if accept- 
aide to the autkority kaving juri~dwtwn. 

2-3.2 Automatic Detection. 

2-3.2.1" Aut()matic detect ion shall be by any listed 
method or device capable of detecting and indicating heat. 
flan/e, smoke, conlhustible vapors, or an ahnormal condi- 
lion in the hazard, such as process troul)le, that is likeh' to 
[)roduce tire. 

N()TE: Detectors installed at the nmximum spacing as 
listed or approved lot hre alarm use lll[iX~ resuh in excessive 
delay in agent release, especially where, more than one 
(t(:tccti(m device is vcquircd t() be in alarm I)c|ore automatic 
aCttlatioll restlhs. 

2.3.2.2 Adequate and reliable primary and 24-hour min- 
inmnl standhv sources of energy shall he used to provide 
fin operation of tile detection, signaling, control, and actu- 
ation requirements of tile svstenl. 

2-3.2.3 When a new clean agent systcnl is being installed 
in a space that has an existing detection system, an analysis 
shall he made of the detection devices to Assure that ]he 
detection s)'stem is in good operating con(litton and will 
respond promptly t() a fire situation. This shall be done to 
assist in linliting the decomposition products t]()nl a sup- 
pression event. 

2-3.3 Operating Devices. 

2-3.3.1 Operating devices shall include agent releasing 
devices or valves, discharge controls, and shutdown equip- 
nlent necessary for successfld pertormance of tile system. 

2-3.3.2 Operation shall he by listed mechanical, electrical, 
or pneumatic means. An adequate and reliable source of 
energy shall be used. 

2-3.3.3 All devices shall be designed for the service they 
will encounter  and shall not readily be rendered inopera- 
tive or susceptible to accidental {)pcration. 1)evices nor- 
really shall he designed to function properly tiom -20°F to 
130°'1; (-29°C to 5,t°C) or marked to indicate tenlperature 
limitations. 

2-3.3.4 All devices shall be located, installed, or suitably 
protected so that they are not subject to ntechanical, chem- 
teal, or other damage that would render  them inoperative. 

2-3.3.5 A means of manual release of the system shall he 
provided. This shall be accomplished hy a mechanical man- 
ual release, or hv an electrical manual release when the 
control equipment monitors the batter)" w)ltage level of the 
standby battery supply and will provide a low battery sig- 
nal. -File release shall cause simultaneous operation of 
automatically operated valves controlling agem release and 
distribution. 

2-3.3.6 -File normal nlanual control(s) lot actuation shall 
be located tor easy accessibility at all times, including at the 
time of a fire. The nlanual control(s) shall he of distinct 
appearance  and clearly recognizable fi)r tile purpose  
intended. Operation of any control shall cause the com- 
plete system to operate in its normal ta.shion. 

2-3.3.7 Mantral controls shall not require a pull of more 
than 40 lb (178 N) n o r a  nlovement of nlore than 14 in. 
(356 ram) to secure operation. At least one manual control 
fbr activation shall be located not more than 4 fi (1.2 m) 
above the floor. 

2-3.3.8 Where gas pressure fronl tile system or pilot con- 
tainers is used as a means tot releasing the renlaining con- 
tainers, tile supply and discharge rate shall be designed for 
releasing all of tile remaining containers. 

2-3.3.9 All devices for shut t ing down supplementa ry  
equipment  shall t)e considcred integral parts of the system 
and shall function with the svstenl operation. 

2-3.3.10 All manual operating devices shall he |dent|tied 
as to the hazard they protect. 

2-3.4 Control Equipment. 

2-3.4.1 Electric Control Equipment. Tile control equip- 
merit shall supervise tile actuating devices and associate(t 
wiring and, as required,  cause actuation. The control 
equipment shall he specifically listed tot the numher  and 
type of actuating devices utilized, and their compatibility 
shall have been listed. 

2-3.4.2 Pneumatic Control Equipment. Where pneu-  
matic control equipment  is used, tile lines shall be pro- 
tected against crimping and mechanical danlage. Where 
installations could be exposed to conditions that could lead 
to loss of integrity of the pneumatic lines, special precau- 
tions shall be taken to ensure that no loss of integrity will 
occur. The control equipment  shall be specifically listed fi)r 
the nunlber  and type of actuating devices utilized, and 
their compatibility shall have been listed. 

2-3.5 Operating Alarms and Indicators. 

2-3.5.1 ?darms or indicators or both shall be used to indi- 
cate the operation of the system, hazards to personnel, or 
failure of any supervised device. The type (audible, visual, 
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or nlthctory), number, and location of the devices shall be 
such that their purpose is satisfactorily accontplished. The 
extent and type of  alarms or indicator equipment or both 
shall he approved. 

2-3.5.2 Audible and visual pre-discharge alarms shall be 
provided within the protected area to give positive warning 
of impending discharge. The operation of the warning 
devices shall he continued alter agent discharge until posi- 
tive action has been taken to acknowledge the ahum and 
proceed with appropriate action. 

2-3.5.3* Abort switches generally are not reconunended. 
However, where provided, the abort switches shall be located 
within the protected area and shall be located neat the means 
of egress for the area. An ahort switch shall not be operated 
unless the cause fbr the condition is known and corrective 
action can be taken. The abort switch shall be of a type that 
requires constant manual pressure to cause abort. The abort 
switch shall not be of a type that would allow the system to be 
left in an aborted mode without SOlneone present. In all cases 
the normal and manual emergency control shall override the 
abort tunction. Operation of the abort tunction shall resuh in 
both audible and distinct visual indication of system impair- 
ment. The ahort switch shall be clearly recognizable tot the 
purpose intended. 

2-3.5.4 Alarms indicating tailure of supervised devices or 
equipment shall give prompt and positive indication of any 
faihu'e and shall be distinctive t'rom alarms indicating oper- 
ation or hazardous conditions. 

2-3.5.5 Warning and instruction signs at entrances to and 
inside protected areas shall he provided. 

2-3.5.6 Time Delays. 

2-3.5.6.1 For applications where a discharge delay does 
not significantly increase the threat to life or property, 
clean agent extinguishing systems shall incorporate a pre- 
discharge alarm with a time delay sulticient to allow per- 
sonnel evacuation prior to discharge. 

2-3.5.6.2 Time delays shall be used only [or personnel 
evacuation or to prepare the hazard area t"or discharge. 

2-3.5.6.3 Time delays shall not be used as a means of 
contirming operation of a detection device before arm)- 
matte actuation occurs. 

2-3.6" Unwanted System Operation. Care shall he taken 
to thoroughly evaluate and correct any tactors that may 
result in unwanted discharges. 

Chapter 3 System Design 

3-1 Specifications, Plans, and Approvals. 

3-1.1 Specifications. Specifications lot clean agent fire 
extinguishing systems shall be prepared under the super- 
vision of  a person flflly experienced and qualified in the 
design of  clean agent extinguishing systems and with the 
advice of the authority having jurisdiction. The specifica- 
tions shall include all pertinent items necessary [or the 
proper design of the system such as the designation of the 
authority having jurisdiction, variances from the standard 

to be permitted by the authority having jurisdiction, design 
criteria, system sequence of operations, the type and extent 
of the approval testing to be pertormed after installation of  
the system, and owner training requirements. 

3-1.2 Working Plans. 

3-1.2.1 Working plans and calculations shall be submitted 
fi~r approval to the authority having jurisdictinn belore 
installation or remodeling begins. These docmnents shall 
be prepared only by persons fidly experienced and quail- 
tied in the design of clean agent extinguishing systems. 
Deviation from these documents shall require permission 
of the authority having jurisdiction. 

3-1.2.2 Working plans shall be drawn to an indicated 
scale, and shall show the following items that pertain to the 
design of the system: 

(a) Name of owner and occupant; 
(b) Location, including street address; 
(c) Point of compass and symbol legend; 
(d) Location and construction of  protected enclosure 

walls and partitions; 
(e) Location of fire walls; 
(t) Enclosure cross section, full height or schematic dia- 

gram, including location and construction of  building 
floor/ceiling assemblies above and below, raised access floor 
and suspended ceiling; 

(g) Type of clean agent being used; 

(h) l)esign extinguishing or inerting concentration; 

(i) l)escription of occupancies and hazards being pro- 
tected, designating whether or not the enclosure is nor- 
mally occupied; 

(j) Description of  exposures surrounding the enclosure; 

(k) Description of  the agent storage containers used 
including internal w)lume, storage pressure and nonfinal 
capacity expressed in units of agent mass, or volume at 
standard conditions of temperature and pressure; 

(1) Description of nozzle(s) used including size, orifice 
port configuration, and equivalent orifice area; 

(m) Description of  pipe and fittings used including 
material specifications, grade, and pressure rating; 

(n) I)escription of wire or cable used including classifica- 
tion, gauge (AWG), shielding, number  of strands in con- 
ductor, conductor material, and color coding schedule. 
Segregation requirements of  various system conductors 
shall be clearly indicated. The required method of making 
wire terminations shall be detailed; 

(o) l)escription of the method of  detector mounting; 

(p) Equipment schedule or bill of  materials for each 
piece of equipment or device showing device name, manu- 
facturer, model or part number, quantity and description; 

(q) Plan view of protected area showing enclosure parti- 
tions (full and partial height); agent distribution system 
including agent storage containers, piping, and nozzles; 
type of pipe hangers and rigid pipe supports; detection, 
alarm, and control system including all devices and sche- 
matic of wiring interconnection between them; end-of-line 
device locations; location of  controlled devices such as 
dampers and shutters; location of  instructional signage; 
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(r) Isometric view of agent distribution system showing 
the length and diameter of each pipe segment; node refer- 
ence numbers relating to the flow calculations: fittings 
including reducers and strainers; orientation of tees, noz- 
zles including size, orifice port configuration, flow rate, 
and equivalent orifice area; 

(s) Scale drawing showing the layout of the annunciator 
panel graphics if required by the authority having jurisdiction; 

(t) Details of each unique rigid pipe support configura- 
tion showing method of securement to the pipe and to the 
building structure; 

(u) Details of the method of container securement show- 
ing method of securement to the container and to the 
building structure; 

(v) Complete step-by-step description of  the system 
sequence of operations including functioning of abort and 
maintenance switches, delay timers, and emergency power 
shutdown; 

(w) Point-to-point wiring schematic diagrams showing 
all circuit connections to the system control panel and 
graphic annunciator panel; 

(x) Point-to-point wiring schematic diagrams showing 
all circuit connections to external or add-on relays; 

(y) Complete calculations to determine enclosure vol- 
ume, quantity of  clean agent, and size of backup batteries. 
Method used to determine number and location of audible 
and visual indicating devices, and number  and location of 
detectors; and 

(z) Details of any special tieatures. 

3-1.2.3 The detail on the system shall include information 
and calculations on the amount of agent; container storage 
pressure; internal volume of the container; the location, 
type, and flow rate of  each nozzle including equivalent 
orifice area; the location, size, and equivalent lengths of 
pipe, fittings, and hose; and the location and size of 
the storage facility. Pipe size reduction and orientation 
of tees shall be clearly indicated. Information shall be 
submitted pertaining to the location and fimction of the 
detection devices, operating devices, auxiliary equipment, 
and electrical circuitry, if used. Apparatus and devices 
used shall be identified. An), special features shall be ade- 
quately explained. 

Exception: Pre-engineered ~system~ do not require .spec!/iving 
internal volume o[ the container, nozzle flow rates, equivale~t 
lengths of pipe and fitting and hose, or )qow calculations, when 
used within its listed limitations. The i~{[brmation required b~ the 
listed system design manual, however, shall be made available to 
the authority having jurisdiction for ver!fication that the ,2vstem is 
within its listed limitations. 

3-1.2.4 An as-built instruction and maintenance manual 
that includes a lull sequence of  operations and a fifll set of 
drawings and calculations shall be maintained on site. 

3-1.2.5 Flow Calculations. 

3-1.2.5.1 Flow calculations along with the working plans 
shall be submitted to the authority having jurisdiction for 
approval. The version of the flow calculation program shall 
be identified on the computer calculation printout. 

3-1.2.5.2 Where field conditions necessitate any material 
change tiom approved plans, the change shall be submit- 
ted tbr approval. 

3-1.2.5.3 When such material changes tiom approved plans 
are made, corrected "as installed" plans shall be provided. 

3-1.3 Approval of Plans. 

3-1.3.1 Plans and calculations shall be approved prior to 
installation. 

3-1.3.2 Where field conditions necessitate any significant 
change fi'om approved plans, the change shall be approved 
prior to implementation. 

3-1.3.3 When such significant changes fi'om approved 
plans are made, the working plans shall be updated to 
accurately represent the system as installed. 

3-2 System Flow Calculations. 

3-2.1" System flow calculations shall be performed using 
a calculation method listed or approved by the authority 
having jurisdiction fi)r the agent. The system design shall 
be within the manufhcturer's listed limitations. 

Exception: Pre-engmeered ,~stems do not require a/tow calcula- 
tion where used within their listed limitations. 

3-2.2 Valves and fittings shall be rated for equivalent 
length in terms of pipe or tubing sizes with which they will 
be used. The equivalent length of the container valves shall 
be listed and shall include siphon tube, valve, discharge 
head, and flexible connector. 

3-2.3 The piping lengths, nozzle, and fitting orientation 
shall be in accordance with the manufacturer's listed limi- 
tations to ensure proper system performance. 

3-2.4 If  the final installation varies fi'om the prepared 
drawings and calculations, new drawings and calculations 
representing the "as built" installation shall be prepared. 

3-3 Enclosure. 

3-3.1 In the design of" total flooding systems, the charac- 
teristics of  the enclosure shall be considered as part of Sec- 
tion 3-3. 

3-3.2 The area of  unclosable openings shall be kept to a 
minimum. The authority having jurisdiction may require 
pressurization/depressurization or other tests to assure 
proper pertbrmance as defined by this standard. 

3-3.3 To prevent loss of agent through openings to adja- 
cent hazards or work areas, openings shall be permanently 
sealed or equipped with automatic closures. Where reason- 
able confinement of agent is not practicable, protection 
shall be extended to include the adjacent connected haz- 
ards or work areas. 

3-3.4* Forced-air ventilating systems shall be shut down or 
closed automatically where their continued operation would 
adversely affect the performance of the fire extinguishment 
agent system or result in propagation of the [ire. Completely 
self-contained recirculating ventilation systems are not 
required to shut down. The volume of the system and associ- 
ated ductwork shall be considered as part of the total hazard 
w)lume when determining agent quantities. 
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Exception: Ventilation ,~vstems necessary, to eusure ,sqfet~; are ~mt 
required to be shut down upon .wstem activatiom A~t extended 
agent discharge shall be provided to maintain the design concen- 
tration [br the required duration of protection. 

3-4 Design Concentration Requirements. 

3-4.1 For combina t ions  of fuels, tile flame ext inguish-  
m e n t  or  ine r t ing  value for the fuel requ i r ing  tile greatest 
concen t ra t ion  shall be used unless tests are made  on the 
actual mixture .  

3-4.2 For a par t icular  filel, ei ther  flame ex t ingu ishment  
or ine r t ing  concent ra t ions  shall be used. 

3-4.2.1" Iner t ing .  

3-4.2.1.1 T h e  iner t ing  concent ra t ions  shall be used where 
condi t ions  for subsequent  reflash or explosion could exist. 
These  condi t ions  are when both: 

(a) The  quant i ty  of fuel permi t ted  in the enclosure  is 
sufficient to develop a concent ra t ion  equal to or greater  
than  one-ha l f  of  the lower f lammable  limit t h roughou t  tile 
enclosure;  and  

(b) The  volatility of the fuel before the fire is sufficient to 
reach the lower f lammable limit in air (max imum ambien t  
t empera tu re  or fiael t empera tu re  exceeds the close cup 
flash point  t empera tu re )  or  the system response  is not  
rapid enough  to detect  and  ext inguish the fire before the 
volatility of the fuel is increased to a dangerous  level as a 
result  of  the fire. 

CAUTION: Under certain conditions, it may be danger- 
ous to extinguish a burning gas .jet. As a first measure, the 
gas supply should be shut otE 

3-4.2.1.2 The  m i n i m u m  design concent ra t ions  used to 
inert  a tmospheres  involving f lammable  liquids and  gases 
shall be de t e rmined  by test plus a 10 percent  sati:tv factor. 

3-4.2.2* Flame Extinguishment.  

3-4.2.2.1 The  m i n i m u m  design concentrat ion tot Class B 
flammable liquids shall be a demonstra ted extinguishing con- 
centration plus a 20 percent  satiety tactor. Extinguishing con- 
centration shall be demonst ra ted  by the cup b u r n e r  test. If  
reliable clean agent  cup b u r n e r  test data is not obtainable, the 
extinguishing concentrat ion shall be de termined by full-scale 
testing performed by the listing organization as part of a com- 
plete listing investigation. As a min imum,  the testing shall 
contorm to UL 1058, Standard for Sqfi, ty Halogenated Agent 
Extinguishing S,;stem Units, or equivalent. 

3-4.2.2.2 Tile ext inguishing concentrat ion fbr Class A fires 
shall be de termined by test as part of  a listing program. 

3-4.2.2.3* The  m i n m m m  design concent ra t ion  for Class 
A fires shall be the ex t ingu ish ing  concent ra t ion  plus a 20 
percent  satiety tiactor. 

3-5 Total Flooding Quantity. 

3-5.1" The  a m o u n t  o f h a l o c a r b o n  clean agent  requi red  to 
achieve the design concen t ra t ion  shall be calculated from 
the following fi)rmula: 

W = V/S [C/(100-C)] (1) 

S = kl  + k2 (T) (2) 

Where:  

W = weight of clean agent.  
T = m i n i n m m  anticipated t empera tu re  of  the pro- 

tected volume. 
k l and  k2 = constants specific to the clean agenl being 

used. See Table 3-5.1 tot values o f k l  and k2. 
C = clean agent design concentration, % by volume. 
V = net w)lume of hazard, cu ft (m :~) (enclosed volume 

minus fixed structures impervious to clean agent). 
S = kl + k2 (T) is a linear equation determined by least 

squares curve tit techniques fiom data supplied by the 
clean agent manutacturers. The  zero intercept is k l 
and tile slope is k2. 

NOTE: This calculation includes an allowance for the nor- 
real leakage fi'om a "tight" enclosure due to agent expansion. 

Table 3-5.1(a) Specific Volume Constants 
kl and k2 

°F °C 

Agents kl k2 kl k2 

FC-3-1-10 1.409 0.0031 0.0941 0.0003 
HBFC-22BI 2.484 0.0058 0.1668 0.00(17 
HCFC Blend A 3.612 0.0079 0.2413 0.00088 
HCFC-124 2.352 0.0057 0.1578 0.00(I6 
HFC-125 2.724 0.0063 0.1701 0.0007 
HFC-227ea 1.885 0.0046 0.1269 0.0005 
HFC-23 4.731 0.0107 0.2954 0.0012 
IG-541 9.7261 0.0211 0.649 0.00237 

3-5.2" The  a m o u n t  of iner t  gas clean agent  requ i red  to 
achieve the design concen t ra t ion  shall be calculated fi'om 
the following tormula:  

L ,,,°-,: I ' ° ° ]  
X = 2.303 V/S _ . _ ~ . . .  V s 

W h e r e :  

S = k I + k 2 (T) .  
X = volume o f i n e r t  gas added  per  volume of  space. 
T = m i n i n m m  anticipated t empera tu re  in the protected 

volume. 
k I and  k,_, = constants  specific to the iner t  gas be ing  

used. See Table  3-5. l(a) tot  values of k 1 and  k,,. 
C = iner t  gas concent ra t ion ,  ~ by volume.  
V net volume of hazard,  c u f t  (m:) (enclosed w)lume 

minus  fixed s tructures  impervious  to clean agent).  
S = k I + k, 2 (T) is a l inear  equa t ion  d e t e r m i n e d  by least 

squares curve fit techniques  from data  suppl ied  by 
the iner t  gas agent  manufac turers .  The  zero inter-  
cept is k I and  the slope is k,,. 

V~ = Specific vo lume at 70°F (ft:~/fb) = 11.2093 ft:~/lb. 

NOTE: This calculation includes an allowance for the nor- 
real leakage ti'om a "tight" enclosure due to agent expansion. 

3-5.3 In  add i t ion  to the  c o n c e n t r a t i o n  r e q u i r e m e n t s ,  
addi t ional  quanti t ies  of agent  are r equ i red  to compensa te  
fbr any special condi t ions  that would afli~ct the ext inguish-  
ing efficiency. 
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Table 3-5.1(b) FC-3-1-10 Total Flooding Quantity [1] 

FC-3-1-10 
Temp. Specific Vapor 

-t- Volume FC-3-1-10 Weight Requirements of Hazard Volume W/V (lb/cu ft) [2] 
(°F) -S- 

(cu ft/lb) Design Concentration (% by Volume) [5] 
[3] [4] 

4 5 6 7 8 9 10 11 12 

- 70 I. 1920 0.0350 0.0442 1 1 . 0 5 3 5  0.0631 0.0730 0.0830 0.0932 0.1037 0.1144 

- 6 0  1.2230 0.0341 0.0430 0.0522 0.0615 0.0711 0.0809 0.0909 0.1011 0.1115 

- 50 1.25411 0.0332 0.042/) 0.0509 0.0600 0.0693 0.0789 0.0886 0.0986 0.1087 

40 1.2850 0.0324 0.0410 0.0497 0.0586 0.0677 0.0770 0.0865 0.0962 0.1061 

- 30 1.3160 0.0317 0.0401) 0.0485 0.0572 0.0661 0.0752 0.0844 0.0939 0.1036 

- 20 1.3470 0.0309 0.0391 0.0474 0.0559 0.0646 0.0734 0.0825 0.0918 0.1012 

- 10 1.3780 I).0302 0.0382 0.0463 0.0546 0.0631 0.0718 0.0806 0.0897 0.0990 

0 1.4090 0.0296 0.0374 0.0453 0.0534 0.0617 0.0702 0.0789 0.0877 0.0968 

10 1.4400 0.1)289 0.0365 0.0443 0.0523 0.0604 0.0687 0.0772 0.0858 0.0947 

20 1.4710 0.0283 0.0358 0.04o,4 0.0512 0.0591 0.0672 0.0755 0.0840 0.0927 

30 1.5020 0.0277 0.0350 0.0425 0.0501 0.0579 0.0658 0.0740 0.0823 0.0908 

40 1.5330 0.0272 0.0343 0.0416 0.0491 0.0567 0.0645 0.0725 0.0806 0.0890 

50 1.5640 0.0266 0.0337 0.0408 0.0481 0.0556 0.0632 0.0710 0.0790 0.0872 

60 1.5950 0.0261 0.0331) 0.0400 0.0472 0.0545 0.0620 0.0697 0.0775 0.0855 

70 1.6260 0.0256 0.0324 0.0393 0.0463 0.0535 0.0608 0.0683 0.0760 0.0839 

80 1.6570 0.0251 0.0318 0.0385 0.0454 0./)525 0.1/597 0./)671 /).0746 0.0823 

90 1.6880 0.0247 0.0312 0.0378 0.0446 0.0515 0.0586 0.0658 0.0732 0.0808 

100 1.7190 0.0242 0.0306 0.0371 0.0438 0.0506 0.0575 0.0646 0.0719 0.0793 

110 1.7500 0.0238 0.0301 0.0365 0.0430 0.0497 0.0565 0.0635 0.0706 0.0779 

120 1.7810 0.0234 0.0296 0.0358 0.0423 0.0488 0.0555 0.0624 0.0694 0.0766 

130 1.8120 0.0230 0.0290 0.0352 0.0415 0.0480 0.0546 0.0613 0.0682 0.0753 

140 1.8430 0.0226 0.0286 0.0346 0.0408 0.0472 0.0537 0.0603 0.0671 0.07-t0 

150 1.8740 0.0222 0.0281 0.0341 0.0402 0.0464 0.0528 0.0593 0.0660 0.0728 

160 1.9050 0.0219 0.0276 0.0335 0.0395 0.0456 0.0519 0.0583 0.0649 0.0716 

170 1.9360 0.0215 0.0272 0.0330 0.0389 0.0449 0.0511 0.0574 0.0638 0.0704 

180 1 .(.)670 0.0212 0.0268 0.0325 0.0383 0.0442 0.0503 0.0565 0.0628 0.0693 

190 1 .(.)980 0.0209 0.0263 0.0319 0.0377 0.0435 0.0495 0.0556 0.0619 0.0683 

200 2.0290 0.0205 0.0259 0.0315 0.0371 0.0429 0.0487 0.0548 0.0609 0.0672 

[ I ] The manuiacturev's listing shall speclt}' tile temperature range ti~)r operation. 
[2] W/V lAgent Weight Reqtfirements (Ih/cu ff)] = Pounds of agent required per cuhlc toot ot protected volume to produce 
temperature specified. V C 

W -  S 100 C 

[3] t [+l'cmperature (F)] -- The design temperature m the hazard area. 
t,t] S (Specific Volume (cu ff/Ib) I -- Spc(ific volume of superheated FC-3-1-10 vapor may be approximated by the Iormula: 

S = 1 . 4 0 9  + O . O 0 3 h  

where t = temperature(l:) 
15] C [Concentration 1%)] -- Volumetric concentration oI FC 3-1-10 in air at file temperature indicated. 

indicated Coilcentration at 
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2 0 0 1 - 1 4  CLEAN A(;ENT FIRE EXTIN(;UISHIN(; SYSTEMS 

Table 3-5.1(c) HBFC-22B1 Total Flooding Quantity [1] 

HBFC-22B1 
Temp Specific Vapor 

-t- Volume HBFC-22BI Weight Requirements of Hazard Volume W/V (lb/cu ft) [2] 
(F) -S- 

(cu ft/lb) Design Concentration (% by volume) [5] 
[31 [41 

3 4 5 6 7 8 9 10 11 12 

10 2.5400 0.0122 0.0164 0.0207 0.0251 0.0296 0.0342 0.0389 0.0437 0./)487 0.0537 

20 2.5987 0.0119 0.0160 0.0203 0.(1246 0.0290 (I.0335 0.0381 0.0428 0.0476 /).(/525 

30 2.6574 0.0116 0.0157 0.0198 0.0240 0.0283 0.0327 0.0372 0.0418 0.0465 0.0513 

40 2.7159 0.0114 0.0153 0.0194 0.0235 0.0277 0.0320 0.0364 0.04(/9 0.0455 0.0502 

50 2.7747 0.0111 0.0150 0.(/190 0.0230 ( 1 . 0 2 7 1  0.0313 0.0356 0.0400 0.0445 0.0491 

60 2.8329 0.0109 0.0147 0.0186 0.0225 0.0266 0.0307 0.0349 0.0392 0.0436 0.0481 

70 2.8910 0.0107 0.0144 0.0182 0.0221 0.0260 0.0301 0.0342 0.0384 0.0428 0.0472 

80 2.9498 0.0105 0.0141 0.0178 0.0216 0.0255 0.0295 0.0335 0.0377 0.0419 0.0462 
90 3.0075 0.0103 0.0139 0.0175 0.0212 0.0250 0.0289 0.0329 0.0369 0.0411 0.0453 

100 3.0656 0.0101 0.(1136 0.(1172 0.0208 0.(1246 0.0284 0.0323 0.0362 0.0403 0.0445 

110 3.1230 0.0099 0.0133 0.0169 0.0204 0.0241 0.0278 0.0317 0.0356 0.0396 0.0437 
120 3.1817 0.0097 0.0131 0.0165 0.0201 0.0237 0.0273 0.0311 0.0349 0.0388 0.(1429 

130 3.2394 0.0095 0.0129 0.0162 0.0197 0.0232 0.0268 0.0305 0.0343 0.0382 0.0421 

140 3.2971 0.0094 0.0126 0.0160 0.0194 0.0228 0.0264 0.0300 0.0337 0.0375 0.0414 

150 3.3546 0.0092 0.(1124 0.0157 0.0190 0.0224 0.(1259 0.0295 0.0331 0.0368 0.0407 

160 3.4118 0.0091 0.0122 0.0154 0.0187 0.0221 0.0255 0.0290 0.0326 0.0362 0.0400 

170 3.4698 0.0089 0.0120 0.0152 0.0184 0.0217 0.0251 0.0285 0.0320 0.0356 0.0393 

180 3.5261 0.0088 0.0118 0.0149 0.0181 0.0213 0.0247 0.0280 0,0315 0.0351 0.0387 

190 3.5842 0.0086 0.0116 0.0147 0.0178 0.0210 0.0243 0.0276 0.0310 0.0345 0.0380 

200 3.6417 0.0085 0.0114 0.0145 0.0175 0.02(17 0.0239 0.0272 0.0305 0.0339 0.0374 

I I I The manuthcturcr's listing shall spccity the temperature range tbr operation. 
[21 W/V [Agent Weight Requirements (Ib/cu fi)] = l'ounds ofagem required f)cr culnc fi~o! of procected volume to produce indicated concentration a! temper- 
ature spccilicd. V C 

W -  S 100 C 

13] I [Temperature (F)] -- The design temperature in the hazard area. 
I't] S ISpecific Volume (cu fi/lb)] + Spccilic volume ot sut~erheatcd HBFC-22BI vapor may be approximated by the hn+mula: 

S = 2.48,t5 + 0.005796t 
wheret = temperature(F) 

[5] C [Concentration (c,(.)] _ Volumelrk concentration ol IIBFC-22BI m air at the temperature indicated. 
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Table 3-5.1(d) HCFC Blend A Total Flooding Quantity [1] 

HCFC Blend A 
Temp Specific Vapor 

-l- Volume HCFC Blend A Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2] 
F -S- 

(cu ft/lb) Design Concentration (% by volume) [5] 
[31 [4] 

7% 8% 8.6% 9% 10% 11% 12% 13c~ 

- 50 3.21 (.)2 ().0234 0.027 0.0292 0.0307 0.0345 0.0384 0.0424 0.0464 

- .40 3.2978 0.t)228 0.026,t 0.0285 0.03 0.0337 0.0375 0.0414 0.0453 

- 30 .3.37(;3 0.0223 0.0258 0.0279 ().0293 0.0329 0.0B66 0.0404 0.04.t3 

- 20 3.4549 0.0218 0.0252 0.0272 0.0286 0.0?,22 0.0358 0.0395 0.047,3 

- 10 3.5335 0.0213 0.0246 0.1)266 0.028 0.()314 0.035 0.0386 0.0423 

0 3.6121 0.0208 0.024 l 0.026 0.0274 0.(}308 0.0342 0.0378 0.0.t 14 

1 (} 3.6906 0.0204 0.0236 0.0255 0.0268 0.0301 0.0335 0.0369 0.0-t05 

20 3.76(`)2 0.02 0.0231 0.025 0.0262 0.0295 0.0328 0.()362 0.0B96 

30 3.8478 0.0196 0.0226 0.0245 0.0257 0.O289 0.0321 0.0354 0.0388 

40 3.9264 0.0192 0.0221 0.024 0.0252 0.0283 0.0315 0.0347 ().().':iS 1 

50 4.0049 0.0188 0.0217 0.0235 0.0247 ().(i277 0.0309 0.034 0.0373 

61) ,t.0835 0.0184 0,0213 0.023 0.0242 0.0272 0.0303 0.0334 0.0366 

70 4.1621 0.0181 0.0209 0.0226 0,0238 0.0267 0.02(,)7 0.0328 0.0359 

80 4.2407 0.0177 0,0205 0.0222 0.0233 0.0262 0.0291 0.0322 0.0352 

90 4.31 (.)2 0.0174 0.0201 0.0218 0.022(,) 0,0257 0.0286 l),0316 0.03.t6 

100 4.3978 0.0171 0.0198 0.0214 0.0225 0.0253 0.0281 0.031 0.03,4 

I l () .1.4764 0.0168 0,0194 0.021 0.0221 0.0248 0.0276 0.0305 0.0334 

120 4.555 0.0164 0.0191 0.0207 0.0217 0.0244 0,0271 0.0299 0.0328 

130 4.6336 0.0162 0,0188 0.0203 0.0213 0.024 0.0267 0.0294 0.0322 

140 4.7121 0.016 0.0185 0,02 0.021 0.0236 0.0262 0,0289 0.0317 

150 4.7907 0.0157 0,0182 0.0196 0.0206 0.0232 0,0258 0.0285 0.0312 

160 4.8693 0.0155 0.(} 179 0.019B 0,0203 0.0228 0.0254 0,028 0.0307 

170 4,9479 0.0152 0.0176 0.019 0.02 0.0225 0.025 0,0276 (}.0302 

18O 5.0264 0,015 (L0173 0.0187 0.01 (.)7 0.0221 0.0246 0.0271 0.0297 

190 5.105 0.0147 ().017 0.0184 0.0194 0.0218 0,0242 0,0267 0.0293 

200 5.18?,6 0.0145 (I.o 168 0.0182 0.0191 0.0214 0.0238 0,0263 0.0288 

[ l ]  The  manutacmrcr '~  ]isma~ shall ~,Pccflv the tempera ture  range to t  opc~ ation. 
12] 'WiV [Agcnt ~,\'cighl Rt.qLlirvmelatS dbA u ft)] = Potlnd~, o [agc l l t  r c q u u c d  pcF tubi< loot of l)lol( '{lcd VOltlllw to pr~,dutc indtGttcd t o m c n t r a t i o n  ;it t empe r -  
at t trv ~pe{ified. V C 

W - -  
S 100  - (] 

I:'>] t I T e m p c r a t u r c  (F)] T h e  {lehigh t e n l p e l a m r c  m the h a / a M  area.  
14j S [Spccdl( \ ' o h m i c  (cu ff/Ib)] --  Specific vo lume  of supe rhea t ed  | tCFC Blend A vapor  ma~ be a p p r o x , m a i c d  b) the fbrmula:  

S - 3.612 + 0.0079t 
where  I = tc l 'npela lurc  (l") 

13] ( ' . [ (  ]Oil( e l l t l i t l l on  (G;)l - -  V°l i lnl t>l  rl( i oll((>ilt l, it lOll o[ H( :FC Blend . \  in ah  :it thc Icmpel  :tttil 'c indi( ,il(,d 
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Table 3-5.1(e) HCFC-124 Total Flooding Quantity [1] 

HCFC- 124 
Temp Specific Vapor 

-t- Volume HCFC-124 Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2] 
(F) -S- 

(cu ft/lb) Design Concentration (% by volume) [5] 
[3] [4] 

5 6 7 8 9 10 11 12 

- 70 1.954 0.0269 0.0326 t).0385 0,04,t5 0.0506 0,{}5(:~{,) 0.0632 0.0698 

- 60 2,01 ] 0.0262 0.(}317 0.037,1 0.0432 0.0-192 0.0552 0,0614 0.0678 

- 50 2.068 0,0254 0.(}309 0.036-t 0.0420 0.0478 0.0537 0.0598 0,0659 

- 40 2 .125 0 .0248 (}.{}30(} 0 .0354 0.(}4(}9 0 .0564 {}.0523 0 ,0582 {},(}{H 2 

- 3(} 2.181 0.0241 0.{}2{,)3 0.03.t 5 0.04{}{,1 0.{}465 0 .0523  {}.{}582 (}.(}6,t 2 

- 20 2 .238  0 .0235  0 .0285 0 .0336  0 ,0388  {}.0442 0 .0496  0 .0552  0 .0609  

- 1 (} 2 .295 0 .0229  0.{}278 0.(}328 {}.037{`) 0.0431 0.0,184 (}.(}538 (}.05{,}4 

{} 2,352 0.(}22.1 0.0271 0.0320 0,0370 {},{}420 0.0472 0.0525 0,0580 

1 (} 2 .409 (}.0218 (}.{}265 (}.(}312 0.(}361 {}.{}410 0.{}.t 61 0.{}513 0 .0566  

20 2 .466  0 .0213 (}.025{,} 0.{}3{}5 {}.0353 (}.(}4(} 1 0.0-t50 0.05{} I {}.(}553 

30 2.522 0.02{19 {}.(}253 0.{)298 {}.{}345 0.()392 0.044() ().{)49(} 0.05,t 1 
. . . . . .  O {  O .t0 9 ~7{} (}.02(}-t 0 .0247 0.{}_,}_ (}.0337 0.{}383 (}.{}431 0.{}4"7{`) 0.052{`} 

50 2 .636  0 .0200  0 .0242 0 .0285  0.{}33(} 0 .0375  0.0421 {},(}46{`} (}.(}517 

60 2 .693 0 .0195 0 .0237 0 .0279  0 .0323 0 .0367 0 .0412  {},0459 (}.05(}{i 

70 2 .750 0.0191 (}.0232 {}.(}274 {).0316 (}.0360 0.(}4(}4 {),04,19 ().0,t96 

80 2.807 0.0187 0,{)227 0.02{'~8 0.0310 0.{}352 (}.03{`}(; (}.044() (}.0-t 8{} 

{̀ ){} 2.863 0 .0184  0 .0223 0.{}263 0.{)304 (}.{)345 0 .0388  0 .0432  0.{}.t 76 

l ()(} 2.{.}20 0.018() 0 ,0218 0.{}258 0 .0298  (),{):~ 39 0.{}380 0.()423 ().(}.t{i7 

110 2.977 0 .0177 0 .0214 0 .0253 (}.02{,)2 {}.0332 0 .0373 0 .0415 0 .0458  

120 3.(}34 0 .0173 0.021 {} 0.02,18 0 .0287  (}.0326 (}.0366 O.{},107 (}.0-t49 

13(} 3,091 0,0170 0.0206 0.0243 0,0281 0.032(} 0,(}35{`} (},0400 0.0441 

140 3,1 ,t7 0 .0167 1}.02(}3 0 .0239  0 .0276  0 .0314 (}.0353 ().(}39:~ (}.0,t 33 

150 3,2(}4 0.016-t 0.() 199 0 .0235 0.(}271 0.(}3(}9 0 .0347  0.(}386 0.(}.t26 

160 3.261 0.0161 0 .0196  {}.(}231 0 .0267 0 .0303 (}.0341 (}.0379 (}.0.t 18 

17{) 3.318 0.0159 0,{} 192 0.0227 ().{}262 0.(}2{`)8 0.(}335 (},0372 0,0-t I 1 
180 3.375 {}.0156 {}.0189 ().{}223 0 .0258 0.(}293 (}.032{`} (}.036(~ 0 .0404 

190 3.-t32 0 .0153 0.{} 186 0.(}21 !} (}.0253 {}.(}288 0.{}324 1}.(1360 0 ,0397  

200 3..488 0.0151 0 .0183 0 .0216  (}.(}24{`} (}.(}283 {}.0318 0.{}354 0.03{`) 1 

[ I ]  The  mantdht turcr 's  l ist ing 'd~all '~pecif', the w m p e r a m r e  rawg{' I . r  opcrau{m. 
[2] W'V [.,\gent Weigh[ Requ i rement s  (Ib/cu It)] = I}ouHds ~}I agt.,zlt l 'cquircd pc'r cu}}i{ [ooI oJ pro tec ted  vo lume  t{} produce indicated {omcnt r , l l ion  lit tc'ml}cr- 
A~UIC SlIC{ ified. V C 

W - - -  
S 100 C 

I'."] I [T{ 'mpcratur { '  (F)] - -  The  dc~.igw Wmpcramr¢  in lhc hazal d a~t'a. 
[-I] ~ ISpc{ ific X 'ohmw {cu {VIb)] - -  Specific ',',~hmw ot , ,uperhcawd I ICFC-1'2}4 ~,q},}r m,B Iw ,q}p~ o x i m a w d  IB d w  formul ,L 

S 2.?,52 + 0.0057t 
W}lCl{' I = IClIlpCI,I[UI~L' (1:) 

15] C [(hmccntra l io t l  (Pf)[ --  VohHnctri{ concclltv'alion of  HCF(]-12.t in air at the t e m p e r a t u r e  imh(a tcd .  
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Table 3-5.1(f) HFC-125 Total Flooding Quantity [11 

HFC-125 
Temp. Specific Vapor 

-t- Volume HFC-125 Weight Reqirements of  Hazard Volume W/V (lb/cu It) [2] 
(F) -S- 

(cu ft/lb) Design Concentration (% by Volume) [5] 
[3] [4] 

7 8 9 10 11 12 13 14 15 16 

- 70 2 .2830  0.(}330 (}.0381 0 .0433 0 .0487 0.0541 0 .0597  0 .0655  0 .0713 0 .0773 0+0834 

- 6{) 2 .3460  0.{}?,21 0.0371 0 .0422 0 .0474  0 .0527 0.{}581 0 .0637 0.06{,)4 0 .0752 0 .0812 

- 50 2.,t09{) 0 .0312 0.0361 0.0411 0.0461 0 .0513 0 .0566  0 .0620  0 .0676  0 .0733 ().1)7,{,} I 

- 40 2 .4720  0.03()4 0 .0352 0 .0400  0 .0449  0 .0500  0 .0552  0 .0604 0 .0659  0 .0714  0.0771 

- 30 2 .5350  0 ,0297 {),0343 0.()390 ().0438 0 .0488  0.()538 0.1}589 0 .0642 0 .0696  0.0751 

- 20 2 .5980  0 .0290  0 .0335 0.0381 0 .0428  0 .0476  0 .0525 0.()575 0 .0627 0.067{,} 0 .0733 

10 2 .6610  0 .0283 0 .0327 0.{}372 0 .0418 0 .0464 0 .0512 0.()562 1),0612 0 .0663  0 .0716  

0 2.72. t0 0 .0276  0 .0319  0 .0363 0.()-t08 0 .0454 0,0501 0.054{`} 0 .0598  0 .0648  {}.06{,)9 

10 2 .7870  (}.0270 0 .0312 0 .0355 0.(}399 11.0443 0 .0489  {}.0536 0 .0548  0 .0633  0+{}683 

20 2 .8500  0 .0264 0 .0305 0 .0347 0 .0390  0 .0434  0.0,178 0 .0524 0.0571 0.061 {,1 0 .0668 

30 2 .9130  ().0258 0 .0299  0+0340 0.(}381 0 .0424  0.04{',8 {}.0513 0.{}559 0 ,0606  0 .0654 

40 2,{,)760 0 .0253 0.02{,)2 0 .0332  0 ,0373 0 .0415 0 .0458  0 .0502  0 .0547 ().0593 0 .0640  

50 3+039(} 0 .0248  0.{}286 0 .0325 0+0366 0 .0407 0 .0449  0 .0492 0 .0536  (}.0581 0 .0627 

60 3 .1020  0 .0243  (}.0280 0 .0319  0 .0358  0 .0398 0 .0440  0 .0482  0 .0525 0 .0569  0.061-t 

70 3.165(} 0 .0238 0 .0275 0 .0312 0.0351 0.0391 0.0431 0 .0472 0 .0514  0 .0558  0 .0602  

80 3 .2280  {)A}233 0 .0269  0 .0306  ().0344 0 .0383 0 .0422 0.(}463 {}.0504 0 .0547 {}.05{,}0 

{,,}0 3 .2910  0,{)229 0.{}264 0.03(} 1 ().0338 {).()376 0+0414 0 .0454 0 .04{, ,}5  0.{)536 0,()57{,) 

100 3 .3540  0 .0224 0 ,0259  0 .0295 0.0331 0 .0369  0 .0407 0.04, t6 0 .0485  0 .0526  0 .0568  

110 3 .4170  0.022(} 0 .0254 0 .0289  0 .0325 0 .0362 0.03{,){.)  0.0, t37 (1.0476 0 .0516  0 .0557 

120 3 .4800  0 .0216  0 .0250  0 .0284  0.031 {,) 0 .0355 0 .0392  0 .0429  0 .0468  0 .0507  0 .0547 

130 3.543() 0 .0212  0.02, t5 0.027{,) 0 .0314 0 .0349  {).0385 0 .0422 0 .0459  0 .0498  0 .0538  

140 3.1~060 0 .0209  0.0241 0 .0274 0 .0308 0 .0343 0 .0378  0.0,t 14 0.0451 0 .0489  0 .0528  

150 3 .6690  0 ,0205 0 .0237  0.027(} {}.0303 0.(}337 0 .0372  0 .0407  0.(}444 0.0481 0 ,0519  

160 3 .7320  0.02()2 0 .0233 0 .0265 0.02{`)8 {).()331 0 .0365  0.0,100 0 .0436  0 .0473  0 .0510  

170 3.79:-}0 0.01 {.}8 0 .0229  0.0261 0 .0293  { } . 1 } 3 2 6  0 .0359  0 .0394 0 .0429  0 .0465 0 .0502  

180 3 .8580  0 .0195 0 .0225 0 .0256  0 .0288 0 .0320  0 .0353 0 .0387 0 .0422 0 .0457 0 ,0494  

190 3 .9210  0 .0192  0.{}222 0 .0252 0 .0283 0 .0315 0 .0348  0.0381 0 .0415 0.045(} 0 .0486  

200 3 .9840  0.(} 189 0 .0218  0.02, t8 0 ,0279  0 .0310  0 .0342  0 .0375 0.(}409 0 .0443 0 .0478  

[1] t h e  manulhc turcr 's  l ist ing shall spedt'~ tIle t c m t w l a t m c  ~angc Ior  {q)crat ion. 
I21 W/V [Ag,..'nt Weight Requirement', rib/{ u fi}+ = Pour.ls oi+agcm require,:l per cubic Ic+c,t ,:ff protected +,:ohmic to pr{Muce indicated {-onct'ralalion at tempt'r- 
,tturc spc{' l i icd. V C 

W _ I  
S 100 C 

[3] t [T,+:n+q}cratul{ , (I:)] -- I h,..' dcqgn tcmpcratm,.' m the hazard are;+,. 
141 S [Specific \ '{dunw {{u fl/ll}ll -- SI},:{ iIi{ xohH+nc of ,,tq+,.'rhcated IIF{;-195 vapor may be appr<>×hnatcd by the h}imula: 

S = 9 . 7 2 , 1  + (}.l)t){'i2+t 

where t - temperature (F) 
[5] (" [Ctm{'cntratitm (++)] -- V{}lumctri{ {on{cntlation ol IIFC-125 m +tit at the teml}crature indi{ated. 
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Table 3-5.1(g) HFC-227ea Total Flooding Quantity [1] 

HFC-227ea 
Temp Specific Vapor 

-t- Volume HFC-227ea Weight Requirements of Hazard Volume W/V (lb/cu ft) [2] 
(F) -s- 

(cu ft/lh) Design Concentration (% by volume) [5] 
131 [4l 

6 7 8 9 10 11 12 13 14 15 

10 I .(`}264 0.0331 0.0391 0.0451 0 .0513  0 ,057 0 .0642 0 .0708  0 .0776  0 .0845  0 .0916  

20 1,9736 0.0323 0.0381 0.0441 0.0501 0 .1 )563  0.0626 0.0691 0.0757 0.0825 0.0894 

30 2.0210 0.0316 0.0372 0.0430 0.0489 0.0550 0.0612 0.0675 0.0739 0.0805 0.0873 

,10 2.0678 0.0309 0.0364 0.0421 0.0478 0.0537 0.0598 0.0659 0.0723 0.0787 0.0853 

50 2.1146 0.0302 0.0356 0.0411 0.0468 0.0525 0,0584 0.0645 0.0707 0.0770 0.0835 

60 2.1612 0.02(.)5 0.03.t8 0.0402 0.0458 0.0514 0.0572 0.0631 0.06( . )1  0.0753 0.0817 

70 2.2075 0.0289 0.0341 0.039,t 0.0448 0.0503 0.0560 0.0618 0.0677 0.0737 0.07(.)9 

~0 2.2538 0.02~3 0.0334 0.0386 0.0439 0 .049 :~  0.0548 0.0605 0.0663 0.0722 0.0783 

90 2.2(,)94 0.0278 0.0327 0.07~78 0.0430 0 + 0 4 8 3  0.0538 0.0593 0.0650 0.0708 0.0767 

100 2 .3452  0 .0272  0.0321 0.0371 0 .0422  0 .0474  0 .0527 0 .0581 0 .0637 0 .0694  0 .0752  

110 2 .3912 0 .0267  0 .0315 0 .0364 0 .0414  0 .0465 0 .0517 0 .0570  0 .0625 0.0681 0 .0738  

120 2 .4366  0 .0262  0 .0309  0 .0357 0 .0406  0 .0456  0 .0507 0 .0560  0 .0613  0 .0668  0 .0724  

130 2.-1820 0.0257 0.0303 0.0350 0.0398 0.0448 0.(}4(.)8 0.0549 0.0602 0.0656 0,0711 
1+t0 2.5272 0.0253 0+02(,)8 t).0344 0.0391 0.0440 0.0489 0.0540 0.0591 0.06.t4 0.0698 

150 2.5727 0.0248 0.0293 0,0";38 0.03~4 0,0432 0.0480 0.0530 0.0581 0.0633 0.0686 

160 2.6171 0.02.t4 0.0288 0.0332 0.0378 0.0425 0.0472 0.0521 0.0571 0.0622 0.0674 

170 2 .6624 0 .0240  0 .0283 0 .0327 0.0371 t ) . ()ll 17 0 .0464 0 .0512  0.0561 0.0611 0 .0663  

180 2.7071 0 .0236  0 .0278  0.0321 0 .0365  0.0,110 0 .0457 0 .0504  0 .0552  0.0601 0 .0652  

190 2 .7518  0 .0232  0 .0274  0 .0316  0 .0359  0 .0404  0 .0449  0 .0496  0 .0543  0 .0592  0.0641 

200 2 .7954 0 .0228  0 .0269  0.0311 0 .0354  0 .0397  0 .0442  0 .0488  0 .0535  0 .0582  0.0631 

[I] The mantdhcturer's listing shall specify tilt+' temlwraturc range for operati<m. 
[21 W / V  [Agent Weight Requirements, (Ib/t u li)l : Pounds c)I' agent required per c ubi¢ Io,>t of pr,,tccted vohHne to produce indicatcd c<m<entration at temper- 
aturc spet'itied. V (: 

W = - -  
S I(1() - (: 

131 I [+l'cmpcraturc (F)] -- The design temperature m the hazard area. 
1,I] S ISpetiti( Volume (tu It/lb)] -- Specific volume oi sup,,'rhcated HF(:-227ca vapor may be approximated b', the tormula: 

S = 1.8~;5.t + 0+0045741 
where t  = tempera ture(F)  

[51 (i IConcentration (%)] -- \'olun~ctri¢ ¢omcntration of llFC-227ea in air at the temperature indicated. 
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Table 3-5.1(h) HFC-23 Total Flooding Quantity [l] 

HFC-23 
Temp Specific Vapor 

-t- Volume HFC-23 Weight Requirements of Hazard Volume W/V (Ib/cu ft) [2] 
(°F) -S- 

(cu ft/Ib) Design Concentration (e~ by Volume) [5] 
[3] [4J 

lO 12 14 15 16 17 18 20 22 24 

70 :U,){~64 ().0280 0.0344 0.0.t 10 0.0445 0,0480 0.0516 0.0553 0.0630 0.0711 0.0796 

- 60 ,I,0783 0.0272 0.0334 0 .03{ , )9  (} .0 ,133 ().0467 0.05()2 ( ) . 05 :~8  0.(}613 0.(}692 (}.0774 

- 50 -I. 1893 0.{}2(i5 0.0325 0.0389 0 . ( } 4 2 1  0.0455 0 .048{ , )  0.0524 0.0597 0,0673 0.0754 

- 4 0  ,t.2997 0.{)2.58 0.0317 0,0379 0.0410 0.0443 0.0476 ().05I l ().0581 0 . 0 6 5 { ~  0.0734 

- 3{) ,t.,t094 {}.(}'252 0.(}309 0.0369 0.0400 0.0432 0.0465 0.0498 0.0567 0.0640 0.0716 
- 20 ,t.5187 0.0246 l).0302 {).()3{~() ().0391 0.0422 0.0453 0.0486 ().0553 0.0624 ().069{,} 

10 ,1.6275 0.0240 0.0295 0.0352 0.038l 0.0412 0.0+t3 0.0474 0.0540 0.0610 0,0682 

0 ,1.7359 0.0235 (}.0288 0.03.t-t 0.0373 0.0402 0.0432 0.0464 0.0528 (}.0596 0,0667 

10 ,t.8439 0.0229 0.0282 0.033(~ ( ) .03(~4  0.0393 0.0423 0,0453 (}.0516 0.0582 0.0652 

20 .t.9516 ().022.t 1) .027"} 0.0329 0 . 0 3 5 { ~  0.0385 0.0416 0.0443 0.051)5 0.0570 0.0(;38 

30 5.05{,)0 0.0220 0.0270 0.0322 0.03,t9 0.0377 0.0405 0.0434 0.0494 0.(}558 0.062-t 

.t0 :'1.1662 0.0215 0.026,t 0.0315 0.03,t2 0.036, {) 0.0396 0.0425 0.0484 0.0546 0.0(i I l 

50 5,2731 0,0211 0.0259 0.0309 0.0:k~5 0.0361 0.0388 0,0416 0,0474 0.0535 0.0599 

60 5.3798 0.0207 0.0253 0.0303 0.{)328 ().()354 0.03X 1 0.0-t()8 0.0465 0.0524 0.0587 

70 5..1~64 0.0203 0.0249 0.0297 0.0322 0.0347 0.0373 0,04(}0 0.0456 0.(}514 0.0576 

80 5.5928 0.0199 (),()24,t 0.0291 0.0316 0.0341 0.0367 0.0392 0.0447 0.0504 0.0565 

90 5.6991 (}.0195 0 .023{ . )  0.0286 (}.0310 0.0334 0.0359 0.0385 0.0439 0.0495 0.0554 

100 5.8052 0.()l {,)l O . O 2 3 3  0.02~0 0.0304 0.0328 0.035:~ 0.0378 0,0431 0.0486 0.0544 

I I {) 5.9112 ().0188 ().0231 {).0275 0.0299 0.0322 (}.0346 ().0371 0.0423 { } . 0 4 7 7  0.()534 

120 6 . ( }172 0 .0185  0 .0227  0.0271 0.02{,)3 0 .0317  0 . 0 3 4 0  0 .0365  0 .0415  0 .0 , t69  0 .0525  

130 6.1230 0.01 ,~ 1 0.0223 (}.02(i{i  0.0288 0.0311 ().0B35 0.0359 0.0408 0.046 t 0.0516 

140 6.2287 0.0178 0.0219 0.0261 0.0283 0.0306 0.0329 0.0352 0.0401 0.0453 0.o507 

150 6.3344 0.() 175 0.0215 0.0257 0,0279 0.0301 0.0323 0.0347 0.0395 0.0-t45 0.0499 

160 {L,t,100 0.0173 0.0212 0.0253 0.0274 0.0296 0.031 !) 0.0341 0.0388 0.043~ 0.0490 

17() 6.5455 ().()IT(} 0.o208 0.0249 0,0270 0.0291 0.0313 0.0335 0.0382 0 . {}431  0.0.t82 

1s() 6.6510 0.0167 0.()205 0.02,15 0.0265 0.0286 0.03()8 0 , 0 3 3 { }  0.0376 0+0424 0.0-t75 

1 {,){} 6.7564 0.{) 164 0.0202 0 .{}241  0.0261 0.0282 0.03()3 {).{}325 0.0370 0.0,t 17 0.0467 

I l l  FIw mamda{ t tHcr 'n  l ist ing shall st . . ' { i t \  d w  temperature  zangc Ior oPerati<m. 
121 V';/V 1.\g{'nt V';{'}ght Rc,,lUhCmenls (Ihk u hi ]  : lhmnd,~ ot a~,,'nl rcquir{ 'd p,.'r c t t l )k  fi~ot o f  pH}lccled volum,,, to pH~du{,," m{lv:ated {t l l l { 'cHI l i t l loH 0.t 
a turc ',pccil ied. V C 

S 100 C 

[3l t I ' l cml>erature  (1"}1 - Thc  deMgn 14.'l l lpCl;l lt l l 'J.' i l l l i l t '  ha/ard area, 
[,t] N, I:';pc(ith- V ,dumc ({u ti/ l l}}] - -  Sl}C~ dic vo lmne ot S.lWHWatt'd I IFC-23 vapor may be ap l . ' . xm~ated  tB the t<~rmula: 

S - 4 731 + ().011)7l 
• .~ht'rl' I " l t ' l n p c r , l l u l t "  {I" } 

I3] {. [Con tcn t ra l l on  (~) ]  - -  \ '+dum,.' lrw { + m { t ' n H , t l l . n  {~1 I IFC-23 in mr al Ih,.' Icmpcrat tzrc in<titatcd. 

| { , 111P t , I  - 
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Table 3-5.10) IG-541 Total Flooding Quantity [1] 

IG-541 
Temp Specific Vapor 

-t- Volume IG-541 Volume Requirements of Hazard Volume V/% ~ (cu ft IG-541/cu ft) [2] 
(F) -S- 

(cu ft/lb) Design Concentration (% by volume) [5] 
[31 [4] 

34% 38% 42~,, 46% 50% 54% 58% 62% 

- 44) 8.87867 0.525 0.604 0.688 0.778 0.875 I).981 1.096 1.222 
- 30 9.09055 0.513 0.5{)0 0.672 0.760 0.855 0.958 1.070 1.19,t 
- 20 9.30243 0.501 0.576 0.657 0.743 tl.836 0.936 1.046 1.166 

10 9.51431 0.490 0.563 0.642 0,726 0.817 0.915 1.022 1.140 
0 9.72619 0.479 0.551 0.628 0.71 I) 0.7(`)(`) I).895 1,000 1, I 16 

10 9.93807 0.469 0.539 0.615 0.695 0.782 I).876 0.979 1.092 
20 10.14990 0.459 0.528 0.61)2 0.681 0.766 0.858 0.958 1.069 
30 10.36180 0.450 0.517 0.5(.)1) 0.667 0.750 0.840 0.93(,) 1.0.t7 

4(I 10.57370 0.441 0.507 0.578 0.653 0.735 0.82-t 0.920 1.020 
50 10.78560 0.432 0,497 0.566 0.641 0.721 11.807 I).91)2 1 .I)06 
60 10.99751) 0.424 0.487 0.555 0.628 0.707 0.792 0.885 0.987 
70 I 1.20930 0.416 0.478 0.545 0,616 0.693 11.777 0.868 0.968 
81) 11.4212{) 0.408 0.469 0.535 t).605 0.681 0.762 0.852 0.950 
90 I 1.63310 0.401 0.461 0,525 0.594 0.068 0.749 I).830 0.933 

100 I 1.84500 0.393 0,453 0.516 0.583 I).656 0.735 0.821 0.916 
110 12.05690 0.386 0.-145 0.507 0.573 I).645 0.722 0.807 0.900 
120 12.26870 0.380 0.437 0.498 0.563 0.634 0.711) 0.793 I).88,4 
130 12.48060 0.373 I).430 I).4S. {1 0.554 I).623 I).698 0.779 0.869 
140 12.09250 0.367 0.422 0.481 0.544 0.612 (),686 0.766 0.855 
150 12.911440 0.361 0,415 0.473 I).535 0.61)2 0,675 0,754 0.8,t 1 
161) 13.11631/ 0.355 0. t09 0.466 0.527 0,593 0.66.t 0.742 0.827 
171) 13,32810 0.350 0.402 0.458 0.518 0.583 0.653 I).730 0.8 I-t 
180 13.54000 11.344 0.396 0.451 11.51 I) 0.574 0.6,13 0.718 1t.801 
190 13.75190 11.339 0.391) 0.4+4 0.502 I).565 11.633 0.707 0.789 
200 13.96380 I).3"~4 0.384 0.437 0.495 I).557 0.62.4 I).697 0.777 

[ l iThe  manu|acturer's listing shall sp¢cit~' the tetnperature range tM operation. 
[2] For V/V [Agent Vohtme Reqtfirements ({ u li/cu fi)], rel;,'r to 3-5.2. 
[3] t [Temperatm'e (F)] The design temperatule in the hazard alea. 
[-t] S [Specific Volume (cu fi/Ib)] -- Specific vohune oI superhe;m'd I(;-5-tl vapor may be ,q}proxmmted by the fi)rmtda: 

S - 9.7261 + 0.02lit 
wheret = temperature(F) 

[5] C [(hmcentrati(m (9+)1 -- Volumctri{ ctmtentration ot 1(;-£)+tl in air at the tenlptqattHe il+tlk.ttcd. 

3 -6"  Pressure  A d j u s t m e n t .  T h e  d e s i g n  quan t i t y  o f  t h e  
c lean a g e n t  shall be  ac[justed to c o m p e n s a t e  to r  a m b i e n t  p res -  
s t n e s  tha t  vary m o r e  t h a n  11 p e r c e n t  [equiva len t  to a p p r o x i -  
mate ly  3000 fi (915 m) o f  e leva t ion  c h a n g e ]  f r o m  s t a n d a r d  
sea level p r e s s u r e s  [29.92 in. H g  at 70°F (760 m m  H g  at 
0°C)]. T h e  a m b i e n t  p r e s s u r e  is a f fec ted  by c h a n g e s  in ah i t ude ,  
p re s su r i za t ion  o r  d e p r e s s u r i z a t i o n  o f  t he  p r o t e c t e d  enc losu re ,  
a n d  w e a t h e r - r e l a t e d  b a r o m e t r i c  p r e s s u r e  changes .  T h e  agen t  
quan t i t y  is d e t e r m i n e d  by m u h i p l y i n g  t h e  quan t i t y  d e t e r -  
m i n e d  in 3-5.1 o r  3-5.2 by the  ra t io  o f  ave r age  a m b i e n t  ench)-  
su re  p r e s s u r e  m s t a n d a r d  sea level p r e s su re .  

3-7 Durat ion o f  Protect ion.  It  is i m p o r t a n t  t ha t  an  effec-  
tive a g e n t  c o n c e n t r a t i o n  n o t  on ly  shal l  be  a c h i e v e d ,  b u t  
a lso  shal l  be  m a i n t a i n e d  for  a su f f i c i en t  p e r i o d  o f  t i m e  to 
al low efl-ective e m e r g e n c y  ac t i on  by t r a i n e d  p e r s o n n e l .  Tiffs  
is equa l ly  i m p o r t a n t  in all c lasses  o f  f i res  s ince  a p e r s i s t e n t  
i g n i t i o n  s o u r c e  (e .g . ,  an  a r c ,  h e a t  s o u r c e ,  o x y a c e t y l e n e  
to rch ,  o r  " d e e p - s e a t e d "  f ire)  c a n  l ead  to r e s u r g e n c e  o f  t h e  
init ial  e v e n t  o n c e  t h e  c l ean  a g e n t  has  d i s s i p a t e d .  

Table 3-6 Atmospheric Correction Factors 

Atmospheric 
Correction 

Equivalent Altitude Enclosure Pressure Factor 

- 3 , 0 0 0  ft (0.92 kin) 16.25 psia 184.0 cm l tg) 1.11 
- 2 , 0 0 0  fi 10.61 kin) 15.71 psia (81.2 cm tlg) 1.07 
- 1,0110 fi (0.30 kill) 15.23 psia (78.7 cm I lg) 1.0.t 

0 fi (0.00 kill) 14.71 psia (76.0 cm ttg) 1.00 
1,1)00 ti (1).30 kill) 14.18 psia (73.3 cm ttg) 11.96 
2,000 fi (I).61 kill) 13.64 psia (70.5 cm Hg) 0.93 
3,1)00 fi (11.92 kin) 13.12 psia (67.8 cm Hg) 0.8(.) 
4,000 fl (1.21 kin) 12.58 psia (65.0 cm tlg) 0.86 
5,000 fi (0.92 kin) 12.04 psia (62.2 cm ttg) 0.82 
6,000 fi (1.52 kin) 11.53 psia (59.6 cm Hg) 0.78 
7,000 fl (1.83 kin) 11.113 psia (57.0 cm fig) 0.75 
8,000 fl (2.13 kin) 11).64 psia (55.0 cm ltg) 0.72 
9,000 fl (2.44 kin) 10.22 psia (52.8 cm tlg) 0.69 

11),000 fi (3.05 kin) 9.77 psia (50.5 cm Hg) I).66 
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3-8 Distribution System. 

3-8.1 Rate of Application. 

3-8.1.1 The minimum design rate of apt)lication shall be 
hased on the quantity of agent required fin the desired 
concentration and the time allotted to achieve the desired 
COllCelttratioll. 

3-8.1.2" Discharge Time. 

3-8.1.2.1 The agent discharge shall he coml)lcted as 
quickly as possible to suppress the life and limit the torma- 
tion of decomposition and comhustion products. I n no case 
shall the discharge time excee<l 10 scc<mds, or as otherwise 
required by the auth<n'ity having jurisdiction. 

Excephon: For inert gases lkat do not [orm <lecrmq)osilion prod- 
rots, the dischmge lime ma~, be exh'.ded to achieve the desig, con- 
cenhation within 1 minute. 

3-8.1.2.2 The discharge time period is detined as the time 
required to discharge fiom the nozzles 95 percent of the 
agent mass [at 70°F (21°(i)] necessary Io achieve Ihe mini- 
lltUIIi design concentration. 

Flow calculations pertormed per Section 3-2, or in accor- 
dance with the listed pre-engineered system's instruction 
manuals, shall he used to demonstrate compliance with this 
l)aragraph. 

3-8.2" Extended Discharge. When an extended dis- 
charge is necessary, the rate shall he sutticienl to maintain 
the desired concentration tot the required hold tithe. 

3-9 Nozzle Choice and Location. 

3-9.1 Nozzles shall be of the type listed tot the intended 
purfmse and shall be placed within the protected enclosure 
in compliance with listed limitations with rcgar<t to spa(- 
ing, lh)or coverage, and alignment. 

3-9.2 The type of nozzles selected, their numher,  an(t 
their placement shall be such that the design concentration 
will be established in all parts of the hazard enclosm+e and 
such that the discharge will not unduly splash tlammable 
liquids or creatc dust chmds that might extend the fire, 
create an explosion, or otherwise adversely alliect the con- 
tents or integrity of the enclosure. 

Chapter 4 Inspect ion,  Maintenance,  Testing,  and 
Training 

4-1 Inspection and Tests. 

4-1.1 At least annually, all systems shall he thoroughly 
inspected and tested for proper operation hy competent 
personnel. Discharge tests arc not required. 

4-1.2 The inspection report with recommendati<ms shall 
be filed with thc owner. 

4-1.3 At least semia,mually, the agent quantity and pres- 
sure of relillahle containers shall be checkcd. 

4-1.3.1 For halocarbon clean agents, i fa  containcr shows 
a h>ss in agent quantity ot + more than 5 pcrcent or a loss in 
pressure (adjusted for tcmperaturc) o1' more than I0 per- 
cent, it shall he refilled or replaced. 

4-1.3.2 For inert gas clean agents that are not liqt.clie(I, 
pressure is an in(lication o1 + agent quantity. If an inert gas 
clean agent container shows a loss in pressure (;t(0tlstetl for 
temperattlre) of more than 5 percent, it shall he refilled or 
replaced. Where contai,mr pl+esstHe gauges are used l~:)r 
this purt)ose, they shall be c<mq)ared to a separate cali- 
hrated device at least annually. 

4-1.3.3 Where tim amount ot + agent in the container is 
determined by special measurmg devices, these devices 
shall he listed. 

4-1.4 All halocarhon clean agent renmved []om refillable 
containers during service or maintenance procedures shall 
he collected and recycled, or disposed of in an environmen- 
tally sound mamwr and in accordance with existing hews 
arm regulations, eXll inert gas clean agents hased on those 
gases normalh'  tound in the earth+s atmosphere need not 
he recycled. 

4-1.5 Factory-charged, nonrelillahle containers that do 
not have" a means of pressure indication shall have the 
agent quantity checked at least semiannually. I fa  container 
shows a loss in agent (tuantity of more than 5 percent, it 
shall be replaced. All |actory-charged, nonrefillable con- 
tainers renloved fiom uscftd service shall be returned tor 
recycling ot' the agent or disposcd o t in  an environmentally 
sound manner  and in accordance with existing laws and 
regulations. 

4-1.6 For halocarhon clean agents, the date otinspection,  
gross weight of cylinder plus agent or net weight of agenl, 
type of agent, person per i l ) ru ing  the inspection, and, 
where applicable, tim pressure at a recorded temperature 
shall be recorded on a tag attached to the container. For 
inert gas clean agents, the date of inspection, type of agent, 
person pertbrming the inspection, and the pressure al a 
recorded temperature shall he recorded on a tag attached 
to the container. 

4-2 Container Test. 

4-2.1 l)epartment of Transportation (D.O.T.), Canadian 
Transporl  Commission (C.T.C.), or similar design clean 
agent containers shall not he recharged without retest if 
more than 5 years have elapsed since the date of the last 
test and inspection. For halocarhon agent storage contain- 
ors, the retest may cousist of a complete visual inspection its 
described in the Code of Federal lCegulations, Title 49, Sec- 
tion 173.3.1 (e) (1(I). 

N()TE: +l'ransportmg ch,u'gcd containers that have not 
been lested within 5 years may be illegal. Federal and local 
regulations should be c<msulted. 

4-2.2* Visual Inspection. Cvlmders continuously in set- 
vice without discharging shall he given a complete external 
visual inspection every, 5 years• or more frequently if 
required. The visual inspection shall be in accordance with 
Compressed Gas Association pamphlet  C-6, Section 3, 
except that the cylinders need not be emptied or stamf)ed 
while under  pressure. Inspections shall he made only hv 
c()mpetent personnel and the results recorded on: 

(a) A record tag I)ermanently attached to each cylinder; 
and 

(b) A suitable inspection report. A completed copy of the 
inspection report shall he furnished to the owner of the 
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sxstem or his authorized representative. These vccocds 
simll he retained by the ownec liw the lit;e of the system. 

4-2.3 Where external visual inspection indic,ttcs that the 
~ontaincv lists bccn danmged, additional Sll 'e l lglh tes ts  shall 
be required. 

4-3 Hose Test. 

4-3.1 General.  All system hose shall he examined annu-  
ally fi)r <lamagc. If visual examination shows any deti- 
cicncv, the hose shall bc immediately ccplace<l oc tested as 
spcciiied in -t-3.?,. 

4-3.2 Testing. All hose shall he tested evecv 5 years. 

4-3.3 All hose shall be tested at 11/,2 timcs Ihc m:lximum 
container prcssucc sit 130°F (54.4°C) as l<>lh)ws: 

(;I) R e M o v e  the hose from auv attaclunent; 

(b) The hose assembly is then to be placed in a protcc- 
live cnclosuce designed to pecmit visual ohsecvation of the 
lust; 

(c) The hose must be tompletely filled with water befi>re 
testing: 

(d} Pressure then is applied sit a cate-ol:-pressure cise to 
reach tile test pressuce within a miniumm of l minl.te. The 
test pccssure is to he maintained toc 1 full minute. ()hser- 
rations arc then made to note any distortion or leakage; 

(c) If the test pcessure has not dropped oc if tile c<m- 
plings have not moved, thc pcessure is released. The hose 
assembly is then consideced to have passed the hvdcostatic 
test il + II() pecmanent distocti<m has taken place; 

It') Hose assembly passing tile test must hc completely 
<hied internally. If heat is used toc drying, the tempecatuce 
must not exce<~'d tile manulhcturec's specitications: 

(g) ttose assemblies tifiling a hwlrostatic lest must be 
luarked and <lestcoved. "l+hcy shali be replaced with new 
;tsscmhlics; and 

th) Each hose assemhly passing tile hydcostatic test ~,hall 
I>e marked to show the date of test. 

4-4 Enclosure Inspection. At least evecy 12 months, the 
encl<>sure protected by the clean agent shall he th<Jroughly 
iuspecte<l to <letecmiiae if penetcations oc other changes 
have occuvccd that could adversely affect agent leakage ov 
change volume ot hazartl or both. Where the inspection 
indicates c<mtlilions that could cesuh in inahility tO main- 
lain the clean agellt concentcation, tile'+' shall he coccected. 
11 + uncertainty still exists, the ench)snres shall bc rctested 
loc integrity ~n accordance with 4-7.2.3+ 

l+++'~(¢/)lloll." All t'lH'lo,qll't' IIIS[)C+'Ii(*II is Ira/ requm'd ,'~'t'~v 12 
monllrs i /a  <h, umc,h'd admi,i~lmlivc conh(>[ progmm cxist~ that 
addn'~w~ harm'r i,/egr#r+ 

4-5 Maintenance. 

4-5.1 These systems shall be maintained in lull operating 
t<m<liti<m at sill' tithes. Actuation, impairment,  an<l restoca- 
tion of this protection shall be ceported pc<mq)tly to tile 
authocity having.jurisdiction. 

4-5.2 Any troubles or impairments shall hc cocccctcd in a 
t imeh m,mncr consistent with the hazacd pc<>tecte<l. 

4-5.3* Any pcnetcations made thcough tile enclosure 
protected h+v the clean agent shall be sealed immediately. 
1 he method of sealing shall restore the ociginal lice cesis- 
lance cating of the enclosuce. 

4-6 Training. 

4-6.1 All pecsons who might he expected to inspect, test, 
maintain, or opecate live extinguishing systems shall lie 
th<)roughly tcained and kept thocoughly trained in the 
thncti<ms they ace expected to perfocm. 

4-6.2" Pecs<mncl working ill an ench>suce pcotected Iw a 
clean agent shall veccive tcaining ccgaMing agent salctv iss(.es. 

4-7 Approval of Installations. 

4-7.1 The completed s,;stem shall be ceviewed and tested 
hy qualified I)ersonnel to meet the appcoval o1 the authoc- 
it,,' having jurisdicti<m. Only listed eqtfipment and devices 
shall be used in the s)'stems. To detecmine that the D'stem 
has been pcoperly installed and will [unction as specitied, 
the tollowing tests shall he pcrlocmed. 

4-7,2 Installation Acceptance. 

4-7.2.1 It shall be detecmined that tile pcotected enclosure 
is in genecal conli)cnmnce with tile COIIStCllCtiOll docl.llllelltS. 

4-7.2.2 Review Mechanical Components. 

4-7.2.2.1 The  p i p i n g  d i s t r i b u t i o n  system shall be 
inspected to detecmine that it is in compliance with tile 
design and installation documents. 

4-7.2.2.2 Nozzles and pipe size shall be in accoMance with 
system dcawings. Means of pit)e size ceduction and attitudes 
o['tecs shall be checked toc contormance to the design. 

4-7.2.2.3 Piping.joints, dischacge nozzles, and piping sup- 
pocts shall be securely fastened to prevent unacccptable 
vertical oc latccal movelncnt ducing dischacge, l)ischacge 
nozzles shall be installed in such a nmnnec that piping can- 
not become detached dur ing dischacge. 

4-7.2.2.4 l)ucing assembly, t ire piping distcibution system 
shall be inspected intcvnalh' to detect the possibility of any 
oil <w particulate malice soiling tile hazard acca oc allL'cting 
tile agent distcibution due to a reduction in the elli:ctive 
nozzle orifice area. 

4-7.2.2.5 The discharge nozzle shall bc oriented in such a 
mannec that opt imum agent dispersal can bc clIi:ctcd. 

4-7.2.2.6 If nozzle detlectocs ace iustalled, thcv shall bc 
positioned to obtain ,naximum benetit. 

4-7.2.2.7 The discharge nozzles, piping+ and mount ing 
hrackets shall be iustalled in such st Inanncc that they will not 
potentially cause injul)  to pecsonnel. Agent shall not dicer tlv 
impinge on aceas whece pecsouuel might be tolmd in lhe 
nocmal w(>ck area. Agent shall not dicectlv iml)inge on any 
loose objects oc shelves, cabinet tops, oc similar suctiwes 
where h>ose objects could be pcesent aud hecome missiles. 

4-7.2.2.8 All agent stocagc containccs shall be pcol)crl } 
hwatcd in accordance with an approved set ofsystcm <lcawings. 

4-7.2.2.9 All containers and mount ing  brackets shall I)c 
fastened secucely in acc{}rdance with the nlanulhctucec's 
re(luicenlents. 
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4-7.2.2.10 A discharge test is gei leralb,  nol  iCCOlli- 
n lendcd;  however, i f  a discharge lcsl is to be c~lndiicted, 
t<mlainers ti>r the agenl io I)c used shall be weighed betiwe 
and ,|tier discharge. |:ill weight ot  conl, l i l ler  shall be veri- 
lied by weighing or other approved nieth~lds. FoF inert ~ilS 
cleat| agelll~,, (o i l la i l le l  pressilrc s]l<ill be recorded bcf ine 
and ai icr  disc harge. 

4-7.2.2.11 Ade<luatc quart| i t) o[  agent l~l produce t i ic 
dcsired specified concentra l ion shall be provided. The 
aClilal rooni vohiines sh,ill I)e ciieckcd against those indi- 
(aled on ti le svsleli/ drawings to el|sure ihc proper qtian- 
i i iy  oJ ageill. I;i i l l coasidown alid dal i iper (los|ire tinie shall 
I)e Ulkcii in lo c on~ideration. 

4-7.2.2.12 l 'hc  piping shall bc pneunlal ical ly tested in a 
ch>sed circuit t(~1 a period of  10 l l l i l /t l leS :il ],'~0 psig. At the 
elld of  l0 mill\ires, the 1)leSstlre dro i) ,~]la]] 11()[ ex(ee(| ~0 
|)ercellt o| ' lhe lesl ])resstlre+ !di'|len ill\" I) iping is being pres- 
sur i /ed, ])tt 'ssti ic shall bc in(teased i l l  Fl()-|)si (~/.5-bar) 
i i ic i t ' i l le l i l  s. 

CAUTION: |>ncunl,ilic plcSSUl-C icsling crc;lles ,I poten- 
tial risk <d mjur) to pt'l-SOnllt'] ill the ~il't'd |is ,I ICStlll of air- 
I)oiiic pr.jcctilcs if ruplurc <)t the piping sv~lt'ili oCCill~,+ 
l>l'i~i" 1o lht' pnt-tlnlalic |)icssurc lcsl llcing c~mdticicd, ihc 
prolctlcd ,irca shall I)c t.VaClialed ||lid <it)llr<lllriaic safe- 
guards shall I)t, t)rovidcd 1~)1 Ic~;I pt'r~llincl. 

Exccpli<m: 7he ].e,v~.re h'sl .shall h; perm;ttc<t to hr omilt,'d i/ the 
lotal pipi.~ co.lai.s m; more lha. ore' cha.ge i .  d;reclio.,/ilti.g 
hetw,'c, the L~lora,<4c to. tamer aml Ihe diwDa;ge .,<:h'. am/where 
all pipi.g is phy.wcally ~hcckcd /m hgDtm>,~.~. 

4 -7 .2 .2 .13"  A | low test using ni t rogen stroll be perti~rtncd 
Oil the pi l f ing i lc lwork Io veri|}' thai | low is c~lil l i i lt iotis, ai id 
thai the p ip ing al ld nozzles are tlll¢l])Stltl(lt'(l. 

4-7.2.3* Review Enclosure Integrity. All total f looding 
svstelllS shall lulve the ellc]Ostlre exalnined alld tested io 
h'watc and thei i  e|t{ct ivelv seal al ly sigi i i t icallt air leaks that 
(<mid result in a |~lilure of  t i ic enclosure t<) hold ti le spcci- 
tied a<~ciit (o lwen l ra l ion  level for ihc specified ho ld ing 
t)eri<>d. The ct l r re l l t ly  pre[<?rred nleihod is i lsing ;i blower 
door fan unit and smoke pencil. I f  quanl i la l ive results are 
recordcd, t|lcse could t>e use|il l t{>l (Olll])al'iSOll al fu lure 
tesl:~. (For guidance, ieli2r {c, Appendix B of this Slalld:/rd.) 

4-7.2.4 Review' Electrical Components .  

4-7.2.4.1 All w i r ing systems shall 1)c pr<lpcrly installed in 
conduit  and in coinpliance with local codes and ti/c svstenl+ 
drawings. A(; and I)C wi r ing shall not bc ccmlbiiled in a 
(Oll l l l lOil <onduil  or ra(ewav tit|less i ) ropei lv  shM<ied alid 
<~l-(llllldcd+ 

4-7.2.4.2 All field circuits shall be f icc of grot ind thuhs 
and shol-I circuils, l iVllere l l least lr i l lg I M d  circui t ry,  ;ill oleo- 
ironic COll/pollelltS (Stlch as SlllOke alld ft:lllle d<'leClOlS or 
special electronic equit)ment ti>r oilier detectors or their 
mount ing bases) shall be removed and .juinlmrs i)ropcrly 
installed to prevent the possibility ()1' damage wi th in these 
devices. (]OlllpOl/Cllt.~ shall [)e rcplaced al ier  illCaSllrillg. 

4-7.2.4.3 Power shall be supplied to the conlrol  uni l  |}on| 
a sci)aratc dcdicatcd ~otii-ce lhal wil l  l iot ])e ~]ltlt down on 
~vMelll operation. 

4-7.2.4.4 : \dequatc and rclial>lc p l in iar~ ;ind 2d-hour  
i l l i l l i l i i l i l i l  Stalldl)v, sources Ot Clll'l'gy shall be tlsed io pro- 
vide ti)r o])cral ion o[  the detection, signaling, conir<d, and 
aCltlaiioii requirel l iCi l ls o l  the svsleill. 

4-7 .2 .4 .5  All atl:,;iliarv [iilictioliS such as a lar l i i -soi i i id i i i~  
or displaying devices, relllOtf<" al l i / t lncialors, a i r -handl ing 
shutdown, I)owcr shutdown, and so on shall bc checked t<>i 
])roper o l )c ia l ion in accordance with sv,stein requirenlents 
and design si)ecilications, I f  possible, all | f i r -handl ing and 
powcr-cutott ' controls shall be of  the type thai, ()liCe inter- 
rupicd,  require inanua] rcsiarl to restore power. 

4-7.2.4.6 Silencing o t  alHrlllS (if desiral)le) shall 11OI :llli'('l 
oi l ier  auxi l iary t i inci ions such as air handl ing or prover 
cuto!t  i f  re<tuilicd in tile <lcsign Sl)ecificalion. 

4-7.2.4.7 The detection devices shall hc checked [or i)roper 
lypc and location :is specified on tile svstcin drawings. 

4-7.2.4.8 l)etcciors shall liO{ be located i leal  obstructions 
or air venti lat ion and cooling equipnlent I l ia\ would i ipprc- 
ciably altecl their  ICS])(illSC characteristics, lIViiel'c applica- 
ble, air chaliges for the protected area shall t)c lakcl l  into 
consideration. Rct{'r to N FPA 72, Nalio.a/ \)re A/at,; Codc, 
and tile nianutact l l rcr 's rccolnnlended guidelines. 

4-7.2.4.9 The delectors shall be installed in a I)rofTessi<mal 
ina i i l lc r  ai id in accordailce with technical dal<i regarding 
i l le i r  installation. 

4-7.2 .4 .10 Mal /ua l  pu l l  s ia l |o i ls  shal l  ])e pr<iperly 
instal led, readi ly accessible, acctiratclv iden l i f i cd ,  ai ld 
prol)er ly i)l+otecit'<l to prevent daiiiagc. 

4-7.2.4.11 All i l lal i t la|  sial|otis tised re) release agelllS siiall 
require two separate and distinct :lcti(illS f in  operation. 
They shall be prol)er l  ) identit ied. Parl icular (are shall bc 
takell w lwre manual release devices t~)r inore Ihal i  Oile svs- 
lc i i l  are i i i  close p ro \ t i n i l y  ,ill(| could t)c COllfilsed or l'he 
wroi lg  syslem aclualed. Manual stations in this il/Stalice 
shall be clearly i<lentifie<l ;is to which Zlille f ir suppression 
~tl'e:t they all~_'('t. 

4-7.2.4.12 For svsteins with a niainlreserve capabil i i ) ,  the 
IllaiII/I'CSCl'VC switch shall be properly installed, r cad ih  
accessible, and clearly |dent|tied. 

4-7.2.4.13 For svstenls using abort switches, the switches 
shall be of Ihc dcadnian lyl)e requir ing COllSlalll I/lalltla[ prcs- 
,st|re, properly installed, rca<lilv, accessible within the h::i/ald 
area, alid clearly identil ied. Switches thai rei i lai i i  in the abort 
position when relcascd siulll liOt t)c used t{)1 this ptlri)ose. 
Manual |)till stations siutll always override abort switches. 

1-7.2.4.14 The control i l i l i t  shall bc I ) ropcr ly installed 
alld readily accessible. 

4-7.2.5 Functional Testing. 

4-7.2.5.1 Prel iminary Functional Tests. The folh>wing 
preliminary fimclional [esls shall be provided: 

ta) If tile system is connected to an alarm receiving 
otticc, the alarm receiving office shall be notilicd that the 
fire svstcm test is m bc conducted and that an cmcrgcncy 
response by the fire department or alarnl station personnel 
is not desired. All concerned pcrsonncl at the end-user's 
tacilitv shall be notified that a tt'st is Io be conducted and 
shall [)c instructed as to the SC<lUcncc of operation. 
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(b) 1)isable each agent storage container release mecha- 
nism s,> that activation of the release circuit will not release 
agent.  Reconnect the release circuit  with a funclional  
device in lieu of each agent storage container release mech- 
anism. For electrically actuate<l release mechanisms, thcse 
<tcvices can include 24-voh lamps, tlash bulhs, m (ircuit 
breakers.  Pneumatically actuated release mechanisms can 
include pressure gauges. Refer I<> the manulacturcr 's  rec- 
o,nme,ldati<ms in all cases. 

(c) Check each detector lot  p roper  response. 
(d) Check that polarity has heen observed on all polar- 

i /cd alarm devices and auxiliary relays. 
(e) Check that  all e n d - o f  l ine res is tors  have been 

installed across the detection and alarm bell ci|cuits where 
required.  

(f) Check all supervised circuits for p r o p e r  trot, ble 
response. 

4-7.2.5.2 System Functional Operational Test. The tbl- 
lowing system thnctional operatio,ml tests shall he perJormed: 

(a) Operate  detection initiating circuit(s). All alarm fimc- 
tions shall occur according t(> the dcsign specification. 

(b) Opera te  the necessary circuit to initiate a second 
alarm circuit if present. Verily that all second alarm func- 
tions occur according to design specifications. 

(c) Operate  manual release. Verit}' that ma,mal release 
timctions OCCtlF according to design specitications. 

(d) If supplied, operate  abort switch circuit. Veri|~ that 
abort |unctions occur according [o design specitications. 
(:<mlhm that xisual and audible supervisory signals are 
received at the control panel. 

(e) Test all aulonmtic valves unless testing the valve will 
release agent or damage the valve (destructivc testing). 

(t) Where  required,  check pnet,  matic equipment  tot  
integrity to ensure p roper  operation.  

4-7.2.5.3 Remote Monitoring Operations. The tollowing 
testing of remote monitor ing operations,  if applicable, shall 
hc perfbrmed:  

(a) Operate  one of each type of inpu! device while on 
standhy power. \refitS- that an alarm signal is received at 
remote panel after device is operated.  Reconnect pr imary 
power supply. 

(b) Operate  each type of alarm condition on each sig,ml 
circuit and verit}' receipt of trot, hie condition al the remote 
station. 

4-7.2.5.4 Control Panel Primary Power Source. The tol- 
lowing testing of the control panel pr imary power source 
shall be performed:  

(a) Verily' that the control panel is conne( ted to a dcdi- 
caled circuit and labeled proper ly .  This panel shall be 
readily accessible, vet restricted to unauthorized personnel.  

(b) Test a pr imary power tailure in accordance with the 
manutacturer 's  specitication wifll the svslem [iflly operated 
on standby power. 

4-7.2.5.5 When all pre<lischarge work is comple ted ,  
lecollnect each agellt storage container so that activation of 
the release circuit will release the agent. System shall be 
re turned to ils tully operat ional  design condition. The  

alarm receiving oilice and all concerned personnel at the 
on<l-user's thcililv shall be notitied that the tirc systcm tesl 
is complete and that the system has been re turned  to lull 
service condition. 

Chapter 5 Referenced  Publ icat ions  

5-1 The following doctnnents or  portions thereof  are ret= 
erenced within this s tandard and shall be considered part 
of the requirements  of  this document,  The  cdition indi- 
cated l o t  each refierence is the current  edition as of lhe 
date of the NFPA issuance of this document.  

5-1.1 NFPA Publications. National Firc Protection Asso- 
ciation, 1 Batterymarch Park, P.(). Box 9101, Quincy, MA 
02269-9101. 

NFI'A 70, National Electrical Code, 1993 edition. 

NFI'A 72, National Fire Alarm Code, 1993 edition. 

5-1.2 Other Publications. 

5-1.2.1 ANSI Publications. American National Standards 
Institute, Inc., 1430 Broadway, New York, NY 10018. 

ANSI B 1.20.1-1983, Standard ./br Pipe Thread.s, (,cm'ml 
l'u~pow. 

ANSI (22-1993, National Electrical Sa/ety Code. 

5-1.2.2 ASME Publication. American Society of Mechan- 
ical Engineers, 345 East 471h Street, New York, NY 10017. 

ASME Boih'r and l'rc.vsure I'e.sw/Code, 1986. 

ASME B31.1 - 1992, Power Piping Code. 

5-1.2.3 ASTM Publications. American Society t in Test- 
ing and Materials,  1916 Race Street,  Phi ladelphia,  PA 
1!)103. 

ASTM A120-84, Spec!fication~ /or II'eMed and Seamh,.~s Sh'cl 
Pipe. 

5-1.2.4 CGA Publications. Compressed Gas :\ssociation, 
1235 Jefferson I)avis l lighway, Arlington, VA 22202. 

C(;A (;-6-1984, Slandard /or 1 "iwml ln.~pection <*/ Com[ncvwd 
(;a~ Cdinder~ (Steel). 

5-1.2.5 UL Publication. Underwri ters  l .aboratorics Inc., 
333 l ' t ingstcn Road, Northbrook,  11. 60062. 

U L 1058, Standard.fin SaJ~, O, Hahw'nale<l Agent Exlingmsh- 
ing System {:nil~, 1989 edition. 

5-1.2.6 ULC Publications. Underwriters Lahoratories of 
Canada, 7 Crousc Road, Scarborough,  ()ntario,  (:ana<ta 
M 1 R 3A9. 

ULC $524-M86, Slandar<l /br the ln.~lallalion ~{/ Fire Alarm 
,"i~;,slem,s. 

[ 'LC $529-M87, Smoke D¢'h, chn:~ /br Fire Alarm S~'sh,m~. 

5-1.2.7 U.S. Government Publication. Supermtendcn! of 
l)ocuments, 1J.S. ( ',overnment Printing Ottice, Washmglon, 
1)(: 20401. 

(;ode <!/Federal Rcgulations, Title 49 Transpor ta t ion,  Paris 
170-19(1. 
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APPENDIX A 2 0 0 1 - 2 5  

A p p e n d i x  A E x p l a n a t o r y  M a t e r i a l  

Thi.s Appt"mhx ~s *ml a part o~ [he n'qum'mem.~ o~/hr~ NFPA document, 
hut ~s m*huled /,n itl/ornlallotla[ pttr/),~,~e,~ O;IIL 

A - l - 3 . 1  N o r m a l l y  O c c u p i e d  A r e a s .  Spaces occasionally 
visited b~, pe rsonne l ,  such as t rans former  bays, switch- 
houses, pure  I) rooms,  vauhs,  eng ine  test stands, cable mLvs, 
tunnels,  microwave relay stations, f lammable  liquid s torage 
areas, enclosed energy  systems, etc., are  examples  of  areas 
cons idered  not normal ly  occupied.  

A - l - 4 . 1  P h y s i c a l  P r o p e r t i e s .  T h e  c l ean  h a l o c a r h o n  
agents  cu r ren th '  listed possess the physical proper t ies  as 
detai led in "l'ab[es A- 1-,t. 1 (a) and A- 1-4.1 (h). This  data will 
be revised t l om time to t ime as new in to rmat ion  hecomes  
available. Addi t ional  t )a(kground i n l i , m a t i o n  and data on 
these agents  can be fi)und in several ret;mences: Fernan- 
dez, R. (1991); t l anauska ,  C. (1991); Robin, M.I,. (1991); 
Sheinson,  R.S. (1991). 

A-1-4.1.2 T h e  des ignat ions  tot  perf luorocar t )ons  (FCs), 
h v d r o b r o m o f h t o r o c a r b o n s  (HBFCs) ,  h v d r o c h l o r o f l u o r o -  
carbons ( t tCFCs),  and hvdrol luorocarb~ms (t tFCs) tbllow 
des igna t ions  in a s t a n d m d  p r e p a r e d  I)v the Amer ican  
Nat ional  S tandards  Ins t i tu te  (ANSI) :tn{I the Amer ic ;m 
Society o f  f lea t ing ,  Ref l ige ra t ing  and  Ai r - ( :ond i t ion ing  
I:mgineers (ASHRAE): ANSI /ASI lRAE Standard  34-1989, 
Number De~igtmtm, and Sa/e(~' Classt/uatio, o/ ReJ}igera,ls. 
H(:FC Blend A is a designat ion tor a blend of  HCFCs and 

a hydroca rbon .  T h e  des ignat ion  IG-5. t l  is used in this 
s tandard  tor a blend of  three  inert gases: n i t rogen,  a rgon ,  
and carl)on d ioxide  (52 percent ,  40 percent ,  and 8 percent, 
respectively). 

A-1-4.2.4 T h e  provision of  an enclosure  may ( rea te  an 
unnecessary  explosion hazard where  o therwise  only a tire 
hazard exists. A hazard analysis shouhl  be conduc ted  to 
de t e rmine  the relative meri ts  of  dittiering design concepts  
(i.e., with and without  enclosures)  and the most relevant  
means  of  tire protect ion.  

A-1-4.2.8 This  provides  considera t ion  tot  using a clean 
agent  in an env i ronmen t  that may result  in an inord ina te  
a m o u n t  of  products  of  decompos i t ion  (i.e., wiIhin an oven). 

A-I-5.1.1 Haza rds  to Pe r sonne l .  T h e  discharge of  clean 
agent  svslel/1S I(1 ext inguish ,t fire may create  a hazard to 
personne l  t i om the natural  ti)rm of  the clean agent  or  t iom 
the products  of  decompos i t ion  that resuh t i o m  exposure  of  
the agent  to the fire m hot surfaces. Unnecessary  exposure  
of  personne l  to e i ther  the natural  agent  or  to the decom-  
posit ion producls  should be avoided.  

Tahle  A-I-5.1.1 provides  in format ion  on toxicological 
and physiological ell'cots covered  by this s tandard.  T h e  No 
Obse rved  Adverse  Effect Level (NOAEL) is the highest  
concent ra t ion  at which no adverse  physiological or  toxico- 
logical effect has been observed.  T h e  Lowest Obse rved  
Adverse  Effect Level (L()AEL) is the lowest concent ra t ion  
at which an adverse  l)hysiological or  toxicological elt;ect has 

Table  A-l-4.1(a)  Physical  Propert ies  of  Clean Halocarbon Agents  (English Units)  

HCFC 
Units  FC-3-1-10 HBFC-22B1 Blend A HCFC-124 HFC-125 HFC-227ea  HFC-23 IG-541 

Molecular Weight N/A 238.03 

Boil ing Point 
(u 760 mrn tlg °F 2~.4 

Freezing I'oinl °F - 198.8 

Critical Tcnq~craturc °F 235.8 

Critical t'ressurc psia 337 

Critical \ 'olumc I(+/Ibm 0.0250 

Critical Density Ibm/t( + 39.?,0 

Spccitic heat, liquid 
(u 77°F B fU/Ib-°F 0.25 

Specific heat, wlpor 
(11 ¢,onM;:ll/t t)I'CSSUI'C 
(1 ram.) & 77°F BTU/Ib-°F 0.192 

Ileal of Vaporization 
at Boiling Point BTt'/Ib 41..t 

Thermal Conductivity 
of Liquid (a 77°F BTU/h ti°F 0.0310 

Viscosity, liquid (a 77°F lh/ti hr 0.783 

Relative dielectric strength 
(a 1 arm. (a 734 mm Hg 
77°F (N~ = 1.0) N/A 5.25 

0.001% 
Solubility of water in agent bv 

(a 70°1: N/A ~ cigll! 

\ 'apor Pressure (a 77°F psi 42.0 

130.92 92.90 136.5 120.02 170.03 7().()1 3-t,0 

4.1 -37.0  12.2 -55.3 2.6 115.7 320 

-229  < - 161.0 - 326.0  - 153 -204  247.4 109 

2b 1.8 256.0  252.0  150.H 215.0  78,6 N/A 

7-t-I 96.t 52-t.5 521 422 701 N/A 

0.0207 0.0280 0.0283 0.0281 0.0258 0.0305 N/A 

48.31 36.00 35.28 35.68 38.76 32.78 N/,,\ 

(I.19-t4 0.30 0.270 0,301 0.2831 0.370 N/:\ 

0.1088 0.16 0.177 0,191 0.1932 0.176 0.195 

73.9 97 83.2 7(I.8 57.0 103.0 9.t.7 

0.048 0.052 0.0417 0.0376 0.040 0.0,t50 N/A 

0.677 0.508 0.723 0.351 0.547 0.201 N~,,\ 

0.955 
1.35 1.32 1.55 ((I 70°F 2.00 1.04 1.03 

0.05q 0.12q 0.07q 0.07c~ 500 ppm 
by bv by weight by weight 0.06(5{ (a 50°F 

weight weight (g 77F Or 77F bv wcight (10°C) 0.01Y/t 

62.6 1.37 56 199 66.4 686.0 2207 
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Table A-I-4.1(b) Physical  Propert ies  o f  Clean Halocarbon  Agents  (SI Units)  

HCFC 
Units  FC-3-1-10 HBFC-22B1 Blend  A HCFC-124 HFC-125 HFC-227ea HFC-23 IG-541 

\I+,lct ulai \ V c i / h t  N . \  238.<)3 13<L92 92.9<) 13ti.`3 120.O2 17<1.0:~ 70. i l l  3-I.<1 

{it 7 6 0  Iiii11 t l g  ( _.() 171.`3 3,"4.3 I 1.0 . t 8 . 5  16 .4  - 8 2 . 1  - 1 9 6  

• _8._ << l+rcc/ iug I 'o int  :( 1 ' ) '  <) I t3 107.2 19,%9 102.8 131 1.35.2 78.3 

<' <~ 1<'<> o 2`3.9 ( ;rit it ,i] 1 C l l l p t ' l ' ; i t  t i t  t > "( : 11,,.-  13S.8 124 .-i . . . .  66.i) ] i l l  .7 N . \  

<), ,i, 48:/I-; N i , \  (] l  It il <li Pi ('ksII I C k Pa - 3 - 3  `31 .>-" <l 66 t 7 36 I-t 3595 _.<lit 12 

( :i it it ;ll V<+Iu l i l t '  ( ( /h i \ l i t '  371 I l i9 162 2-t 1.6 210 274 133 N/,,\ 

( ; l i l i l  all l)cn~il~, kg,  l i t :  {12{- I 77`3 5 7 7  56,"1 `371 6 2 1  527) N / A  

5,1let i lk  heat, l iquid 
<<l 2 > ' ( :  kl/k~-Ot : 1.0 . t7  0 . S I 3  1 . 2 5 6  1 .13  1 . 2 6 0  1.1<"44 1.5.19 N / , \  

Ntlt+<llil h t ' d t ,  \ < i l ) t ' l  

& l  ( l l l l ~ , l ; l l i l  p l ' / ' k k t l l ' t '  

<l ; l i ln . )  & 25 'X]  k.l:kg"(:  0,<q(I4 o. t5`3 I) 6 7  l).7,I1 <L<S()<i 0 . 8 0 8  0 . 7 3 7  l},-17.t 

I]t'<it I l l  V< ipor i /a i ion  at 
_ _ n . t l  B<fihng lhl int (~t 25°(; k]kg 96.3 172,1i ><J" " 194 164.7 132.6 2:19.6 221) 

]hc r i n ; t i  ( ; l l l l ( ] l l (  l i \ ' i l v  <,t  
l . iqu id  <tl 2`3(:  \%' i l l°(; <).<)71'.~7 <).<iS3 <).09<ill 0.<)722 0.0651 I).069 0.0779 N J t 

VKc,>~it~, l iquid 
()._,l,) /~t 25~(; t cn t ipo i~c  0.321 <).2,SO <).21 <it ~ 0.1.t`3 0,226 0.083 N,'+\ 

Rc]<ili~c d ic lc t  tr ic sl i t 'n,~lh 
it! I ,ll+lll, (!1 7{{ t II1111 I t g .  0 . 9 5 5  
2`3=({ tX , =  1.<l) N . \  - '~5 "<~ ,~._, 1 3 5  l.,/_ 1.`33 ~!l 21L(;F 2.(}0 l.(14 ].03 

0 07:}  0.<17<; .3(10 p p n l  
,~olubilit~ ll]'tX~l<t'l- in {l<~t'ltt {).0()1<< ().(15<7 <),12<,/ hv wcight lly wciRht <)+0(i<7 (a 50°F 

(<! 21°(" N , \  ]>~ wc igh l  1ix ~t.i<~ht hx ~ci+~hl r<! 2.3°C 0! 25°C I)~ ~e igh t  ( l i F t : )  0.01:3+7 

V;ipl)l" Prt 'sstlrt '  
(!! 25 'X  kl 'a 2~9.6 t31.3 94,S 3~6 1:$71 .t`37.7 1t~,1) l -~2()0 

been  o t l se r ved ,  f : < l i - h l e r t  ,~as <l~-eiliS, a d v e r s e  physil/ht<~ical 
ell;~+cls d u e  to  hixv ()?--LV~ell ( < l n c e n t r a t i o n  a lC the f i rs t  to  be 
i l l ) se rved .  Rcs l r iC l iOns i) l l  t h e  l i s t  + o t c e r l ; l i n  a~el l lS C l t vc red  in 
i f i i~ s t a n d a r d  t b r  use in n o r i n a ] l )  o t - c u p i c d  aFt, as ;ii-c ] lasct l  t i l l  
:i C l l m p a r i s o n  ot  t h e  aC i l l a l  a~C l l t  c l m c e l i t r a l i o n  I l l  t h e  
N(),\EL. l+Vhere l h e  ~i t tu, l l  t o n c c i i t r a t i o n  will he higher l h a n  
t h e  \ ( ) , - \ E L  o r  w h e r e  t h e  ne 'eded d a t a  a l e  t i uava i la t ) le ,  t he  
; l~el i lS a r c  r e s t r i ( I c d  I l l  use o u l v  in areas l I l a t  ; i f t -  i i o t  l i t l l -  
t l la i ]V o c c u p i e d .  T o  k e e p  liX,%<~l~il ( o n t e l l t l a l i O i l ~ ,  a b o v e  f 6  

per (  en t ,  l ] le  p o i n t  at  w h i c h  onse t  o [  i m p a i r e d  l)er~<>nnel f unc -  
l iO l i  o ( C i l l + ,  l iO ] i a l l ) ~ e i l a t e d  f i r e  e : < t i n ~ u i s h i n g  a ~ e l l t +  
a d d r t ' s s e d  iu th is  s t a n d a r d  sh<iu id be used  hi  a n l l r i n a l f v  
i~¢Ctl l i ied a l t ' a  o | c o n c e n t r a t i o n  ,~l-C+ltel l ] l a n  94 l i e r c e n t .  

1 he h e a h h  C l l l / ( e l l l  |~ll + i n e r t  gas c lean  a~e l l tS  i:4 a~ph) '× -  

l ; l i i on  t i l l ( '  t l ) t t + e  ] l ) w e r e d  i lx) '~-en lmcls. 
( ) \ h e r  I ) l i t e n t i a l  h a / a r d s  i t ) b e  c o n s i d e r t ' d  t i i r  i n d i v i d u a l  

s'>t4lelll+ a r e  l h e  t b l l t m  rag-: 

Ca) N,.~e. l)ischal-ge <)t +1 SVSIel/I ( a l l  (+;.ItlSt" no i~c  l o u d  
e n o u g h  It) f i t  + ~tnrtlin<g- t ) i l i  or(iinariiv i n s t l f ] ] t ' i e l i l  to  (a r i se  
l i - a i i n i a l i c  injury. 

(t7) 7"¢¢rhPUe#we. t l igh vehicitv discharge f l 'O l l l  noi/]es 
l i laV bc  ~u t l i c i en t  to  dishldge s u t ) s t a n i i a l  ob j ec t s  d i r e c t l y  in  
the t)att+. S v s l c n i  d i s t h a r ~ e  l l l i lV  c{t t lse e n o u g h  ,~enci-al  t i i r -  
b u f c n c e  i n ' t h e  e n c l o s u r e s  t l l  i t t o \ ' e  u n s e c u r e d  p a p e r  a n d  
l ight t>b.iects. 

Table A-I-5.1.1 Toxic i ty  In format ion  

No  Observable  Lowest  
Adverse  Observable  

Effect Level Adverse  Effect 
Agent  LCs0 or  ALC (NOAEL) Level (LOAEL) 

P( ;+3- I + I l l  > 8(}+,; -tiE+ > 'I0C'7 
t | B ] : ( 1 - 2 2  B 1 10.N<7 2<~+ :+.9 < 
14(;F(: I+h'ntl , \  6,t<'+ 1().0+~7 > l il.O+i 
l | (  ;1"( ;- 1 2 4  23 + ~ - 2¢.) < ~ 1 .(t < ~ 2.`3<"< 
11F( :- 125 > 7(K'4 7.5<.4 I ll.lY'~ 
14 I:( ;-227ea > <SI)< i 9.(l ' ~ 11i.5 < i 
H F( ]-23 > 6`3c{ 50<;{ > 5W 
I(;-3-I I N,'.\ -13<; * 5 2  <̀'+< * 

H a h m  1301 > ,S0<{ 5<,+ 7.5<:~ 

* B,pwd . n  phv'+t<~h+,+.4i(al cllett+~ in hum<in<, m h,,poxi< alm,>,q)hcrc++, l'hc++c 
' ,a luc +, a r c  the fun+ ti<mal cquivalcnt~, ol N() . \EI .  a n d  I . () . \EI .  \,duct+. a n d  
t i l l  It'~,]JOlld t<) 12 pt'r(t' i i l I l i i l i i l l lunl (~x+'~('ll ;il the N()AFI,  and 11) |)Cl-(Clil 
l l l l l l l l l lt l l l l <lx~,~t'll at tilt" l . ( ) A k l . .  
N()'I ['~ 1: l,(:~l I i~ tilt' (l l l ltt ' l l l i~ll ion Icihal to .5<lrl <it <l r.il populalion durh/g 
,i -t-hour cxpo~urc. Ti ic +\l,(] i, tilt' , lpprO\ll l l ; i l t > lt'lh;ll tol l \  t, nir,il i l ln. 
N ( ) I I  + 2, lhc t;trdl;it ~t'llSltl/;illOn Icvcl~ arc h,iscd .n  tilt' ot)~l'r~,iiitt' lit 
ilOil-i)bscl xailt t' of  ~ciloti~ hcari air~lllmi;i~ in ,i do14. l l l c  tlfti;il ] l rom~ol  i~ 
,i .~ liiliiult, e,q)+Jsui-c tollowed b~ a ('h.tllcn~c ~1111 t'pinl'l)hrult'. 
N()TK 3: l t igh tontcnlr , l l i lm ~alilCk ,uc dt'lt 'rnii i lt 'd ~ii l l  ttic ,lddilion ~>t 
( IXV~' t ' l l  to i)rt'venl ,l~]/h,,xiatl<m 
N( ) I  I+:-t: \'ahic~ [<it t lahm 1301 Art + in(hldcd in Ihl~ t<lblc h+i ~,lkc' ot 
t Ollll)Arl~llll. 
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(c) CoM Tcmp+'rature. l)ireet ctmtact with the vaporizing 
liquid heing discharged t iom a system will have a strong 
<hilling eltcct on ohjects and can cause tiosthite Imrns to 
the skin. l 'hc liquid phase vaporizes rapidly when mixed 
with air and thus limits the hazard Io the immediate vicin- 
it',, ot + the discharge point. In humid atmospheres,  minor  
reduction in visibility may occur fi," a hricf t)eriod due to 
the condensatitm <>f water vapor. 

Decomposi t ion  Products  of Clean Agents. Although 
most of tile clean agents have a low level t>f toxicity, the 
decomposi t ion  prt)ducts genera ted  hv the clean agent  
I>reaking dmvu in the presence ot very high amonnts of 
heat may he hazardous. Most of the agents c<mtain quanti- 
ties of  fluorine. In the presence of available hydrogen 
(tiom wil.ter vapor, Or the comhustion process itsel|) the 
main decomposit ion product  is hydrogen fluoride (HF). 

These decomposit ion products have a sharp, acrid odor,  
even in minute concentrations of only a tew l)arts per  mil- 
lion. This characteristic Ira)rides a huih-in warning system 
fi)r the agent, I)ut at the same lime creates a noxious, irri- 
tating a tmosphere  for those who l+lltlSl enter  the hazard 
[ollowing a tire. 

The amounl  of agent that can be cxpcctctl to decompose 
in extinguishing a tire depends  to a large extent  <m the size 
of the fire, the part icular  clean agent, the concentration of 
the agent, and the length (,1 + time tile agent is in contact 
with the Ilame or heated surt.lce. If there is a very rapid 
I>uildu I) <)t concentration to the critical value, then the tire 
will I)e extinguished quickly and the decomf)osing will be 
limilcd t() the mininmm p<)ssihle with that agent. Should 
that ;Igel|l+s specific comp<)sition t)e such thai it could gen- 
erate huge quantities of decomposili<m pro<hlcts, and the 
time t() achicvc the critical value is lengthy, then the quan- 
tit,,', ()f dec()mposition l)roducts may he qttite great. The 
actual concentration of the (lecolnp(~sili<)n products nltlSt 
lhell det)end <m the volume of the roonl in which the tire 
was hurning and on the degree of mixing and ventihttion. 

(;learly, longer exposure  of the agent to high tempera-  
lures would produce  greater  concentrations of  these gases. 
l ' h c  type and sensitivity of detection, coupled with the rate 
of <lischargc, should be selected to minimize the exposure  
time of the agent to the elevated tempera ture  if the c<m- 
ccntration of the breakdown pr<)ducts must he minimized. 
In most cases the area woul(l hc unlenal)le for human 
occupancy due to the heat and hreakdown l)r()duets of the 
lire itself. 

1(;-541 uses carl)on dioxide to promote  hreathing char- 
acwristics intended to sustain liti: in the oxygen deficient 
cnviromnent  ti)r pr(>tection (>f pers<mnel. (;are should be 
used not to design inert gas-type systems for normally 
oCCUlfied areas using design concentrations higher  than 
that specitied in the system manut~lcturcr's listed design 
manual tot the hazard being protected. 

Inert gas clean agents do not decompose measurably in 
extinguishing a |ire. As snch, toxic ()r corrosive (leeompo- 
sition products are not tound. However, heal and break- 
down products of the tire itself can still hc suhstantial and 
could make the area untenable fi)r human occupancy. 

A - 1 - 5 . 1 . 2  Safety Requ i r emen t s .  The  steps and safe- 
guards necessary to prevent injury or death to personnel  
in areas whose atmospheres will he made hazard<ms by the 
discharge or thermal decomposition (>t clean agents m a v  
include the fi)lh>wing: 

(at Provision of adequate aisleways and routes of exit 
and keepiug them clear at all times. 

(b) l)rovisi<m of  emergency  l ighting and direct ional  
signs as necessary to ensure quick, sale evacuati(m. 

(c) Provision of alarms within such areas that will oper-  
ate immediately upon detecti<m of the tire. 

(d) Provision of  only ou tward-swinging ,  sel l :c losing 
do()rs at exits [rom hilzardotls areas  all(l, w h e r e  such doors 
are latched, provision of panic hardware.  

(e) l 'rovision of continuous alarms at entrances to sm h 
areas until the a tmosphere  has heen restored to normal. 

(t) Provis ion of w a r n i n g  and  in s t ruc t ion  s igns at 
entrances to and inside such areas. These signs should 
intorm persons in or enter ing the protected area that a 
clean agent system is installed, and may contain additional 
instructions pert inent  to the conditions of the hazard. 

(g) Provision fin" the prompt  discovery and rescue of 
pcrsOllS r e l l d e l e d  tlllCOnscious ill Sllch a reas .  "l'his inav he  
accomplished hv having such areas searched immedialelv 
hy t ra ined personnel  equ ipped  with p r o p e r  hveathing 
equipment.  Se l f  contained breathing e<luipment and per- 
sonnel trained in its use and in rescue practices, i , lclnding 
artiticial respiration, should be readily availahle. 

(h) Provision of instruction and drills tor all pers<mnel 
within or in tile vicinity of such areas, including mainte- 
nance or construction people who may he brought into the 
area, to ensure their correct action when a clean a g e n t  svs- 
telll o p e r a t e s .  

(i) Provision of means R)r prompt  ventilation of such 
areas. Forced ventilation will often he necessary. Care 
should be taken to readi ly dissipate hazardous  atmo- 
spheres al ld  not merely move them to another  h)cation. 

(j) Prohihitio,i  against smoking by persons until the 
a tmosphere  has heen determi,md to be ti'ee of the clean 
agent. 

(k) Provision of st, oh other steps and safi_:guards that a 
carethl study of each particular situation indicates is neces- 
sary to prevent injury or death. 

A- l -6  Many tactors impact the environmental acceptahility 
i)f a lire suppression agent. Uncontrolled tires may p()se sig- 
nificant impact by themselves. All ext inguishing agents 
should he used in ways that eliminate or minimize the poten- 
tial environmental ilnpact. General guidelines thai may he 
fi)lh)wed to minimize this impact include the [i)llowing: 

(at 1)o not per torm unnecessary discharge testing; 
(h) Consider the ozone depletion and gh)l)al warming 

impact of the agent nnder  consideration and weigh these 
impacts against the tire satety concerns; 

(c) Recycle all agents where possible; and 
((l) Consuh the most recent environmcntal  regulations 

011 each  a g e n t .  
The unnecessary emission of clean extinguishing agents 

with either the potential of ozone depletion, the potential 
of glohal warming, or the potential of hoth, should be 
avoided. All phases of  design, installation, testing, and 
maintenance of  systems using these agents should be per- 
tormed with the goal of no emission to the environment.  

A-l-8.1 It is generally believed that, because of the highly 
stable nature of the compounds  that are derived t iom the 
families including halogenated hydrocarbons  and inert  
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gases, incompatibility will not be a problem. Thesc materi- 
als tend to behave in a similar tashion and, as tar as is 
known, the reactions that might occur as the resuh of mix- 
ing of these materials within the container is not thought to 
he arca l  consideration with regard to their application to a 
fire protection hazard. 

It is clearfy not the intent of this set'lion tO deal with com- 
patibility of the agents with componcnts of the extinguishitlg 
hardware. This particttlar consideration is addrcsscd else- 
where in this document, ft is also clearly not the intent of this 
sectiou to deal with the subject of storai)ility or storage li|;e of 
individual agents or mixtures of those agents. This also is 
addressed in another section of this standard. 

A-2-1.1.2 An extra fidl complement of charged cylinders 
(cotmected reserve) manifi)lded and piped t<) fi:ed ]nt<) the 
automatic system should he c<msi<leved on all installations. 
The reserve supply is nornudh'  actuated bv manual opera- 
tion of the main/reserve switcil on either electrically oper- 
ated or pneumatical ly operated systems. A connected 
t+eserve is desirabfe tot the fi>llowing reasons: 

(a) Provides protect|tin should a retlash occur. 
(h) Provkfes reliability should the main hank malthnction. 

(c) Provi<les protection du r ing  impaired pr<)tection 
when main tanks are being replaced. 

(d) Provides protection of other  hazards if selector 
valves are involved and multil)le hazards are protected hv 
the slune set of cylinders. 

If a full complemcnt of charged cylinders cannot bc 
obtaine<t, or the empty cylinder recharged, delivered, and 
t+einstalfed within 24 hours, a third cotnplement of fitllv 
charged notwonnected spare cylinders should be considered 
and made available on the premises for emergency use. The 
need lor spare cylinders may depend on whether or not the 
hazard is under  the protection of atttomatic sprinklers. 

A-2-1.2 The nornml and accepted procedures tor making 
these quality measttrements will be provided by the chemical 
mannfacturers in a fllture submittal. As each clean agent var- 
ies it+ its quality characteristics, a more comprchensive tabk" 
than the one currently in the standard will be devehq~ed. It 
will be submitted throug|t  the put)lie proposal process. 
Recovered or recycled agents are currently not available, and 
thus quality standards do not exist at this time. As data 
becomes availahle, this criteria will be developed. 

A-2-1.3.2 Storage containers shouhl not be exposed to a 
tire in a manner  likely to impair system perfornmncc. 

A-2-1.4.1 Containers used tor agent storage should be fit 
ti>r the purpose. Materials of construttion of the container, 
closures, gaskets, and other components shoukf he co,npati- 
ble with the agent and designed tbr the anticipated pressures. 
Each container is equipped with a pressure relief device to 
protect against excessive pt+essure conditions. 

The variati,ms in vapor pressure with temperature, |or 
the various clean agents, are shown in Figures A-2-1.4. l(a) 
through A-2- f .4.1 (g). 

With the exception of I(;-5-11, all of the other clean 
agents arc classificd as liquetk'd compressed gases at 7t)°F 
(21°(:). For these agents, tile i)ressure in the container is 
signithantly atlbcted hv fill density and temperature .  At 
elevated temperatures the rate of+increase in pressure is 
very sensitive t<> lill density. If + the maximum fill density is 
exccede<t, the pressure will increase rapidly with tempera- 
t tuc increase so as to present a hazard to pcrs<mncl and 
property. 'f 'hevefi,e, it is very important that the maxi- 
mum fill density limit specilicd fin each liquefied clezm 
agent not be exceeded. Adhcvcmc to the limits for fill den- 
sity and pressurization levels specified in Table 2-1..t.f 
should prcvent cxcessivelv high pressurcs fion+ occurring 
if the agent container is exposed to elevated temperatures, 
and ++'ill mininfizc the possihility of an inadvertent dis- 
charge of agent through the prcssure relief device. 

A-2-1.4.2 Although it is not a requirement of this particular 
paragraph, all new and existing agent storage c<mtaincrs 
sh<>uld hc allixed with a label advising the user that the pt'od- 
uct in question may he returncd [iw recovery and recycling to 
a qualilied vecvcler when the agent is no hmger necded. The 
qua|fried recvcler may hc an agent nYanulactttrer, a Ihe 
equipment n~anuthcturer, a fire equipment distriht, tm or 
instalfer, or an indcpendent commercial vcnture. It is not the 
intent to set down specific requirements hut to indicate the 
t:actors that need to he taken into consideration with regard 
to recycling and reclamation of the agent products, once t:acil- 
|ties are available. As more intormation becomcs availablc, 
more delinitive requirements can be set fbrth in this sect|tin 
regarding quality, elticiency, recovery, and qualilications and 
certifications of recycling agents. At this point, no such tacilitics 
exist that would apply to the agents covered hv this docuutcnt. 

A-2-1.4.5 Inert gas hlcnds may utilize multiple storage 
container sizes c<mnected to a <ontmon tna,fifidd. Inert gas 
blends ate single-phase gases in storage and at all times 
dur ing discharge. 

A-2-2.1 Piping. F'iping should he installed in accordance 
with good commercial practice. Care should he taken to 
avoid p<)ssible restrictions due to [i)reign matter, fauhv tab- 
rication, or impr<)pcr installation. 

The piping system should bc sectlrcly supported with 
due allowance It)l" agent thrust ti~rces and thermal cxpan- 
sion and contract ion and sh<mld not be suhjected to 
mechanical, chemical, vibration, or other damage. ANSI 
B31.1 should hc consuhed tor guidance on this matter. 
Where explosions are fikelv, the piping should be attached 
to supf>ot+ts that are least f~kely to be disphtced. 

Although cfean agent systems are not subjected to con- 
tinuous t)ressurization, some pr<)visions should be made to 
ensure that the tyl)e <)t+ piping installed cat+ withstand the 
maximum stress at II+axiI++tllll storage tetnpelattnes.  Maxi- 
mum allowable stress levels fot + this condition sht)uld he 
established at values of 67 percent of the minitnutn yield 
strength or 25 percent of the minimutn tensile strength+ 
whichever is less. All joint  factors should he applied after 
this value is determined. 
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Figure A-2-1.4.1(a) Isometric diagram FC-3-I-10 [for 360 psig (2.5 mPa) 
containers]. 
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Figure A-2-l.4.1(b) Isometric diagram of HBFC-22BI [pressurized with 
nitrogen to 360 psig (2.5 mPa) at 70°F (21°C)]. 
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Figure A-2-1.4.1(c) Isometric diagram of HCFC Blend A, imperial. 
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Figure A-2-1.4.1(d) Isometric diagram of HCFC Blend A, metric. 
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Figure A-2-1.4.1(e) Isometric diagram of HFC-227ea [pressurized with 
nitrogen to 360 psig (2.5 mPa) at 70"F (21~'C)]. 

M i n i n u i l n  l ' i l ) ing  Rc(tu i rcnlc l i tS 

The  to l lowin~ t; lhlc provides data (i l l  the ln { ix i ln l l l l l  al low- 
ali lc i)rcs~ui'e t~ll" which lhc |float c l ln i l i lOl i  iypt's lit' siccl pipe 
Gill IX' used. Thc  pressures have 1icon Gilcul, i lcd ilSiii~ lhc hir- 
inula l ind SI ~] v,ihlcs ~;hown in A-2-2. I. I(=tl ;in([ A-2-7. l. 1(7). 

l l i c  lablc providc~ ])it-s~ii it, ra l i l ig~ I( l i  p i lx ,  sizes i!<_> hi. 
t h rough  g in. HI>S, in I)oih Sc l i cduh ' - t i t  n l id  Schedule <ql) 
wall i l i ickness. 

l l ; l lOC~ilhoii  ; i~ci i l  s)slCili~: Por h;i ioc~ir|)oli ~l~Clll svs- 
IClUS, choose ihc  p roper  t) i ]) ing - where lhc  t)icS~ilrt ' raling- 
is equal io or  gTC;ilt'r lh: / l i  lhc  ])r('ssurt" in Ihc t im |a i r i e r  at 
13()°1: Ci.5°(:). 

] l i c r l  ,~,is ; i~ci i t  s \s l i ' l l i :  For I f iph ig  i ips t rcanl  i l l  iht" 
t)rcss/Irt" r cduccr ,  choos~, ihc  i ) lOi ) t ' l  j i l l ) I t |g where  lhc  
l)rcssur/" r ; l ih i~  is equal to or  <~l(~ilcr lh~in lht" I)rcssurc in 
ihc  c i i n la inc r  al I:/()°F ({3]°C). 

For t ) ip ing - d( iwI iSt lC{l l l l  o f  ihc  ])rt~Stllt" r t 'd l l (c r ,  ci ioo~c 
the i ) io ] )c r  ]) i ] ) ing ~vllerc the t)rcs~urc rlilin<~ is c l lual  to (ir 
~r( ' ; i lc r  I l l , i l l  l hc  ant ic i i )a tcd pressure in lht" pipin<~ at 
130°P (5:5°(:). 

A-2-2.1.1 The  tb l l l lw ing prcscnis calculal ions Io tnov idc  
n t in inuun  pipe schedules (wall thickness) f i l r  use whh t lcan 
;l~Cill [hc cxiin<~uishing s),StClllS in ;l(tord~tli(t" with ihis Sl~lll- 
dard. Paragraph 2-2.1.1 rcquirt 's ihnt "the pi i ) ing wail shall 1)c 
cnlt'lll~llt'd in ac l l i rd ; l l l (c  wi l l |  ANSI B31.1, l'~Jzeer Ifipin,4. C<Jde." 
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Figure A-2-1.4A(f) Isometric diagram of HFC-23. 
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Figure A-2-1.4.1(g) Isometric diagram of IG-541 Ipressurized to 2175 
psig (15 mPa) at 70°F (2I°C)I. 
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Piping  with Threaded  Connect ions  
Max imum Allowable  Pressure  (psig) 

Schedule  40 Steel Pipe 

A-53B A-53A 
Grade: A- 106C A-106B A-53B A-106A A-53A A-53F 
Type:  Seamless  Seamless  ERW Seamless  ERW Furnace 

NPS SE: 21000  18000 15360 14400 12240 8160 

l:,, 2593 99,m 1896 1778 1511 1008 
3/j 2 2 3 4  1915 1634 1532 1302 868 

1 2026 1736 1482 1390 1181 787 
I ]/t 1782 1528 130,t 1 '2'2'2 1038 692 
I 1:/,2 1667 1429 1220 1144 9 7 2  648 
'2 1494 1280 I {)93 1025 871 581 
2 ~/,- 1505 1290 I 100 1032 877 584 
3 1392 I 1 $)3 I018 954 811 5.t l 
• t 127S 1096 935 876 745 497 
5 I 193 1022 872 818 693 463 
{i I 141 978 83-t 782 664 443 
8 1081 926 790 7,10 630 420 

Schedule  80 Steel Pipe  

A-53B A-53A 
Grade: A- 106C A-106B A-53B A-106A A-53A A-53F 

NPS Type:  Seamless  Seamless  ERW Seamless  ERW Furnace 

[,"2 .t.t93 3851 3286  3080  2618 1746 
~/~ 387,t 3320 2833 2657 '2'258 1505 

1 34<.)5 '2. ~ 96 2556 2397 2037 1358 
1 t/t 3073 2634 '2'248 211}7 1792 1194 
IV,, 2883 2472 2110 1978 1(581 1121 
,} 9 :~ }~ 2250 . _{ _, 1920 1800 15?;0 1020 

'2 V'_, 2571 . .04  1882 1764 1499 1000 
3 2400 2057 1756 16.t5 139{.) 932 
,t '2'21 '2 1896 1618 1517 1289 859 
5 2076 1780 1518 1423 1210 806 
6 211)5 1804 15.t0 1442 1226 817 
8 1 {,148 16(L {1 1424 1336 1135 7:57 

Min inmm Piping Requirenmnts  tot  Clean Agent  Systems 

1. lamita t ions  on piping to be used tot  clean agent  sys- 
If'ms (or any pressur ized llui<l) ave set I)v: 

(a) M a x m m m  pressure  expec led  within the pipe: 
(b) Mater ia l  o f  c o n s t r u c t i o n  of  the  p ipe ,  tens i le  

s t rength of  the material ,  yield s t rength of  the material ,  and 
t e m p e r a t m e  limitations of  the material;  

(c) J o i n i n g  lllctho{ls, e .g . ,  t h r e a d e d ,  w e l d e d .  
g rooved ,  etc.; 

(d) Pipe const ruct ion nlctho{t, e.g., seamless, ERW 
(clcctric resistance weldcd),  [hrnacc weldc<t, etc.; 

(c) Pipe d iamctcr ;  and 

(t) Wall thickness of  the pipc. 

2. T h e  calculations are  based on the fi>llowing: 

(a) The  minimum calculmed pressme is 620 psi (4275 
kPa) ti)t systems using an initial charging pressure up to and 
including 360 psi (2482 kl'a); 2,250 psi (15 514 kPa) tor 
!tFC-23 systems; and tor I(;-54l systems, 2,575 psi (17 755 
kPa) for plping upstream of the pressm-e reducer  and 1000 psi 
(6895 kPa) fin" piping downstream of dw I)ressme reducer; 

(b) T h e  calculations conta ined  here in  apply only to steel 
p ipe  con to rming  to AS'FM A-53 or  ASTM A-106, and cop- 
pe r  tubing conf iwming to ASTM B-88; 

(c) T h e  c a l c u h n i o n s  c o v e r  t h r e a d e d ,  w e l d e d ,  a n d  
grooved  joints  tbr steel pipe; and compress ion  fittings for 
coppe r  miring; and 

(d) ( ) ther  materials, such as stainless steel pipe or  tubings, 
may be used provided that the appropr ia te  SE values, wall 
thicknesses, and end comlection 1actors are substituted. 

3. T h e  basic equat ion  Io d e t e r m i n e  the m i n i m u m  wall 
thickness for p ip ing  unde r  internal  pressure  is: 

t = [PD/2SE] + A 

where:  

t = r equ i r ed  wall thickness (inches) 
1) = outs ide  pipe d i ame te r  (inches) 
P = max innun  allowable pressure  (psi) 
SE = max innnn  allowable stress [ including jo int  effi- 

ciency] (psi) 
A = al lowance tor threading,  grooving,  etc. (inches). 
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Pip ing  with Rol led Groove or  Welded  Connec t ions  
M a x i m u m  Al lowable  Pressure  

Schedu le  40 Steel Pipe 

A-53B A-53A 
Grade: A- 106C A- 106B A-53B A- 106A A-53A A-53F 

NPS Type: Seamless  Seamless  ERW Seamless  ERW Furnace  

~/,, 5450 .I(;72 3{.)8(i :}7:}7 
'!,+) 452o 3875 330(; 3100 

I 42.t8 364 l 3107 <>t.+)l=,> 
I I/l 3542 303(; . . . .  ~ ~ {) ')-t <}{) 
I I/,, 3205 27t  7 23.t.1 21 {.)7 
2 272:} 233.t 1992 18(;7 
,)_ I/,,. 2.c1(i5 <J..)-t.x <) 2168 2033 
3 25(,)2 2'221 1896 1777 
4 2212 1896 1618 1516 
5 1 {.)il 8 1669 1.I 2.t 133(i 
6 1775 1522 1298 1217 
8 1568 13+t I 147 1075 

3 1 7 6  
2634 
2475 
2O64 

868 
5S8 
728 
511 
28{.) 
135 

1034 
914 

2118 
1757 
1650 
1376 
12.t1; 
1()5,~ 
1152 
10()7 
859 
I~ )J  

(it)() 
(i(){.) 

Schedule  80 Steel Pipe 

A-53B A-53A 
Grade: A- 1O6C A- 106B A-53B A- 10fA 

NPS Type: Seamless  Seamless  ERW Seamless  
A-53A A-53F 
ERW Furnace  

I/:> 7350 6300 5376 511.1tl .1284 2S56 
:!." ~ 6160 528o 4506 .1224 3590 2391 

I 5717 4901) 4182 3{.120 337,2 222 I 
11/.i 't 832} 4142 2}5:}5 33 I't 2816 1878 
1 i!,, ,I.t 21 378{.) 2}22}4 3032 2576 1718 
2 3855 33().t 2820 26 l.t 22 -h".4 1.t{)8 
2 il~ -t032 3.t56 29.t9 27(;5 2350 1567 
3 3(;00 3086 2633 2.1('){.) 2098 133{.) 
4 3145 2(i!)6 230] 2157 1834 1223 
5 28:} l 2.t27 2071 1 {.).t I 1650 I I()(I 
6 2739 23-t 7 2()03 1878 1596 106.1 
8 2435 20S7 1781 1 (;7o 1.t2o 9.t(; 

N()TE: Forthcsccahulal ions: 

A = d e p t h  o f  t l n e a d  li+i + t h r e a d e d  c o n n c ¢ t h > n s  
A = dep th  o f  gro<>vc 1or { t i t  g roove connect ions 
A = zero ti)i + we lded ol+ ro lh 'd  ~i<)<B't' t+oili lc(liOliS 
A = / l ,  r o t ( ) i  + jo in ts  in copper  t r i l l ing  using C<)lnprcssi<ni 

t i t t ings, 

The  le r in  ~E is dc l h l cd  as Ill o f  ihc  tcnsih" s l rcng l l i  o [  
lht '  p i p i n g  ina ic r ia l  o r  '-'/3 oF lhe vk 'k l  s l r cng lh  (whi {h{ 'v { ' r  
is lower )  nn i l t i t ) l i cd  by a jo in t  el]Tcicncv l i ic tor.  

Jo in t  et l ic iency t~icl{n+s art': 
l . l )  f i n  Sealnl{'ss 
0.85 f in  ERW (electr ic resistance wckh'd) 
l)+60 I~n [ i i rnacc bu l l  wchl  (con lhu ious  wchl )  ((]lass F), 

4. T h e  basic equat ion  can I)(, r cw r i l l on  to SOlV{" [in+ l > so 
;is 1o dc lc r ln in t ,  lhc  i nax i i nun i  al lowabh" prcssurt '  1ill- wh ich 
ii p ipe hav ing ii i i o ln i i la l  wal l  thickness, 1, Gi l l  he used: 

I > = 2SE (t  - A ) / I )  

as rcqu i red  I)y 7-7,] .1 o f  Ihis slandai+d. 

l :or  svslcms hav ing  a c h a r g i n g  prcsst, rc u l} l() and 
hiclu{IhU4 360 psi (2.t82 kPa), I l l { '  cahu la t { 'd  pressure, 1', 
m u s t  bc  { 'qual  to o r  g r e a t e r  t h a n  6 2 0  psi ( 4275  kPa) .  

For  111:(:-2:+ s y s t e m s ,  t h e  c a l c u l a t e d  p r e s s u r e ,  P, m u s t  lw 
e q u a l  to o r  giciitci t h a n  2 2 5 0  F, si (15 51.1 k l ' a ) .  

For  I ( ; -541  s y s t e m s ,  t h e  c a h u l a t c d  p r { ' s s u r e ,  P, m u s t  bt '  
e q u a l  Io <)r ,~icHtCl + t h a n :  

2 5 7 5  psi (17 755  kPa)  l h r  p i p i n g  u p s t r e a m  o f  t h e  pr{'s- 
Slli'C I'C(] li('{'I', 

1001) psi (6895 k l 'a)  f i ," p i l f i ng  downs t rean l  <)1 the prcs- 
SIli'C Fc(hi('(q'. 

T h e s e  pr,:+'ssure v a l u e s  a r c  b a s e d  o n  a m a x i n m n t  ag{ 'nt  
StOiagt' I cn l t )c ra l t t rc  o f  130°F (55°(:). 

5. 1t + h igher  storag{'  t empera tu res  m c  app roved  f in  
a g ivcn systcni, the h l te rna l  pressure sh<)uld be adjusted 
t() tlw iil~ixil]lliill intci+nal p r e s s i i i { '  ill l+l];lXillliilll tClYIpCl';i- 
tui'.'~'. In  p<_ ' r lbrmhlg th i s  c a h a i l a t i o n ,  all .j<fint liwt<)rs a n d  
t h r e a d i n g ,  g r o o v i n g +  o r  w e l d i n g  a l h B v a n { e s  s h o u h l  h c  
H i k c i l  i111o iIC{'Otllll. 
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6. T h e  fo l lowing  lisl g ives  v, lhies ti)r SE as t a k e n  fl 'orn 
A p p e n d i x  A o f  A S M E  B31,  Code.[br Pres.sure Piping. I den t i -  
cal vah ies  a r e  g iven  in A S M E  B31.1 ,  Power Piping Code, a n d  
A S M E / A N S I  31.9,  Buildi,g Services Pipi,g Code. 

SE Value 
(; fade C Seilnlless Pipe ASTM A-106 17500 psi 
(;l';l/le B Seamless Pipe AS'I'M :\-53 15000 psi 
(',r,ide B Seamless Pipe ASIM :\-106 15000 psi 
( ; radc A Seamless I'ipe ASTM A-53 12000 psi 
('r;itle A Seamless Pipe ,-\STM ,\-106 1201)0 psi 
(;r,ide B ERW Pipe ASTM A-53 12800 psi 
(;l'a(le .\ ERW Pipe ASTM A-53 10200 psi 
( ; fade P Furnace Welded l' ipe AS'I'M A-53 68401) psi 
Sealllless Copper  Tubing  (Aiiilealed) , \STM B-88 5101) psi 
Sealnless Copper Tubing ( l)rawn) AS' IM B-848 901)0 psi 

For SI tlnits: I psi 6.895 kl'a. 

7. P a r a g r a p h  102.2.4(B) o f  .&SME B31.1, Power Piping 
C,d,,, allows the  inax imun l  allowable stress (SE) to be  e x c e e d e d  
bv 20 pe rcen t  if the  du ra t i on  o f  the  p r e s su re  (or t en ipe ra tu re )  
increase  is l imited to less than  I pe rcen t  o f  any 24 -hou r  per iod .  
Since the  clean agen t  p ip ing  is normal ly  unp re s su r i zed ,  the  sys- 
tem discharge period satisfies this criteria. Therelore, the pip- 
ing calculat ions sei out  in this p a r a g r a p h  a re  based  on  vahies of  
SE thai are 20 percent greater than those out l ined above in 
Paragraph 6 (per A p p e n d i x  A o f  ASME B31.1, Power Piping 
Code). T h e  specilic values fill nlaximttl l l  al lowable stress ilsed ill 
these  calculat ions are as fi)lhiws: 

( ; rade C Se;_lnlless Pipe 
( ; rade B Seamless Pipe 
Grade B Seamless Pipe 
( ; fade A Seamless I'ipe 
(;rade A Seamless I'ipe 
( ; rade B Seamless l 'ipe 
( ; fade :k ERW Pipe 
Grade F Furna te  Wehled Pipe 
Seamless Copper  Tubing (Annealed) 
5eaiuless Copper Tul l ing ( l)rawn) 

For SI Uniis: I psi - 6.1~95 kPa. 

SE Value 

ASTM A-106 21000 )SI 
ASTM :\-53 1801)0 )si 

ASTM A-106 1801)0 )sl 
ASTM A-53 14400 /sl 

ASTM A-106 14400 /sl 
ASTM A-53 15360 }si 
AS'IM A-53 12240 Isl 
ASTM A-53 8160 :/si 
ASTM B-848 6121i )sl 
,\S~I'~I B-N8 108400 )SI 

Nt)TE 1: When using rolled groove connections or welded 
eOllllectiOllS with ii lternal projections (backup riligs, ell.), tilt' 
hv(lraulic ealculcliions should consider these tatters. 

N()TE 2: Pipe supplied <is dual stenciled A-120/:\-53 (]hiss 
F meets the reqiiil'ellieilt~; of  Class F thrnace welded pipe 
ASTM A-53 as listed abmce. ( ) rd inarv cast-iron pipe, steel 
pipe COllfl)l-illillg to ASTM A-120, or llOllllle[aili(" pipe 
should not be tlscd. 

N()TE 3: All gr(Ioved couplings/fittings should tit" Iisled/ 
approved fin" list' with clean agelil ext inguishing s)swrns, 

N()TE 4: The above talculations do l ie\ apply Ill extended 
discharge exceeding l.t..t him. 

NOTF 5: For con\press\on or Itare-type lu l l ing til i ings, 
ti le niaxinnun alhlwable win-king pressure specified by the 
f i l l ing nlanut] i t turcr  slloii ld be used. 

Minimum Piping Requirements 

Clean Agent Systems -- with Charging Pressures up to and Including 360 psi (2482 kPa) 

Steel P ipe - -Threaded  Conneelioi ls 
ASTM A-l(\6 Sealniess, (;r, ide (] 
ASTM A- 1116iA-53 Sealll]es',;, (;Fade B 
:\STM :Vl06/A-:'13 Seamless, Grade A 
ASTM A-53 ERV¢ ( ; fade B 
ASTM A-53 ERW ( , rade A 
ASTM A-53 Furnace Weld Class 1; 

Sleel l ' ipe- -Welded  or Rollett (h'oove Connections 
ASTM A-I06 Seamless, ( i rade (2 
ASTM A- 106/A-53 Seamless, ( ; fade B 
ASTM A-106/A-53 Seamless, Grade A 
ASI'M A-53 ERW (; rade B 
AK1-M A-53 ERW (;r;ade A 
AS FM A-53 1;urnace Weld (:lass I" 

Steel Pipe--Cut ( , reeve Connections 
ASTM A-I l l6  Seamless, (;rade C 
ASTM A- 106L,\-53 Seamless, (;rade It 
ASTM A- 106/A-53 Seamless, (;rilde . \  
,\STM A-53 ERW (;rade B 
ASTM A-53 ERW (;rade ,,\ 

ASTM A-53 Ftlr i iate Weld (;hiss I: 

Copper Tubmg--( ;o lnpression Fittings 
ASTM B-848 Sealnless, Dl'awll 
ASTM B-88 Seamless, I)rawii 
ASTM B-88 Seanlless, Drawn 
ASTM B-88 Sealnless, Annealed 
ASTM B-88 Scanlless, Annealed 
ASTM B-884 Seamless, Anne,lied 

Schedule 40--I,/s hi. thru 8 in. NPS 
Schedule 40- - i&  in. lhru bl in. NPS 
Schedule t()--I,~ in. thrt i  84 in. NPS 
Schedule 40--11s in. thru 84 in. NPS 
Schedule 40 i l l s  in. thru 8 in. NPS 
Schedule 40--i /s in. ihru 1i/2 in. NPS 
Schedtlle 8 ( ) i ~  ill. lhru b; ill. NPS 

Scheduh' 40--1/~ m. ihr i l  84 in. NPS 
Schedule 4() - i &  in, thru 8 in. NI'S 
Schedule 4()--I/a ill. thru 8 in. NPS 
Schedule 41)--I/s ill. thru 84 in. NPS 
Schethile .t0--I,,,~ in. tlll 'II 84 ill. NI>S 
Schedule 40--1!s in. ihru 6 in. NPS 
Schedule 8411--8 ill. NPS 

Schedule- t0--I /~ in. du'u 8 in. NPS 
Schedule 40--l /s  in. dn'u 14 in. NI'S 
Scheduh'  .t0--1/~ in. Ihru 8 in. NI'S 
Schedule ,10--1/~ in. Ihru 8 in. Nt'S 
Schedule- t0- - i / s  in, thrt l  5 ill. NPS 
Scheduh'  bl()--(i ill. lhru 8 in. NI'S 
Schedule .t1)--I,I,~ in. ihru 3 in. NPS 
Sclledule 8411--4 in. Ihru 8 in. NI'S 

Type K I i in. thru 8 in. 
Type I. I/t in. thru 3 in. 
Type M I/i m. thru 1 I/<2 in. 
Type K I/i in. thru 1 in. 
Type 1, I/I in. thru :Vt in. 
"l)pe M kl in. ONIA" 
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Minimum Piping Requirements  

IG-541 Systems --  Upstream of  Pressure Reducer 

Steel l ' i p e - - T h r e a d e d  Connect ions  
ASTM A-106 Seamless,  Grade  C 

AS1 M A- 1116/:\53 Stainless ( ; fade B 

ASTM A-106/A53 Seamless (h-ade A 

ASTM A-53 ERW ( ; fade  B 

ASTM A-53 ERW (; rade A 

ASTM A-53 Furnace  Wekl (;lass F 

Steel P ipe - -Weh led  
ASTM A- 106 Seamless,  Grade  C 

ASTM A- 106/A-53 Seamless,  Grade  B 

ASTM A-106/A-53 Seamless,  Grade  ,,\ 

ASTM A-53 ERW Grade  B 

ASTM A-53 ERW ( ; rade  A 

ASTM A-53 Furnace  Weld Class F 

Copper  T u l f i n g - - C o m p r e s s i o n  Fittings 
ASTM B-88 Seamless, Drawn 
ASTM B-88 Seamless, Annea led  

Schedtde 40-- t / s  ill. th ru  I/2 ill. NPS 
Schedule  80--:~/,t ill. th ru  21/2 ill. NPS 
Schedule  4 0 - - D O  N O T  USE 
Sthedl l le  8(1--1/'~ thrll  11/4 N I'S 
Schedule  4 0 - - D O  N()T  USE 
Schedule  80--1/8 thru 3/4 in. NPS 
Schedule  4 0 - - D O  N O T  LISE 
Schedule  80--1/,s th ru  1 in. NPS 
Schedule  4 0 - - D O  N O T  USE 
Schedule  8(11/x ill. t h ru  t/2 in. NPS 
DO N()T USE 

Schedule  
Schedule  
Schedule  
S(hedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  

4 0 I I / s  ill. th ru  3 ill. NPS 
80 - -4  in. th ru  6 ill. NPS 
40--1/s th ru  11/) in. NPS 
80 - -2  m. th ru  4 in. NPS 
4()--l/s th ru  1 in. NPS 
8(1 11/4 th ru  21/2 NPS 
40--1/s in. th ru  11/4 ill. NPS 
80--1  ~/~ in. th ru  3 in. NPS 
40--I/S ill. th ru  :~/4 NPS 
80- -  1 in. th ru  11/,, NPS 
4 0 - - D O  N O T  USE 
8()--l/s in. t h ru  I/2 ill. 

Type  K, L, M - - I ) O  N O T  USE 
Type  K, L, M- - I ) ( )  N O T  USE 

Minimum Piping Requirement 

IG-541 Systems --  Downstream of  Pressure Reducer 

Steel l ' i p e - - T h r e a d e d  Connec t ions  
ASTM A-106 Seamless,  Grade  C 
ASTM A- 106/A-53 Seamless,  Grade  B 

, \STM A-106/A-53 Seamless,  Grade  A 

ASTM A-53 ERW ( ; rade  B 

ASTM A-53 ERW ( ; rade  A 

ASTM A-53 Furnace  Weld (;lass 1: 

Steel P ipe - -Welded  
ASTM A-106 Seamless,  Grade  C 
ASTM A- 106/A-53 Seamless,  Grade  B 
ASTM A-I06/A-53 Seamless,  Grade  ,.\ 
AS'FM A-53 ERW (; rade B 
ASTM A-53 ERW Grade  A 

ASTM A-53 Furnace  Weld (:lass F 

Coppe r  T u t / i n g - - C o m p r e s s i o n  Fittings 
ASTM B-88 Seanllcss, l)ra,an 
ASTM B-88 Seamless,  Drawn 
ASTM B-88 Seamless,  Drau  n 
ASTM B-88 Seamless,  Annealed  
ASTM B-8,q Seamless,  Annealed  
ASTM B-8,q Seamless,  Annea led  

Schedule  
Schedule  
Schedule  
Schedule 
Schedule  
Schedule  
Schedule  
S~ hedu le  
Schedule  
Schedule  
Schedule  
Schedule  

40--1/~ ill. th ru  8 in, NPS 
40--Va in. t h ru  5 in. NI'S 
811--6 in. thru 8 in. NPS 
40--1/~ in. th ru  21/2 in. NF'S 
80 - -3  in. th ru  8 in. NPS 
4(I--I/2 in. th ru  3 in. NPS 
80 - -4  in. th ru  8 in. NPS 
40--1/~ ill. thru  l l / t i n .  NPS 
80--11/e in. th ru  8 in. NPS 
40--1/s ill. t h ru  1/2 in. NPS 
8()--:~/t in. th ru  21/2 in. NPS 
120--?, ill. th ru  8 in. NPS 

Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  
Schedule  

40--1/s in. lh ru  01 ill. NI'S 
4()--I/~ ill. th ru  8 ill. NPS 
40--1/s in. lh ru  8 in. NPS 
40--1./s ill. th ru  8 ill. NPS 
4()--1/~ ill. th ru  6 ill. NPS 
8 0 - - 8  in. NPS 
40-- t /a  in. lh ru  3 in. NPS 
8 0 - - 4  in. th ru  6 in. NPS 
120--8  ill. NPS 

Type  K I/t in. thru  1 t/t in. 
Type  I. l/t ill. th ru  3/.i in, 
Type  M I,q in. th ru  3/s in. 
Type  K I/4 in. t h ru  3/s in. 
Type  1, DO N O T  USE 
Type  M DO N O T  USE 
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A-2-2.3.1 Fi t t ings tt lat are acceptal) le t~1i use in cleal l  
; igei l l  svSleliiS inch lde lhe i l l ] lowing:  

(,1) ]+'illiligS t i l t  t ie ; i l l  ;tgetil svsleltlS haviti<~ ;I t l l ; l l g i l l ~  
I)ressure up to ;uld i nch ldh lg  ~/I~1) psig (<24~2 kPat ;it 7(l°F 
(21°C) should be, ;is a i n i i i i i i l l l i i l :  

(;hiss 31)11 mal leable or  d l tc l i le  i ron t i t t i i l~s l l t r i / ugh  3 in. 
NP~, a i id  l l l00-1b rated duct i le  t ro l l  or  f i l rged steel l i t t ings 
i l l  all la tger  sizes. Flanged .j<tints sh i tu ld be (]lass '300. 

(b) Fittings tier H 1+(;-71/svslt'llis should be. as ,1 in i t l in l t l t l i :  
(;lass 31)11 mal leable i l l  duc l i le  i ron l i i t i l igS l l i r o u g h  2 i l l .  

.~P,~, a l id  Ibrged steel lh l ings  iti all l ; i rger si/es. Flanged 
j~lints i l l tSi te; i l l l  i t |  ;111%' slop valves should t)/' (',lass (~{)(), and 
lhosc dowi is l re ; i ln  ol;tli,% stop valves ~ i  in svsletlls whh  l ie 
stop valves shituld t)e (]lass 300. 

(¢) Fitting,~ Ihr I( ;-541 systems hav ing  a charging pres- 
sure o|" 2,175 psig (14 {)¢.)7 kPa)f i t  7()°1: (2 I°C) should lie. as 
;i l n i l l i l i i i l l i i :  

Ups i r ea l i i  o f  the  preSSl l le  I e (h l ce t :  2000-11) (]lass 
tbvged sieel, in all sizes. 

Di)wi ts l re; ln l  o |  the pressure reducer:  (]lass [{()0 inal- 
leable o1 duc t i le  i ron  f i t t ings t h r i ) ugh  3 hi. NPS, and 
1000-1b ra led duct i le  i ron  ttr fi>rged steel th ih igs  hi ;il l 
];li<~er sizes. Hanged jo in ts  should be (]lass 6()(I. 

The  inater ials i ien l ized abi)ve d i l  not prech ide Ihe use o f  
o ther  n la ler ia ls  and type and style o f  th t ings thai satist\" the 
requiretn( ' l t lS i)l + 9-2.'.'I. 1. 

(d) Piessi i re- ienlperat t i r / '  ral ings h;i'<e I/eeil established 
tbr certain types of  titt ings. A list o f A N S I  standards tover i l i g  
the di f t t ' renl  l )pes o f  f i t t i t igs is givei l  in Table 17ti. 1 o f  ASME 
1/31.1, Power l ' ipi,<q Code. l lVhele t i t t ings I I ( ) l  covered Ill ' one 
~lf these stal id; irds ;ire used, the design re(Oll inlel id~it iol is i t |  
the lt i;t l l l l f~i<,l l l ier ( i t  the t i t l ings should i lo l  be exceeded. 

A - 2 - 2 . 4 . 2  ,%ome o f  the new ( le; l i i  ;lgelitS may i lo i  tie cent- 
pat ible wi th  the el; istoir iers used in Haht i i  1301 svSteln 
valves, l /etbre charg ing  a s'¢sleln (+i)l~l;lillel + w i th  sOllle ()t 
the clean agenls, it niay I)e necessar'¢ tit dis,isseinl)le the 
discharge calve and con ip le le ly  replace l i l t '  i ) - r ings alrid 
<)ther seal ing sur|{ices w i th  Ci)lnp<)iienls lha i  wi l l  liOt reacl 
I~t l ] la i  agel l l .  Make cer la i l i  that  this evah ia l ion  has beeii  
c i t r l lp le led.  Also nlake certa in thai the change resuhs in the 
valve, c()nla i l ier ,  and svstein COlilpl,ving, w i th  the app rop t i  - 
ale listings or  allprovais.  

A-2-3.2.1 Ti le  detect ion svstcin selection priwess should 
evaluate  Ihe atnl)ien[ el lvir i lntnel l lal  condhi<m in deter -  
min ing  the appropr ia te  device and sensit iv i ty it1 o rder  to 
pvew'nt  unwan ted  dischargt 's  while still pri~viding the nec- 
essary earliest ;11111;11io11. l t l  h igh  ;lit + t-low el lVi l ' ( tnl l lel l lS, air 
sa l l lp lh lg  detect ion devices shi>uhl 1)e c<)nsidt.red. 

A-2-3 .5 .3  A te lephi)ne st lould be located t iear the a l / i l l t  
switch. 

A-2-3.6 Accidental  disctlat+ge ina'¢ b c a  siglli l ic;11il thctor 
in unwanted  cleail  agei l l  etnissiltns. ]+]quipn/ell l  lockout  or  
service disconnects t~tll be i i / s l t l i l l l t ' l l i ; i l  in p reven l i t l g  false 
discharges when tilt" clean ; igel l l  svslenl is behig tested or  
serviced, ht addi t i t tn ,  servi l ing- o f  air  cond i l i i l i i i i l g  sVsleins 
whh  the release o f  re f i i ge ran l  ;i/,roso]s, so lde i ing ,  i l l  l l l l l i -  
i l ig  electr ic p lenun l  heaters tin f i tr  Ihe f irst ihnc  at ic r  a lo i tg 
per iod o f  idleness nlav t r ip  the c]eail agei i l  s'¢Slelii, ~14¢heie 
used, an eq l i ip t l i en i  service disci)nnect switch should Iw o f  

the keyed-access type if external  {d the contrill  panel  or  
may be of  the toggle type if within the locked c.nt1<)l 
paliel. Eittlei type shotLhl annuncia te  at the patwl whet+ in 
the oul-ofLservite mode .  !lVlillell pri>cedures should  bc 
established ti l l- taking the clcall ~.igellt svsteln out (d nor ~, i('c. 

A-3-2.1 It is lhe hllent of  the ci)nullhtce to provide +++hhin 
th is  s t a n d a r d  ;I g c n c r i t ,  ope l l ,  a l ld  c<)nsensus-based 
me thod  tbr pe lh>lmi i lg  svstcnt th ~w calculations. ,.sis <d + pub- 
licath)n date, lit) ineth<~d was availal)le. 

Phenimlcn~dogical l ) ,  the d i sch ;uge  and p ipe  flows <>t 
these agents ;ire s imi lar  ti~ Ihi i I  ( i t  I t a lo l l  1301. ,t~illlie <)t" 
these +lgeillS wi l l  c×hib i t  two phase-two co lnpo i le l i l  t l i lws, l i  
is possible ih; l l  lht 'ne ([eal i  agoi l l  c i )n l l )Ot i i ids wi l l  y ie ld 
l n i i l e  s imp ly  to 1node] f low behav io r  due  p r i l i i a r i l y  Io 
h ighe r  b i i i l i ng  tl<liliiS. These lh)w phen l ) i i i c i l ; i  are, in ~t ' l i -  
eral, ex i ren le ly  t o i i i ph ' x  al ld d i l l i cuh  to predic t ;  hi)wt 'vt ' r ,  
sevel+al conlpt l le r  stbellieS have I)eell deve loped  fiir the dis- 
charge  of  l t ahm 1301 and could be nli+dified fill + use whh 
the se  rep l ; t ce l l i en i s .  N o t a b l e  ;ilnOllg, t he se  c o t i l p u t e r  
schctnes arc  the .let Pr<q)ulsioll Labora to r ies '  IfFI+()W 
(simplified ttali)ll 13(11 alg</rithnl) and their  modif icat ions 
of  Li>s ?danliis Nalion,i1 l:aborati)ries" SOLA-I:()()I  > pro-  
g ram (linitc <lifl~:rcllce, drift Ilux algi lr i thnl)  (1)iNcnllo, 
I'.,1., Forssell ,  E. el al., 19bi¢`), 1990; Elliot, I).(;. el al., 198.t; 
I l i l l  ct al., 1976). Plcviiius work by 1)iNcnno and Bu<lni<k 
(lt.)~i'l) idcntific<t 15 genera l  purpose  two-phase fli>w 
calculat ion schcmcs  and idcnt i f ied  SOI+A-I+O()I ~ as thc 
in<ist p ro ln i s ing  f i)r t i le type o l c o l n p o u n d s  and thlw condi -  
l ions encoun le red  i l l  f i re stippressi+)n sysleins. Exl)er i -  
lne l i la l  ; ig ree l i ien l  i tn re lat ive ly  s i inple p i p i ng  ne lworks  
was excel lent.  

A-3-3 .4  ]~]xaiilples o f  xe i i t i l a l i o i i  svstelns I lecessarv It) 
e l isure satTly h lc lude c i ) idhlg of + v i l l i  equ ip inen l  rt, qu i red  
ti)r process satt'iv ; i i id  vent i la t ion svslell ls reqt l i red f i /r  C<)li- 
t ; l in lne i l t  o f  t laz~irdous in;i terials. 

A - + - I . 2 . 1  I n e r i i n g  Concen t ra t ions .  Th i s  append i x  sec- 
l ion  prov ides a sl_1111111;llV e r a  ine t i lod  o f  evah la lh ig  iiit'l+l - 
ing concent ra t i i in  i l l  ;1 Ihe  ex t i i l g i l i sh ing  vapor.  

( ) l ie  characler is l ic  oF halol ls  a l ld  rep lacenlen l  ~l~elltS is 
t i 'equent ly re l { ' r red 11) ;.is t i le iner i ing ,  o i  i nh ib i t i ng ,  Ci)ll- 
centrat ion.  Related It> t i l ls, | lan ln l , lb i l i t y  d iagra in  data (Dal- 
zell, W., 1075 ; i l ld (;o11., J.p., 19761 Oll te rnary  svsleins w;is 
pul)lished in NI:PA 12A, Sla,dard o, Halo, 1301 t:ne 17xli,- 
.l~',l.sh#lll( .~)~+shun.s. T h e  p rocedures  used previously h;tvt + bt't 'n 
used tlli)l+e I 'etelll lv to ev{t]il;ltt + ii+crth+g c<)tWel/t1~iti<)iis <)t 
hahms and replac~'nlent t l lcinit  als against various fuel-air 
systems. Dil terences be tween the ear l ier  studies and the 
recel l l  work  arc Ih;it the test vessel ~,ohllnC uscd was 7.¢,1 1, 
vs 5.6 1, prev ious ly ;  the ign i ter  type was the S;llllC, i.e. ( ; t l -  
l lo l l  rod corona discharge spark, but the capaci l i t r  stored 
etli't'g)" levels ++el+e higher ,  , lppri ixhnately 68 J vs 6 <lr l 1 J 
oil the ear l ier  work. T h e  basic p iocedure ,  emphiyi i lg  a g, llt 
sl)ark, has been adopted  to develi lp addi t ional  data. 

Te rna ry  fuel-air agent  mixtures  were p r epa red  al a test 
pressure o f  1 a in ios l )here and at root l l  l en lpe ra iu r c  in ;t 
7.9-l+ spherical test vessel by lilt" pa t t i l l  pressttre Illt ' thod. 
T h e  vessel was lit led with iillel and vent ports, a t t lermo- 
cttul)le, and ;i p ressure  t ransducer .  T h e  test vessel was litst 
evacuated.  Agenl w,is then admit ted ,  and if a liquid, suffi- 
cient t ime was al lowed tot  evapora t ion  to occur.  Fuel vapilr  
and th la l lv  ;tit + were adnl i t tcd ,  ta is i i ig  the vcsscl pressure l i t  
1 ; i ln losp( lere.  ,,sill i l i l e rna l  I lapper  a l lowed the n l iX lUl i ' s  I l l  
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be agitated by rocking the vessel back and  torth. T he  pres- 
sure  t r ansduce r  was connec ted  to a suitable r eco rd ing  
device to measure  pressure  rise that may occur on actua- 
t ion of the igniter.  

T h e  igni te r  employed  consisted of  a b u n d l e  of I b m  
graphi te  rods Ctt '"  pencil leads) held together  by two wire 
or metal b rand  wraps oll ei ther  e n d  of  the bund le  leaving 
a gap between the wraps of about  3 mm. The  igniter  was 
wired in series with two 525 mF 450-volt capacitors. l ' h e  
capacitors were charged to a potential  of  720 to 730 VDC. 
The  stored energy was, theretore,  68 to 70 J. The  nomina l  
resistance of tile rod assemble was about  1 ohm. On switch 
closure the capacitor discharge cur ren t  resulted in ioniza- 
tion at the graphi te  rod surface. A corona  spark j u m p e d  
across the connec tor  gap. Th e  spark energy  conten t  was 
taken as the stored capacitor energy though,  in principle,  
it nnls t  be somewhat  less than this a m o u n t  clue to line resis- 
tance losses. 

The  pressure  rise, if any, resul t ing from ignit ion of the 
test mix ture  was recorded.  T h e  in ter ior  of  the test vessel 
was wiped clean with a cloth d a m p  with ei ther  water or a 
solvent between tests to avoid bu i ldup  of decomposi t ion 
residues that lnight  inf luence the resuhs. 

T h e  defini t ion of the f lannnable  b o u n d a r y  was taken as 
that composi t ion that jus t  produces  a pressure  rise of 0.07 
times the initial pressure,  or 1 psi when  the initial pressure  
is I a tmosphere .  Tests were conduc ted  at fixed fuel-air 
ratios and  varying amoun t s  of agent  vapor  until  condi t ions  
were tound  to give rise to pressure  increases that bracket 
0.07 times the initial pressure.  Tests were conducted  at 
several fuel-air ratios to establish that condi t ion requi r ing  
the highest  agent vapor concent ra t ion  to inert .  

Data obta ined on several chemicals that may serve as tire 
protect ion agents are given below. 

Table A-3-4.2.1 Inerting Concentrations for Various Agents 

Vol % Inerting 
Fuel Agent Concentration Reference 

i-Ftutanc 

Methane 

Propam' 

H- 1301 6.7 Senecal 
IIFC-227ea 11.3 Senecal 
IIBFC-22B 1 11.3 Senegal 

H Ft :-23 20.2 Senecal 
H F(:- 125 14.7 Strict al 
I(;-541 43.0 Tamanini 

H- 1301 7.7 Scnccal 
H- 1301 6.0 Scnccal 
H F(;-23 20.2 Scnccal 
! IF(:- 125 15.7 Scnccal 
t t B F(;-22 B 1 11.7 Scnccal 
1(;-5.t I 49.0 Tamanini 
FC-3-1 - I 0 10.3 Senecal 
FC-5114 7.3 Scnccal 

A-3-4 .2 .2  F l a m e  E x t i n g u i s h i n g  C o n c e n t r a t i o n s .  Tiffs 
append ix  section provides a s u mma ry  of tile cup h u r n e r  
nlethod fin" d e t e r m i n i n g  ex t ingu ish ing  concentrat ions.  

()tie apparatus ,  shown scliematically in Figure A-3-4.2.2, 
consists of an 8.5-cm I.D. by 53-cm tall ou te r  ctfilnney 
through which air is passed at 40 L/rain fl'om a glass bead 
dis t r ihutor  at its base, and  an inne r  fuel cup b u r n e r  with a 
3 . l -cm O.D. and  a 2.15-cm I.D. posi t ioned 30.5-cm below 

Pressure 
gauge Vacuum 

Septum T'~' ~ ' ~ [ "  Vent 

inlet I niter 
7.9-L 

test vessel 
Figure A-3-4.2.1 Spherical test vessel. 

tile top edge of tile ou te r  chimney.  Ext inguishing  agent  is 
added  to the air stream pr ior  to en te r ing  the glass bead 
distr ibutor.  The  air flow rate is ma in ta ined  at 40 L/rain tot  
all trials. Air and  agent  flow rates are measured  us ing ca l f  
bra ted rotameters.  

Each trial is conduc ted  by a¢[justing the ex tended  fuel 
reservoir  (see Figure :t-3-4.2.2) to b r ing  the liquid level in 
the cup b u r n e r  to jus t  even with the base of  a g r o u n d  glas.s 
lip on the b u r n e r  cup. With the air flow main ta ined  at 40 
L/rain, the fuel in the cup b u r n e r  is ignited. Agent  is grad-  
uallv added  to the air s t ream unt i l  tile t lame is extin-  
guished.  The  agent  ro tameter  read ing  is then recorded.  

Several ex t ingu i sh ing  trials are conduc t ed  with each 
agen t - fue l  c o m b i n a t i o n  to e n s u r e  that repea tah i l i ty  is 
obta ined.  

The  ext inguishment  concentrat ion is computed as ti)llows: 
FI 

Ext. Cnnc. - x 1009{ 
F~ + F,, 

where F 1 = Agent flow rate, L/nfin 
F,, = Air ttow rate, Idmin.  

Ti le  average of the several values of agent  flow r;ne al 
ex t ingu i shment  is used in the above calculation. 

A nnmt /e r  of investigators us ing different test methods  
and  procedures  have publ ished Ilame ex t ingu ish ing  data. 
Repor ted  cup b u r n e r  flame ex t ingu ish ing  concent ra t ions  
often vary between investigators,  and  variations in equip-  
men t  and  techniques exist. I)espite this, however,  agree- 
men t  be tween  different  labora tor ies  is relatively good. 
Table  A-3-4.2.2 presents  cup b u r n e r  flame extinguishi,ag 
concent ra t ions  tbr halocarbon agents  in this s t andard  t~om 
various investigators. 

A-3-4.2.2.3 l)eep-seated fires inw)lving Class A fimls ma~ 
requi re  subs tant ia lh '  h igher  des ign  concentrations an{'l 
ex tended  ho ld ing  times than  the design concen t ra t ions  
and  hold ing  times requi red  tor snrtace-type lives involving 
Class A luels. 

A-3-5.1 Total  F lood ing  Quant i ty .  The  amou, l t  of  clean 
agent requi red  to develop a given concent ra t ion  will lie 
greater than the tinal amount  of agent  in the same enclosure. 

In most cases, the clean agent  must  be appl ied in a man-  
ner  that promotes  progressive mixing  of the a tmosphere .  
As the clean agent  is injected, the displaced atmost)here is 

1994 Edition 



APPENDIX A 2001-37  

Table  A-3-4.2.2 Cup-Burner  Heptane  Flame Ext ingu i sh ing  Data 

Invest igator Agent  
FC-3-1-10 HFC-124  HFC 227ea HBFC 22B1 HFC 23 HFC 125 IG-541 Halon  1301 

NRL 5.2 - -  6.6 4.1 12 9 -- 3.1 
3M 5.9 . . . . . .  3.9 
NMERI 5.0 -- 6.3 4.-t 12.6 9.4 -- 2.9 
Fenwal 5.5 6.4 5.8 3.9 12 8.1 - -  3 
(;I•CC - -  - -  5.9 3.9 12.7 - -  - -  3.5 
A n s u l  . . . . . .  2 9 .  I 

NOTES: 
(a) . \dd the hallowing l)esignations: NRI, - Naval Research l.aboratory, NMERI - New Mexico Engineering Rc~earch Institute, (;I,CC - (;teat I.akcs Chem- 

Ical Company. 
(b) Vapor pressure at 77°F (25°C). 
(c) Exlmguishing concentration bv cup burner  test, 
(d) The  extinguishing concentration of 7,2C~ Ior ItCFC Blend A has been obtained by UI+ (;anada. 

Air 

A 

[ FI  a n "  

• , . _ _  p- ,_ . . _  

I F 
i - I  

A g e n t  * * 

ll:-- i lass Bea  Is 

l 1 
Figure A-3-4.2. '~ Cup burner apparatus. 

exhaus ted  freely f rom the enclosure  t h rough  small open-  
ings or  t h rough  special vents. Some clean agent  is there-  
tore lost with the vented  a tmosphere ,  and the h igher  the 
concent ra t ion ,  the grea te r  the loss o f  clean agent .  

For  the purposes  of  this s tandard ,  it is assumed that the 
clean agent /a i r  mix tu re  lost in this m a n n e r  contains the 
f n a l  design concent ra t ion  of  the clean agent .  This  repre-  
sents the worst  case f rom a theoret ical  s tandpoin t  and pro-  
r ides  a built- in safety factor to compensa te  tbr non-ideal  
d ischarge  a r rangements .  

A - 3 - 5 . 2  T h e  vo lume  of  inert  gas clean agent  r equ i r ed  to 
deve lop  a given concent ra t ion  will be g rea te r  than the final 
v()lume rema in ing  in the same enclosure.  

In most cases the inert  gas clean agent  nmst  be appl ied  
in a m a n n e r  that p romotes  progress ive  mix ing  of  the at,no- 
sphere.. ,ks the clean agent  is injected,  the displaced atmo- 
sphere  is exhaus t ed  freely f iom the enc losure  t h rough  
small openings  or  th rough  special vents. Some inert gas 
clean agent  is t h e r e f w e  lost with the ven ted  a tmosphere .  
This  loss becomes  g rea te r  at high concent ra t ions .  This  
m e t h o d  of  applicat ion is called " f e e  effiux" th)oding. 

U n d e r  the above condi t ions  the voh, me of  iner t  gas 
clean agent  r equ i red  to deve lop  a given concent ra t ion  in 
the a tmosphe re  is expressed  bv the tbllowing equat ions:  

o r  

100  
e x  - -  

100 - % IG 

100  
= . .303  Logj0 100 - ~ IG 

Where :  ~ I( ;  = Volume 5~ of  inert  gas 
X = Volume  of  inert gas added  per  vol- 

u m e  of  space. 

A-3-6 Some areas affected by pressures  o the r  than sea 
level would include hyperbar ic  enclosures,  tacilities where  
vent i la t ion tans are  used to create  artificially l f igher  or  
lower press tues  such as test chambers ,  and thc]lities at alti- 
tudes above or  below sea level. Al though mines are  usually 
below normal  g r o u n d  levels, the}' occasionally have to be 
venti lated so that  pe rsonne l  can work in that env i ronmen t .  
Ambient  pressures  in that situation can be considerably dit- 
ferent  fi 'om those expec ted  by a pu re  ah i tude  correct ion.  

Al though adjus tments  are  r equ i red  tot  baromet r ic  pres- 
sures equiva len t  to 3{)00 ft (915 m) or  more  above or  below 
sea level, ad jus tments  can be made  tor any ambien t  pres- 
sure condit ion.  

T h e  a tmospher ic  correct ion tactor is not linear. How- 
ever,  in the m o d e r a t e  range  discussed it can be closely 
app rox ima ted  with two lines: 

For - 3 0 0 0  ft to 5500 ft of  equivalent  alti tude: 
Y = ( -0 .{)00036 * X) + 1 
For 5501 ft to 10000 ft of  equivalent  alti tude: 
Y = ( - 0 . 0 0 0 0 3  * X) + 0.96 
Where:  
Y = Correc t ion  Factor 
X = A l t i t u d e  (ft). 

For SI Units: 1 t~ = 0.305 m. 
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A-3-8.1.2 Discharge Time. The ot)limmn discharge lime is a 
limction of nnmy variables. Four variables ave very important: 

(at l,imitation of decomposition tn<Mucts; 
(b) I+intitation of fire damage and its elK'cts; 

(c) Enhanccd agent mixing, 

(d) Limitation of (ontpartmcnt overpressurc; an<t 

(el Secondary nozzle ttow etlects. 

The hah~genated hyttr<,carl)on live extinguishing agents 
described in this s tandard will break down into their 
decomposition products its they are exposed to a tire. It is 
essential that the end user un~terstand this process its the 
selection ot + the discharge time, and other design htctovs, 
will be impacted t)v tile antount of decomt)osition t)roducts 
the protected hazard can tolerate. 

The quantity of decomposition products generatcd tor a 
partictthlr agellt is proportional to the size t)f tile fire, the 
actual agent concentration, and the speed at which the 
extinguishing concentration is applied to the lire. The 
lat+ger the tlante size, the greater the quantity oi + decotnpo- 
sitinn products lhat would be expected, l+ikewise, the 
decontposition prodncts will be greater if" tilt' agent dis- 
charges sh>wly. This is due to tile filet that it takes hmger 
for the m i n i m u m  ex t ingu i sh ing  concen t ra t ion  to be 
achieved. Until it is achieved, the tlame will continue to 
decompose agent rat her than be suppressed. ,.\(Iditionallv, 
studies by Ferreira et al (1992) demonstrated a 5() percent 
re(luction in decomposition products when cup l)urner 
plus 20 percent ( nncentrations of F(',-3-1- lO were used in 
a c o l n p a l ' i s o l l  to  c u p  b u t t l e r  c o n c e l l t t a t i o l l S  o l l lv .  

This decomposition issue is not unique to these agents. 
Halon 1301 decomposed into limited quantities of HBr 
and ftF. In a properly designed l lahm 1301 system, the 
quantity of these products wouhl be very small ;tn<l o1 + l i t t l e  
conseqncncc to the cnd user. Aticr dcca<les of experience, 
the quant i ty  <>f decomposi t ion products  gcncra tcd  its 
l la lon 1301 supprcsscd a fire wits not knowrl to have 
caused any dantage. 

The agents described in this standard also will dccont- 
pose into various chemicals. The most c o n u n o n  decmnpo- 
sition product is HF. HF can be it very hazardous suit- 
stance. Theretore+ the system designer st)<>uld make every 
ettort to limit the generation of IIF to the least possil)le 
amount.  This is especially critical in areas where people or 
sensitive eqltipment ntight be present. 

People w<>uld be aware of excessive HF in an area as it gen- 
erates a very objectionable odor. Excessive t lF can be dam,tg- 
ing to sensitive equit)ment :is it can mix with the water vapor in 
the air to ti,t+tn dihtted hvdroflnoric acids that can cause cono- 
sion and accelerated agit{g ofcnntact points. 

Limited (Ilia till deconqmsition prodnct liwmation indi- 
cate that the qnantity of decomposition products tiwnted is 
driven by the size of the fhe at the time of discharge and, 
to at lesser extent, the discharge time. There is insufticient 
data to quantit}' the relationship between discharge tinte or 
fire size and the quantity of decomposition tnodtu ts pro- 
duced. All nonbront ina ted  clean agents produce more 
decomposition products than ttahm 1301. 

Ferreira, et. al. (1992) report that doubling the dis- 
charge time tiom :5 to 10 seconds resuhed in it 30 to 50 
percent increase in tire quantity of decomposition products 
tormed fin + F(:-3-l-I (k increasing the tire size by it t,tctor of 
13 (ti+om 0.087 to 1.17 sq ft of thel sttrface area per 1000 

c u f l  of enclosure vohune) resulted in an 11-fold increase in 
deconqmsition prodncts. Robin (1992) reported similar 
resuhs tor decomposition products as a function of tire 
st/e; increasing the tire size by a titctor of 10 0 i o m  0.06 to 
I).6() sq ft of fuel surface area per 1000 cu ft of enclosure 
w~lume) resulted ill a 20-|bid increase in decomposition 
products fin HFC-227ea, a 16-t+nld increase tor t ia lon 
1301, and  a 5-fold increase tot  H B F C - 2 2 B I .  More 
recenth,  Ferreira, et. al. (199217) report comparable levels 
of decoml)osition products tor F('.-3-1-10 and H 1:C-227ea 
under  various test conditions. 

t lF tormation can be limited by using the shortest dis- 
charge time feasible and employing detection means that 
allow sensing tile tire event in its earliest stages. Where 
damage front potential HF tbrmation may be an issue, the 
installation of more sensitive detection systems may be con- 
sidered. Ltilizing detection devices at spacing closer than 
their maximum rating may be necessary. 

()nce tile determination has been made that there is a 
Ihe and it is time to discharge, a taster discharge will pro- 
duce less decomposit ion products.  A balance must be 
struck between discharge time and the pressure rise in the 
protected area. The overpressure may be reduced by uti- 
lizing more nozzles or through the use of devices that pro- 
tect the area from the fnrce of the discharge. Increasing 
the mnnber  o f  nozzles may reduce tile degree o f  turtm- 
h'nce and local overpressure effects. The designer should 
balance the requirements for quick discharge, linfiting the 
disruption of protected area, with the ntanuihcturer 's  rec- 
O l n l n e n ( h l l i t ) n s  o n  HOW rates. 

Some agents, such as inert gases, will not tbrm decom- 
position products and hence do not require discharge time 
limitations on this basis. However, the increased comtms- 
tion products attd oxygen level reduction associated with 
longer discharge times shnnld be considered. 

Agent mass tlow rates mnst be sufticiently high to canse 
adequate agent mixing and distribution in the contpart- 
ment. In general, this parameter is determined by the list- 
ing of system hardware. 

( )verpressur iza t ion  of tile protec ted  c o m p a r t m e n t  
should also be considered in determining min imum dis- 
charge time. 

()ther secondary flow etti~cts on  personnel and equifmmnt 
include tormation of missiles caused by vet T high discharge 
wlocitics, higher noise levels, lilting ceiling panels, etc. These 
increase if the maximnm discharge time is set too low. 

The maxinnmt 10-see discharge time given in this stan- 
dartl reflects a reasonable value based on experience with 
I lahm 1301 systems. The maximum and min inmm dis- 
charge tittle sh<mld reflect consideration of tile fitctors 
described above. 

For inert gases, the nteasured discharge time is consid- 
ered to be tire time when the measuring device starts to 
record reduction nfoxygen until the design oxygen reduc- 
tion level is achieved. 

A-3-8.2 Special conskleration should be given to saii:tv and 
heahh issues when considering extended discharge systems. 

A-4-2.2 Visual Inspection. 

CAUTION: These guidelines apply only to the external 
inspection of containers continuously in service in the fire 
extingtfishing system, and should not be conthsed with the 
I)OT retest requirements for visual inspection described in 
CFR49, Section 173.34 (e) ( liB. 
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Containers continuously in service without discharging 
should bc given a complete external inspection every five 
years, or more t iequently if required.  The  external visual 
:inspection should bc performed in accordan<'c with guide- 
lines descrihcd in Section 3 ,>f the ( ;ompresscd (;as Associ- 
ation, Inc. (C(;A) panaphlc[ C-6 liiled Standard,/or 17sual 
In.speeti,n ~!/ Compres.sed Gas (;~,lind,'~:~ (Steel). 

For this external inspection Ihe containers should not he 
emptied or s tamped while under  pressure. Some of the 
inspection requirentents specilied in Section 3 of C(;A pam- 
phlet C-6 ntav not apply where it requires internal inspection, 
emptying the ~ cylinder, or measuring tare weight. 

Proper  record keeping is an importanl  part of every 
inspection. The inspect<,r should be guided bv the tollow- 
ing outline to ensure thin the ntininmm iniormation is 
rccorde<t: 

(a) Record "/Tzg. A record tag sh,ml<l hc at tached to 
every container being inspected tbr future rcfi'rcnce. The 
r e c m d  tag should be marked  with da le  of  inspection 
(nlonth/ycar), name of individual(s)and colnl)any perl i)rni- 
ing the inspection, container serial ntlnil)cr> condition of  
the container (e.g., paint, corrosion, dents, gouges, etc.). 
and disposition. 

(b) Itrspeelhm ]¢ei)orl. A stiit,ible inspection t()rln should 
be provided on which at least the tollowing information 
should tie recorded:  date of  inspection (inonth/year) ,  
name of individual(s) and company per torming  llle inspec- 
tion, D()T specification nuniher,  container serial number,  
date of nmnutacture,  dale of previous inspection and/or  
test, type of protective coaling, surface condition (corro- 
sion, dents, gonges, fire damage,  etc.), disposition (satisfiac- 
tory, repaint,  repair,  scrap, etc.). 

A saniple of a suitable Inspection Report Form is shown 
in Appendix  A of C(;A panlphlet  (;-6. 

A copy of the completed inspection report  should he 
given t,> the OWller or the owner's anthorized representa-  
tive with instructions to retain as a permanent  record. 

A-4-5.3 The  method of sealing should not inm~duce any 
new hazards. 

A-4-6.2 Training should cover the following: 

(a) Heahh and safety hazards associated with exposure  
to extinguishing agent caused hv inadvertent svstent dis- 
charge. 

(b) Difticulty in escaping spaces with inward swinging 
doors that are overpressur ized  due to an inadvertent  sys- 
tem discharge. 

(c) Possihle obscurat ion of vision dur ing  syslenl dis- 
charge. 

(d) Need to block open doors ,it all times dur ing main- 
tenance activities. 

(e) Need to verit\' a clear escape path exists to comparl-  
ment access. 

(13 A review of how the system could be accidentally dis- 
charged dur ing  maintenance, inchlding actions reqnired 
by rescue personnel should accidental discharge occur. 

A-4-7.2.2.13 Piping Network Flow Test. ]'he pttrpose is 
to conduct a flow test of short durat ion (also known as a 
"puff  test") through the piping network to determine  that 
(1) the flow is continuous, (2) check valves are proper ly  
oriented,  and (3) the piping and nozzles are unobstructed. 

The flow test should be per tormed nsing gase,ms nitro- 
gen at a pressure not to exceed the normal operat ing prcs- 
SUle of the clean agent system. 

The  nitrogen pressure should be introduce<l in[<:, the 
piping net~ork at fltc clean agent cylinder connccti<m. The  
quantity of n inogen  used for tl~is test should hc stdlicicnt 
t,) verit}' that each and every nozzle is unobstructed.  

Visual indicators should I~e used to verify that nitrogen 
has discharged out of each an<t every nozzle in the svslent. 

A-4-7,2.3 Enclosure Integrity Testing. If the authority 
having.iurisdiction wants to (luaniit} ' the ench)sure's leak- 
age and predicted retention time, Appendix B of NFt 'A 
12A, Standard on ltalon 1301 Fire Extinguishing ,S'vstem.s, may 
he used. A(!iuslntent to the existing f(>rmulas musl be made 
to account lot dittcrcnces in gas density between Hah>n 
1301 and the proposcd ahcrnate  extinguishing agent. Spe- 
cilicallv, Equation 8 in paragraph B-2.7.1.4 of NFPA 12A 
ntusl he m,,dified bv sttbstituling the ahernatc  agent 's gas 
density (in kg/n¢) liw the exisling wtlue of 6,283, which is 
the vaiue tor Hal<m 1301. See Appen<lix B of this stan<lar<l. 

Append ix  B Enclosure  Integrity Procedure  

Thi.~ Appendc~ ~,~ m~l a part o/Ihe reqmrcments o/l/us NFI'A d,,cmm'nl, 
hut i.~ included/m m/m'nmlimml /mrpo,w,~ on~v. 

B-1 Procedure Fundamentals. 

B-I . I  Scope. 

B-I . I .1  This p r o c e d u r e  outl ines a method  to equate  
enclosure leakage as de termincd by a door  fan test procc- 
dnre  to worst case hahm leakage. ] t i c  calculation method 
provided makes it possible to predicl the time it will take 
lot  a descending interlace to tall to a given height or, tor 
the continually inixcd cases, the time ti)r the conccnlration 
to tall to a given percentage concentration. 

B- l . I .2  Ench~surc integrity testing is noi intcnde<t to ver- 
ily other aspects of clean agent system reliability, i.e., ]lard- 
ware operability, agent mixing, hvdraulic calculations, and 
piping integrity. 

B- l . I .3  This procedure  is limited to door  fan technology. 
This is not in tended 1o prechlde ahcrnative technology 
such as acoustk sensors. 

B- I . I .4  This procedure should not be considered to be an 
exact model o t a  discharge test. The contplexity of this proce- 
dure should not (>bscure the tact that most faihnes to hold 
concentration arc duc to the leaks in the lower surlaccs of the 
enclosure, hut the door |hn does not diit;erentiate between 
upper and h>wer leaks. The door lan pr<wides a worst case 
leakage estimate that is very usclul tot enclosurcs with con> 
plcx hidden leaks, hut it w~l] generally require more scaling 
than is necessary 1o pass a discharge test. 

B-1.2 Limitations and Assumptions. 

B-I.2.1 Clean Agent System Enclosure. The tbllowing 
should be considered regarding the clean agent system and 
the enclosure: 

B-I.2.1.1 Clean Agent System Design, This test proce- 
dure c<mcerns only halon total flooding fire suppression 
systems using clean agent and designed,  installed, and 
maintained in acc,>rdance with this standard. 
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B-1.2.1.2 Enclosure Construction. Clean agent  pro-  
tected ench)sures, absent of any containing barriers ahove 
tire false ceiling, are not within the scope of this document.  

B-1.2.1.3 Clean Agent Concentration. Special consider- 
ation should be given to clean agent systems with concen- 
trations greater  than 10 percent where tile concern exists 
that high concentrations may resuh in signiticant overpres- 
sures fi-nnr the discharge event in an enclosure with mini- 
real leakage. 

B-1.2.1.4 Enclosure Height. Specia l  c o n s i d e r a t i o n  
should be given to high enclosures where the static pres- 
sure due to the clean agent c()lumn is higher  than the pres- 
sure possible to attain by means of the door  fan. 

B-1.2.1.5 Static Pressures. Where at all possible, static 
pressure differentials (HVAC system, elevator cnnnettions,  
etc.) across the enclosure enveh)pe should be minimized 
dur ing  the door  tan test. The test can only be relied on tot 
ench)sures having a range of  static pressures outlined in 
B-2-5.2.3. 

B-1.2.2 Door Fan Measurements. The tollowing should 
be considered regarding the door  tan and its associated 
meastlrenlents: 

B-1.2.2.1 Door Fan Standards. Guidance regarding tan 
pressurization apparatus  design, maintenance,  and opera- 
lion is provided by ASTM E779, Standard 7?st Method/or 
Determining Air Leakage Rate b~ Fan Pressurization, and (:AN/ 
CGSB- 149.10-M86, Determination of the Airtigktne,ss ~( Build- 
ing Envelopes t(v the Fan Depressurizalima Method. 

B-1.2.2.2 Attached Volumes. There  can be no signiticant 
attached volumes within or  adjoining the enclosure enve- 
lope that will allow detr imental  halon leakage that would 
not be measured by the door  tma. Such an attached volnme 
would be significant if it is absent of an}' leakage except 
into tile design envelope and is large enough to adversely 
att;ect the design concentration. 

B-1.2.2.3 Return Path. All significant leaks must have an 
unrestricted return path to tile door  fan. 

B-1.2.2.4 Leak Location. The difficuhv in deternfining 
the specific leak location on the enclosure envelope bound- 
aries using the door t~n is accounted tot by assuming hahm 
leakage nccnrs through leaks at the worst locatinn. This is 
when one-half of tile total equivalent leakage area is assumed 
to be at the maxinmm enclosure height and the other hzdf is 
at the lowest point in the enclosure. In cases where tire helow 
thlse ceiling leakage area (BCIA) is measured using B-2-6.2, 
the wdue attained fi)r BCLA is assumed to exist entirely at the 
lowest point in the ench)sure. 

B-1.2.2.5 Technical Judgment. Enclosures with large 
overhead leaks but no significant leaks in the floor slah and 
walls will yield unrealistically short retention tinte predic- 
tinns. Experience has shown that enclosures of this type 
may be capable of  retaining clean agent tot  pro longed 
periods. However, in such cases the authori ty having juris-  
diction may waive the quantitative resuhs in favor of  a 
detailed witnessed leak inspection of  all floors and walls 
with a door  fan and smoke pencil. 

B-1.2.3 Retention Calculations. The tollowing should he 
considered regard ing  the re tent ion calculations and its 
associated theory: 

B-1.2.3.1 Dynamic Discharge Pressures. Losses clue to 
tim dynamic discharge pressures resulting fi'om hahm sys- 
tem actnation are not specifically addressed.  

B-1.2.3.2 Static Pressure. Variable external  static" pres- 
sure differences (wind, etc.) are additive and should be 
considered. 

B-1.2.3.3 Temperature Differences. When temperature  
ditt~erences exceeding 18°F (10°C) exist between the enclosure 
under  test and the other side of the door thn, special consid- 
erations outlined in this document should be considered. 

B-1.2.3.4 Floor  Area. The  floor area is assumed to be the 
volume divided by the maximum height of  tim protected 
enclosure. 

B-1.2.3.5 Descending Interface. The enclosure integrity 
procedure  assumes a sharp interlace. When a clean agent 
is discharged, a uniform nfixture occurs. As leakage takes 
place, air enters the room. Tiffs procedure  assumes tbat 
the incoming air rides on top of tile remaining mixture. In 
reality, tire interlace usually spreads because of diflhsion 
and convection. These eltects are not modeled because of  
their  complexity. Where a wide interlace is present,  the 
descending interface is assumed to be tile mid-point  n f a  
wide interlace zone. Because of  the conservatism built into 
tile procedure,  the effects of interface spreading can be 
ignored.  If  continual mechanical mixing occurs, a descend- 
ing interlace may not be tormed (see B-2-7.1.6). 

B-1.2.3.6 Leak Flow Characteristics. All leak flow is one- 
dimensional and does not take into account stream t'unctions. 

B-1.2.3.7 Leak Flow Direction. A part icular  leak area 
does not have bidirectional flow at any point in time. Flow 
through a leak area is ei ther into or out of the ench)sure. 

B-1.2.3.8 Leak Discharge. Tile outflow fi'om the leak dis- 
charges into an infinitely large space. 

B-1.2.3.9 Leak Locations, Calculat ions are  hased on 
worst case clean agent leak locations. 

B-1.2.3.10 Clean Agent Delivery. T h e  ca lcu la t ions  
assume that ttle design concentration of clean agent  will he 
achieved. If a suspended ceiling exists, it is assumed that 
tile clean agent discharge will not resuh in displacement of 
the ceiling tiles. Increased confidence may be obtained if 
ceiling tiles are clipped within 4 ft of  tile nozzles and all 
per imeter  tiles. 

B-1.3 Definitions. For the purpose  of  Appendix  B, tile 
following definitions are to apply. 

Attached Volumes.  A space within or adjoining the 
enclosure envelope that is m)t protected by halon and can- 
not be provided with a clearly del ined re turn  path. 

Blower. The component of tim door tZan used to move air. 

Ceiling Slab. The boundary  of  the enclosure envelope 
at the highest elevation. 

Column Pressure. The theoretical maximum positive 
pressure created at the floor slab by the column of  the 
halon/air mixtm'e. 

Descending Interface. The enclosure integrity proce- 
dure  assumes a sharp interface. When clean agent  is dis- 
charged,  a uniform mixture occm's. As leakage takes place, 
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air el l iers the roe;n. This procedure assliiiles that the 
i i l co i n i l l g  air rides til l toil o f  ti le r e m a h l h l g  m i x l t i r e ,  h i  
reality, t i le interfhce usually spreads ])ccaiise of diffusion 
ai ld COilvectioli. These elR'cts are llOt modeled hecatisc of  
their conlplexity. \Vhei'e a wide intert;icc is present, the 
descendil/g mlerface is assumed i o b c  lhe nl id-pohl t  of  a 
wide inlerl:acc zone. Because of the conservalisin huih in lo 
Ihe procedure, ti le effecls of  interface spreading can he 
ignored. I f  continual nlechanical mix ing otciirs, a descend- 
ing intert:<ice il lay not be formed. See B-2-7.1.6. 

Door Fan. The device used to pressurize or depressur-  
ize an enclosure envelopc to deternl ine ils leakagc charac- 
teristics. Also called the fan prcssurization apparatus.  

Effective Floor Area. The vohune dividetl by lhe nuix- 
imuni halon protected hcight. 

Effective Flow Area. The area that results in the salne 
[low area sis the existing system of flow areas when it is 
subjected to the sanle pressure dilte'rence over Ihe total 
system of  flow paths. 

Enclosure. The volume being lestcd by the door tan. 
This  inchides the halon pro tec ted  enclosure  and any 
attached volumes. 

Enclosure Envelope. The tloor, walls, ceiling, or roof  
that together  constitute tile enclosure. 

Equivalent Leakage Area (EL M . The total combined 
area of sill leaks, cracks, joints, and porol,s surfaces that act 
:is leakage paths through the enclosure envelope. This is 
represented as lhe theoretical area of a sharp edged or;lice 
that would exist if the flow into or out of the entire enclo- 
sure ;it a given pressure were to pass solely through it. For 
lhe purposes of this docunleni,  the ELA is calculated at Ihe 
cohlmn pressure. 

Fan Pressurization Apparatus. The  device used to 
pressurize or depressurize an enclosure envelope to deter-  
mine its leakage characteristics. Also callctl the door  fan. 

Floor Slab. The boundary of tile encl<lsure envelope al 
the lowest elevation. 

Flow Pressure Gauge. The COml)onent of the door  tan 
used to nleasure the pressure ditt;erence across the blower 
to give a value used in calculating lhe [Imv into or oul of 
lhe enclosure envelope. 

Protected Enclosure. Thc volumc protected I/)" the 
clean agent extinguishing svstenl. 

Maximum Protected Height .  The design height of Ihe 
dean  agent cohunn fronl the thlor slab. This does not 
inch;de the height of unproteclcd ceiling spaces. 

Minimum Protected Height. The niininnun acceptable 
height from the floor slah to which the <tescending inter- 
face is allowed to fall dur ing  the retention tinle as specitied 
hy the authority having jurisdiction. 

Return Path. The palh outside lhe enclosure envelot)e 
ihat allows air to travel to/from the leak tWtiom ihe <h>or tiin. 

Return Path Area. The effeclive flow area thai the air 
hcing ;;loved by ihe door tan must travel lhrough Io coin- 
plete a Ie[urn path back to the leak. 

Room Pressure Gauge. The colnponeni  of  the door  
t~in used to measure the pressure diflTerential across /tie 
eliclosure envelope. 

Static Pressure Difference. The pressure ditt;.'rcntial 
across the enclosure envelope not caused liv tile discharge 
process or liy the weight of  the clean agent. ]+\ positive sialic 
piesstire dilik?rencc indicates that the pressilrt ~ inside /lit' 
ellClOStlrC iS ~real<'r  t han  o i l  ti le oulside, i.e., smoke would 
leave lhe eliciosilrc ,il lilt" enclostire botindarv. 

B-2 Test Procedure. 

B-2.1 Preliminary Preparations. Conlact the in<lividu- 
al(s) responsible tor tile protected enclosure and establish, 
oblain, and provide tile tollowing prelinfinary infi>rmation: 

(a) Provide a description of  tllc lest, 
(b) Advise the dine required,  
(c) Determine die stall  needed (to control tratlic fh)w, 

set tlVAC, etc.), 

(d) Determine tile equipment relluired (e.g., lathlers), 
(e) Obtai,l a description of the t lVAC system, 
(t) Estahlish the existence e r a  false ceiling space and lhe 

size of ceiling tiles, 
(g) Visually determine  lhe readiness of lhe room with 

respect to die coinplel ion of  obvious sealing, 
(hi l )eternl inc i f  contlicl with other bui ld ing trades wil l 

(I( ( u r ,  

(i) l )e termine the size of doorways, 
(i) l )e termhlc  the existence of  adequate return p a d i  

area ouiside the enclostire el ivelope used Io accepl or sup- 
l / l )  ' the door  [an air, 

(k) Evahuite o lher  conflicting activities in and around 
space (e.g., in terrupt ion io tile facilily being tested), 

(I) Ohtain appropr ia te  archileclural  I IVAC and halon 
system design docunlenls. 

B-2.2 Equipment Required. The tollowing equipmenl  
is required to test all enchlsure using ].ill pressurizalion 
technology. 

B-2.2.1 Door Fan System. 

B-2.2.1.1 The  door  fan(s) should have a total airll<lw 
capacity capable of  producing a pressure <liltbrencc ;it least 
equal  to the predicted coh l i i l i l  p leSsi l re o r  l i t  Pa, which- 
ever  is g rea le r .  

B-2.2.1.2 T h e  [hit shou ld  } lave a va r iab le  speed co ; t i ro l  Oi" 
a control damper in series with the tan. 

B-2.2.1.3 The liin should lie calihraled in airf low /ill;IS or 
he COll i lecled to ;lit airt low l l l e i e r i l l g  svslei l l .  

B-2.2.1.4 The acctiracy o fa i r l l ow  i l leasurei l iei i t  should lit, 
+ .~ percenl of  lht" meastii'ed [low rale. 

B-2,2,1.5 The rooi l l  piessiire gaiige shoull l  he capahle <if 
ineastiring press;ire di[tTerences fro;it 0 Pa lo  ,it least 50 Pa. 
l i  should have all acctiracv of 4- I Pa and divisions of  2 Pa 
or less. Incl ined oil-f i l led lilanOlileters are considered to lit, 
traceable I o a  pi+ililary slandard and need not he ca l f  
l/rated. All olhel t/ressllre-li ieastlrenlenl apparatus (e.g., 
electronic transducer or niagnehelic) should lie calibrated 
ai Icasl yearly. 
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B-2.2.1.6 Door lira systems should be checked for calibra- 
tion every 5 vears under  controlled couditions, and a cer- 
tilicaw should he available for inspection at all integrity 
tests. Tim calibration should be perlormed according to 
manulacturer 's  specitications. 

l h e  certiticate should include the following: 

(at Description of calihration tacility and responsible 
technician. 

(h) l)ate of calibration and serial numher  of door tan. 

It) Room pressure gauge error estimates at 8, 10, 12, 
15, 20, and 40 Pa measured by both ascending and 
descending pressures (minimum). 

(d) Fan calibration at a minimum of 3 leakage areas 
(approximate): (I.5, 0.25, and 0.05 s< I m measured at a 
pressure of 10 Pa. 

B-2.2.1.7 A second blower or muhiple bl<)wers with tlex 
duct and panel to tlow to above-ceiling spaces is optional. 

B-2.2.2 Accessories. The follnwi,lg equipment  is also 
uselul: 

(at Smoke pencil, fully charged (we Caution), 

CAUTION: Use of chemically generated smoke as ,t 
me;ms of leak detection may resuh in a¢ fiwnion M building 
or halon system smoke detectors. Appropriate precautions 
sh,uld be ' lakcn. [)tie to corrosive IlattllC Of the smoke, it 
sh~mld be used sparingly. 

(b) Bright light source, 

(c) Floor tile lifter, 

(d) Measuring tape, 

(e) Masking or duct tape, 
(t) Test forms, 

(g) Multi-tip screwdrivers, 

(h) Shop knilb or utility knit}e, 

(i) Several sheets of thin plastic and cardboard, 

(j) Door stops, 

(k) Signs tu post on doors that say "D() N()T SHUT 
[)()()R--FAN TEST IN PR()(;RESS" or "DO NOI'  ()PEN 
D()()R-- FAN TEST 1N PR( )GRESS," 

(I) Thermomeler .  

B-2.2.3 Field Calibration Check. 

B-2.2.3.1 This procedure enables the authority having 
jurisdiction to oblain an indication of the door tan and svs- 
tern calihration accuracy upon request. 

B-2.2.3.2 The lield calihration check should be done in a 
separate enclosure. Seal off any I t VAC registers and grilles it 
present. Install tile door t:an per manutiwturer's instructions 
and B-2.4. Determine ifa static pressure exists using B-2.5.2. 
(~heck openings across the enclosure era'elope for airtlow 
with chemical smoke. If any appreciable ttow <w pressure 
exists, choose another room or eliminatc the source. 

B-2.2.3.3 Install a piece of rigid material less than I/s in. 
thickness (fiee of any penetrations) in an unused blower 
port or other convenient enclosure opening large enough 
to accept an approximately 0.Ol-sq m sharp edge round or 
~quare opening. 

B-2.2.3.4 Ensure that the door tml flow measurement sys- 
tem is t u rned  to proper ly  measure  pressurizat ion or 
depressurization and operate tile blower to achieve a con- 
venient pressure dit];erential, preferably 10 Pa. 

B-2.2.3.5 At the pressure achieved, measure the flow and 
calibrate an initial EIA value using B-2.6.3. Repeat the 
EI~-~ measurement under  positive pressure and average 
tile two results. 

B-2.2.3.6 Create a sharp-edged, round,  or square open- 
ing in the rigid material. The area of this opening should 
be at least 33 percent of the initial EL~ measured. Typic!]l 
opening sizes are approximately 0.05, 0.1, and 0.2 m ~, 
depending on tim initial leakage of the enclosure. Adjust 
the hlower to the previously used positive or negative pres- 
sure ditferential. Measure the tlows and calculate an aver- 
age ELA value using B-2.6.3. 

B-2.2.3.7 Field calihration is acceptable if the difference 
hetween the tirst and second ELA value is within + 15 per- 
cent of the hole area cut in the rigid material, If the diiter- 
ence in E1A values is greater than + 15 percent, the door 
tan apparatus should be re-calibrated according to tim 
m a n u f a c t u r e r ' s  r e c o m m e n d a t i o n s  and  e i the r  ASTM 
E 779-81 or (:AN/C(;SB- 149.10-M86. 

B-2.3 Initial Enclosure Evaluation. 

B-2.3.1 Inspection.  

B-2.3.1.1 Note the areas outside the enclosure envelope 
that will he used to supply or accept the door t~an air. 

B-2.3.1.2 Inspect all openable doors, batches, and movable 
partitions tor their ability to remain shut during the test. 

B-2.3.1.3 Obtain or generate a sketch of the floor plan 
showing walls, doorways, and ~lle rooms connected to the 
test space. Numher or name each doorway. 

B-2.3.1.4 l,ook for large attached volumes open to the 
test space via the floor or walls of the test space. Note vol- 
umes and apparent open connecting areas. 

B-2.3.1.5 Check tloor drains and sink drains for traps 
with liquid. 

B-2.3.2 Measurement o f  Enclosure.  

B-2.3.2.1 Measure the clean agent protected enclosure 
volume. Record all dimensions, l)educt the w)lume of large 
solid objects to ohtain the net w)lume. 

B-2.3.2.2 Measure the highest point in the clean agent 
protected enclosure. 

B-2.3.2.3 Calculate the ettective tloor area hy dividing the 
net halon protected volume by the maximum clean agent 
protected enclosure height. 

B-2.3.3 Preparation. 

B-2.3.3.1 Advise supervisory personnel in the area ahout 
the details of the test. 

B-2.3.3.2 Remove papers and objects likely to be all;coted 
by the air currents ['toni the discharge of tile door fan. 

B-2.3.3.3 Secure all doorways and openings  as for a 
halon discharge. Post personnel to ensure they stay shut/ 
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open. ()pen doolwa'¢s inside l i l t  protected enchlstire evcn 
lhoug] l  i] lev niav ])c'chlscd up~lil disc]l; i lgc, 

B-2.3.3.4 (',et l] ie ilSCi"s l)crsonilcl and/or the ]lah)n COli- 
i raclor to set up thc room in the saillc slale as whci l  a dis- 
C]lal'g(" would ~lcct<r, i.c., HVAC Slltll dOWll, dal l ipers 
closed, c[c. Co l l l i l l l l  l | ial  sill (|allll)ClS ;l l ld closcallle opell- 
|Jigs aie in the dischargc |node position. 

B-2.4 Door Fan Installation. 

B-2.4.1 The  door  fan appara tus  general ly  consists of ;l 
sitigle (hi<)r |~in. A doutl le or nluhip le d<)()l" |;il l fi)t + larger 
spaces or f<ir neu t la l i / i i lg  leakage thr<)ugh a suspended  
ceiling may 1)e liSCd |ol+ certain apl)lications. 

B-2.4.2 Set tip olie l / lower u i i i i  in ihc liiosl COliVeliielit 
doorway lcadi l lg i i l io  Ihc space. (;lloose the dooiwav lhal 
opeils ilitO the largesl lC l t l i l l  paih alea. Considerat ion 
should l i t  + given to individuals requi r ing access into or oi i l  
of  dlc thcilitv. 

B-2.4.3 Follow lilt" iil{liitll{tcttii'ci",~ instrut t ions l+cgardillg 
setup. 

B-2.4.4 Exai l l i l ic  thc scaling aro i i l id  ihc f loor (hcf<)le 
door |{ill i i ls lalhi l ion) thai the door t{ili wil l  bc n lounled i l l  
lo dctevni i l le i fs igni t icant leakage exists, l [s ign i f ican i  leaks 
ale li)un<l ihcv should lie correctc<l. It i i ic  ilaanlll:,iClilYeY's 
,slated door i;tii scaling SVSILelii leakage is lc'ss I l lan ti lt '  
appalcnl  re i l ia i i ih ig  leakage ot  ihc dooiwav, ihe dittcl 'eilt e 
i/iilSl I)+," added ttl the lcakagc calculaicd in 1/-7.6 (sec 
B-2.6.7.5). 

B-2.4.5 l+~liStll'C ;ill plC~,stirc g;iugt's ;ll'e leveled al ld 
zcYocd p r io i  io connecl ing iheni to thc t{tli apparalu,~. This 
should I)c done t'p,' fil'sl genl ly i ) lowi l ig into or drawit ig 
t lOi l i  ihc ttlt)Cs leading io die prcsstile ~aiiges so lhe lict'- 
dlc f lu id or leadout i i iovcs Ih io t igh its el l [ ire spail ai ld 
slavs al the l l lax i i l / l im gatige lcadi l ig  t{ll- ]0 sCCOlidS. This 
COllfirllis pl+OpCl" gaugc opcratiol i .  I f  ushlg a ill:Aglieheli( 
<~;<LIgC, gcllt]) tap the gatlgc face t~>l 10 sct'ol]ds. With both 
p<lrts o lcach ga/igt' <>i/ lilt" sainc side ol+lhc doorway (usil lg 
lllt)es i f  iiecessai+v), zcl'o I|/C gauges with thch par l ic t i la l  
<<¢[justing niethod. 

B-2.4.6 ( ]on l lcc t  the lu l l |J ig | i)r thc I'OI)111 pI'eS~,UI'C gat<gc. 
Ensiirc lhe iti l)c is ai ihc f loor slab elevalioil aild cxicnds 
al least 10 fl awav froin l l le oul lel  side of  |he door |{iii 
I>lowcr, ~il,;av ] io i l l  its air s l icai i i  path aiid ~lWaV t io in sill 
signif icant air SllC~illlS (i.e., I1VA( '  aivthlws or openings 
where ah[h>w could in ip inge +,)11 thc tulle). 

B=2.4.7 Fhc  door fall should lie alTallgcd io al lcrnatclv 
blow otil of  ldepres+~uri/c) arid I/h>w i i l lo  Ihe space (prcs- 
suii?'c). Both riica,stlleilicillS s|iou]d |)c lakcl l  as described 
il l B-7.(~. 

B-2.5 Door Fan Enclosure Evaluation. 

B-2.5.1 Pressure Runup Inspection. 

B-2.5.1.1 Activatc the blower and  at!just the enclosure  
piessurc to negative 17~ Pa or n/ax imuni  negalivc achiev- 
able (up it) 15 Pal. 

B-2.5.1.2 Inspect all dainpct+,s with Siliokc to CliStilC they, 
ai-c closii ig propel Iv.  Recoid protl lcnls And notitt, + in<livi<l- 
<ia|s resllonsiblc fi>r t i ic enthlsurc of  the l)lot)lenl+s. 

B-2.5.1.3 Inspect doors aiid hatches t<> cns<<tc C<)l+rcct clo- 
StllC. Rec<ll<l plOlilt ' l l iS ai id not | f \  in<|ivi<hials rcsponsil)le 
fi>r the ei l t ioSti le i l l  the l/rol)leinsl 

B-2.5.1.4 ltisl)CCl thc wall I)el'ililelCl" (<ll>ove ;i i ld l ic low 
t i ic false thior) and the tioor sial) f i i r  lil:!j~ll leaks. Notc 
location and size o1 ll l l t jOl leaks. Track down ulai~lr airf low 
C t If+|+ell L'.;+ 

B-2.5.2 Static Pressure Measurement. 

B-2.5.2.1 Seal the bh+wcr o p e n i n g  with 1lie ch>ov fan 
pr<lperly ins ta l led  but  wi thout  tile blower  o p c r a t i n g  +. 
()t)scrvc tile roonJ pressure gauge flit :it least 30 set+ l,ook 
tor minor  f luctuations ill l/VCssurc. 

B-2.5.2.2 Unt lc l  <lischargc conditi<m+s, ine;<st,c the worst 
t',<se (grcatest) pressure  ditiercntial  (lib,;ill acl+(~Ns ~+< seclion of 
cnvclopc con ta in ing  the lalgest quant i ty  of leaks cxpcctc<l 
to leak hah>n. If the sublh~or is prcssurizcd :it dischargt ' ,  
mcasurc  the differential between tilt" sttblh><lr and  outside 
the cnvelopc.  ('+:ill this valuc l'sl I (Ior static at discharge). 
l )e tcrn l inc  the flow direction with smoke or olhel indic:<i- 
ing n~eth,<l+ 

B-2.5.2.3 I f the  +static pressure (I'xH) has an al/solutc vahle 
greater  tllall 25 percent  of the co lumn pressure  calculated 
in B-2.6.1.3 it nlust be p c r n l a n e n t l )  reduced.  Large static 
pl'cs.stll'CS dccre;Isc thc level <)|+ ccrtaill[v inheren t  in lhis 
pvoccdurc.  l ' h c  most couunon  causes i~f excessive static 
prcssurc  arc lcak~, damper,',, <lu<ls, and  |a l lure  to shu[ 
down ai r -handl i i lg  equipnlcnt  servhig the enclosure. 

B-'2.5.2A Record the posil ion of  :ill doolWayS, whether 
opcn of  si iul,  when lhc Sialit pressulc (P~ti) was mcasure<l. 

B-2.6 Door Fan Measurement. 

B-2.6.1 Total Enclosure Leakage Method. 

B-2.6.1.1 Thi~, lne lhod dclernl ines  the cquivalen! leakage 
area of the cnt i rc  enclosure  envelope.  It is dc tc rn l ined  by 
lncastll 'illg the Clicl~sul+c leakage IllldeF both positive and  
ncga t ivc  ])rcssuvcs and  avc ragh /g  thc t c ad ings .  Th i s  
approach is usc<l ill or<toy to minimize thc inf lucuce o[ 
static prcssulcs  oil tile El=\ c,llculati<m. 

B-2.6.1.2 

(a) Bhwk open  all d<~olwavs a round  the euc los ,vc  and  
post pcrsc>nncl to e n s u l c  lhey s[;,l~/ opcFl. 

(b) Ellsurc a<lC<luate re tu rn  p:Ith area is provided to 
;lllow an tmrestvictcd re tu rn  airflow path llack to the door  
f~an |+r<ml cn¢ h)sttvc leaks. 

(c) Rclnovc 1 pcrcclll  o f l h c  tloor tiles (fi)r tillsc floors)i[ 
an equivalctlt  area is not ahcady  open.  

(d) I f agent  is dr 'signed to dischargt" al:,,~','c the lalse ceil- 
lug, rcnlove ] pcv,~cnt <d tilt" ceiling tiles+ 

(el Rcmeasurc  the static ptcssurc  (PSl) at the tittle of tilt" 
door  fan test. bctwccn the t<><>m (not l)clow tile falsc [h><>t) 
alld Ihe I+Ctlll'll t;,alh spa<c. 

(t) Make cvcr~• el l i)r l  to lcducc the static pressul+c (Psi) 
1)+'+' shtltlillg dl,)Wll a i r -handl ing  cquipulent  cvcn though it 
nlay opt ' rate  d u r i n g  discharge. 

(g) Record l><,l und de teru l ine  its direction using stnokc 
o1 c~thel iiiUalD,+ 

(h) Record the position of each <hiovwav. open/shut .  
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(i) If tile static pressure fluctuates due to wind, use a 
wind damping system incorporating 4 averaging tubes on 
eacb side of the building to eliminate its elt?ects. Ttte (3AN/ 
C(;SB- 149.10-M86 standard may be used. 

(j) l fa  subth)ur pressurization airhandler can,tot be shut 
down for the test and leaks exist in the subtloor, these leaks 
may not be accurately measured. Every attempt should be 
made to reduce subfloor leaks to insignificance. During the 
test as many th)or tiles as possible should be lifted to reduce 
tile amount  of sublloor pressurization. Note that under  
such conditions the Suspended Ceiling l,eakage Neutral- 
ization Method will be difficuh to conduct due to massive 
;lit turbulence in the room. 

CAUTION: The renmval of raised floor tiles creates a 
serious safi'tv hazard. Appropriate precautions should be 
taken. 

B-2.6.1.3 Calculate the column pressure in the clean 
agent protected enclosure using the following equation: 

P, = g t t , ,  ( r  m - ra )  ( 1 )  

Where: 
Pt 
g = 

H o 

rl l  I = 

Pressure due to tim balon colmnn (Pa) 
Acceleration due to gravity (9.81 M/see ~) 
Height of protected enclosure (m) 
Clean agent/air mixture density (kg/m :~, see 
equation 9) 

r,, = Air density, ~..,,,~¢! ,~n,) kg/m:~). 

If the calculated column pressure is less than 10 t'a, use 
10 Pa as the cohnnn pressure. 

B-2.6.1.4 Depressurize the enclosure with a door fan 
blower(s) till the measured pressure diftierential reading on 
the gauge (Pro) goes through a total pressure reduction 
(dP.,) equal to the column pressure (Pc). As an example, if' 
tile static pressure (PsT) measured in B-2.6.1.2 was _+ 1 Pa, 
and the calculated column pressure is 10 Pa, blow air out 
of the room until a Pm of -+ 11 Pa is obtained. If the static 
pressure (PsT) was + 1 Pa, attd the calcnlated column pres- 
sure is 10 Pa, blow air out of the room until a Pm of --+9 Pa 
is obtained. If nsing magnehelic gauges, tap both the room 
pressure and flow pressure ganges tot 10 sec each. Wait a 
further 30 sec before taking the readings. 

B-2.6.1.5 Measure the airflow (Qu) required to obtain the 
pressure reduction (dPm) required. It is important to ensure 
[hat manufacturer instructions are followed to ensure that air- 
flow is accurately measured with respect to direction of flow. 

B-2.6.1.6 The pressure reduction generated dP m may be 
up to 30 percent greater, but not lower in absolute villue 
than tbe calculated column pressure. 

B-2.6.1.7 Repeat B-2.6.1.4 through B-2,6.1.6 while pres- 
surizing the enclosure. As an example, if tile static pressure 
(PsT) measured in B-2.6.1.2 is +_ 1 Pa, and the calculated 
cohunn pressure is 10 Pa, blow air into the room t, ntil +9  
Pa is obtained. If the static pressure is + 1 Pa, and tbe cal- 
culated colunm pressure is 10 l'a, blow air into the room 
until + 11 Pa is obtained. 

B-2.6.1.8 Ensure that tile door thn flow measurement sys- 
tem is actually turned around between tests to properly 
measure pressurization or depresst.rization and that the 
motor rotation is not simply reversed. Ensure that the air- 
flow entering the room is not deflected upward, which may 
cause liliing of any existing ceiling tiles. 

B-2.6.1.9 Measure t i le air tmnperature within t im ench)- 
sure (T l) and outside the enclosure (To). 

B-2.6 .2  S u s p e n d e d  C e i l i n g  Leakage  N e u t r a l i z a t i o n  
Method (Optional). 

B-2.6.2.1 Where an unobs t ruc ted  suspended  ceiling 
exists, tile leakage area below tile ceiling may optionally be 
measured by neutralizing ceiling leaks. This method may 
provide a more accurate estimate of leakage rates. This 
method should not be used if the walls between rooms 
within the zone are sealed at the ceiling slab. This method 
cannot be used when the system is designed to protect 
above this suspended ceiling. This test method does not 
imply that leakage above the suspended ceiling is accept- 
able. This technique may be difficult or impossible to pet- 
torm under  the tbllowing conditions: 

(a) Adr movement within the room may make it ditticuh 
to observe neutralization, particularly in small rooms. 

(b) Obstruct ions  above tile suspended  ceiling, i.e., 
beams, ducts, and partitions, may make it dilficuh to obtain 
uniform neutralization. 

(c) Limited clearance above the suspended ceiling, e.g., 
less than 1 ft, may make it difticuh to obtain neutralization. 

B-2.6.2.2 If not already done, obtain the Equivalent 
I+eakage Area of tile protected enclosure using tile total 
enclosure leakage method in B-2.6.1. 

B-2.6.2.3 Ceiling level supply registers and return grilles 
may be temporari ly  sealed off" to increase the accuracy of 
this method. If sealed, PsT sbould be remeasured. 

N()TE: Temporary sealing of suth openings is not per- 
mined when conducting a Total Enclosure lx,akage Test. 

B-2.6.2.4 Install two separate door tans or a muhiple 
blower door fan witlt one blower ducted to the above sus- 
pended ceiling space and the other into the room space 
below the suspended ceiling. It is not necessary to measure 
airflow through the upper  fan. 

B-2.6.2.5 l)epressurize above and below the suspended 
ceiling by adjusting two separate blowers until the required 
pressure reduction and suspended ceiling leak neutraliza- 
tion (i.e., no airflow through the suspended ceiling) is 
achieved. 

Leaks are neutralized when, at opened locations ill the 
suspended ceiling, smoke does not move up or down when 
emitted within V4 in. of the openings. If neutralization is 
not possible at all locations, ensure that either smoke does 
nut move or moves down (but not up). Choose undis- 
turbed locations away from flex duct flows, airstreams, and 
lighting fixtures because local air velocities make neutral- 
ization difficult to detect. 

B-2.6.2.6 Measure the airflow (Q.) througlt the fan that is 
depressurizing the volume below the false ceiling to obtain 
the pressure reduction (dPm) required. 

B-2.6.2.7 The pressure reduction generated in the vol- 
ume below the false ceiling may be up to 30 percent 
greater, but not lower in absolute vahte, than the calcn- 
lated cohnnn pressure. 

B-2.6.2.8 Repeat B-2.6.2.5 through B-2.6.2.7 while pres- 
surizing the enclosure, except smoke either does not move 
or moves up but not down. 
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