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 c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” ) ,  o f wh i c h  th e  d o c u m e n t
c o n tai n e d  h e r e i n  i s  o n e ,  ar e  d e ve l o p e d  th r o u g h  a c o n s e n s u s  s tan d ar d s  d e ve l o p m e n t p r o c e s s  ap p r o ve d  b y th e
Am e r i c an  N ati o n al  S tan d ar d s  I n s ti tu te .  T h i s  p r o c e s s  b r i n g s  to g e th e r  vo l u n te e r s  r e p r e s e n ti n g  var i e d  vi e wp o i n ts
an d  i n te r e s ts  to  ac h i e ve  c o n s e n s u s  o n  fre  an d  o th e r  s afe ty i s s u e s .  Wh i l e  th e  N F PA ad m i n i s te r s  th e  p r o c e s s  an d
e s tab l i s h e s  r u l e s  to  p r o m o te  fai r n e s s  i n  th e  d e ve l o p m e n t o f c o n s e n s u s ,  i t d o e s  n o t i n d e p e n d e n tl y te s t,  e val u ate ,  o r
ve r i fy th e  ac c u r ac y o f an y i n fo r m ati o n  o r  th e  s o u n d n e s s  o f an y j u d g m e n ts  c o n tai n e d  i n  N F PA S tan d ar d s .

T h e  N FPA d i s c l ai m s  l i ab i l i ty fo r  an y p e r s o n al  i n j u r y,  p r o p e r ty,  o r  o th e r  d am ag e s  o f an y n atu r e  wh ats o e ve r,
wh e th e r  s p e c i al ,  i n d i r e c t,  c o n s e q u e n ti al  o r  c o m p e n s ato r y,  d i r e c tl y o r  i n d i r e c tl y r e s u l ti n g  fr o m  th e  p u b l i c ati o n ,  u s e
o f,  o r  r e l i an c e  o n  N F PA S tan d ar d s .  T h e  N F PA al s o  m ake s  n o  g u ar an ty o r  war r an ty as  to  th e  ac c u r ac y o r
c o m p l e te n e s s  o f an y i n fo r m ati o n  p u b l i s h e d  h e r e i n .

I n  i s s u i n g  an d  m aki n g  N F PA S tan d ar d s  avai l ab l e ,  th e  N F PA i s  n o t u n d e r taki n g  to  r e n d e r  p r o fe s s i o n al  o r  o th e r
s e r vi c e s  fo r  o r  o n  b e h al f o f an y p e r s o n  o r  e n ti ty.  N o r  i s  th e  N F PA u n d e r taki n g  to  p e r fo r m  an y d u ty o we d  b y an y
p e r s o n  o r e n ti ty to  s o m e o n e  e l s e .  An yo n e  u s i n g  th i s  d o c u m e n t s h o u l d  r e l y o n  h i s  o r  h e r  o wn  i n d e p e n d e n t
j u d g m e n t o r,  as  ap p r o p r i ate ,  s e e k th e  ad vi c e  o f a c o m p e te n t p r o fe s s i o n al  i n  d e te r m i n i n g  th e  e x e r c i s e  o f
r e as o n ab l e  c ar e  i n  an y g i ve n  c i r c u m s tan c e s .

T h e  N FPA h as  n o  p o we r,  n o r  d o e s  i t u n d e r take ,  to  p o l i c e  o r  e n fo r c e  c o m p l i an c e  wi th  th e  c o n te n ts  o f N F PA
S tan d ar d s .  N o r  d o e s  th e  N F PA l i s t,  c e r ti fy,  te s t,  o r  i n s p e c t p r o d u c ts ,  d e s i g n s ,  o r  i n s tal l ati o n s  fo r  c o m p l i an c e  wi th
th i s  d o c u m e n t.  An y certifcation  o r  o th e r  s tate m e n t o f c o m p l i an c e  wi th  th e  r e q u i r e m e n ts  o f th i s  d o c u m e n t s h al l
n o t b e  attr i b u tab l e  to  th e  N F PA an d  i s  s o l e l y th e  r e s p o n s i b i l i ty o f th e  certifer  o r  m ake r  o f th e  s tate m e n t.

RE VI S I O N  S YM B O L S  I D E N T I FYI N G  C H AN G E S  FRO M  T H E  P RE VI O U S  E D I T I O N

Te x t r e vi s i o n s  ar e  s h ad e d .  A Δ  b e fo r e  a s e c ti o n  n u m b e r  i n d i c ate s  th at wo r d s  wi th i n  th at s e c ti o n  we r e
d e l e te d  an d  a Δ  to  th e  l e ft o f a tab l e  o r  fgure  n u m b e r  i n d i c ate s  a r e vi s i o n  to  an  e x i s ti n g  tab l e  o r
fgure.  Wh e n  a c h ap te r  was  h e avi l y r e vi s e d ,  th e  e n ti r e  c h ap te r  i s  m ar ke d  th r o u g h o u t wi th  th e  Δ

s ym b o l .  Wh e r e  o n e  o r  m o r e  s e c ti o n s  we r e  d e l e te d ,  a •  i s  p l ac e d  b e twe e n  th e  r e m ai n i n g  s e c ti o n s .
C h ap te r s ,  an n e x e s ,  s e c ti o n s ,  fgures,  an d  tab l e s  th at ar e  n e w ar e  i n d i c ate d  wi th  an  N.

N o te  th at th e s e  i n d i c ato r s  ar e  a g u i d e .  Re ar r an g e m e n t o f s e c ti o n s  m ay n o t b e  c ap tu r e d  i n  th e
m ar ku p ,  b u t u s e r s  c an  vi e w c o m p l e te  r e vi s i o n  d e tai l s  i n  th e  F i r s t an d  S e c o n d  D r aft Re p o r ts  l o c ate d  i n
th e  ar c h i ve d  r e vi s i o n  i n fo r m ati o n  s e c ti o n  o f e ac h  c o d e  at www. n fp a. o r g / d o c i n fo .  An y s u b s e q u e n t
c h an g e s  fr o m  th e  N F PA Te c h n i c al  M e e ti n g ,  Te n tati ve  I n te r i m  Am e n d m e n ts ,  an d  E r rata ar e  al s o
l o c ate d  th e r e .

RE M I N D E R:  U P D AT I N G  O F N FPA S TAN D ARD S

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” )  s h o u l d  b e
a war e  th at th e s e  d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u an c e  o f a n e w e d i ti o n ,  m ay b e
a m e n d e d  wi th  th e  i s s u an c e  o f Te n tati ve  I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r ata.  I t i s
i n te n d e d  th at th r o u g h  r e g u l ar  r e vi s i o n s  an d  am e n d m e n ts ,  p ar ti c i p an ts  i n  th e  N F PA s tan d ar d s
d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n -c u r r e n t an d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,  m ate r i al s ,
te c h n o l o g i e s ,  i n n o vati o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  an d  th at N F PA S tan d ar d s  refect
th i s  c o n s i d e r ati o n .  T h e r e fo r e ,  an y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n g e r  r e p r e s e n ts  th e  c u r r e n t
N F PA S tan d ar d  o n  th e  s u b j e c t m atte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n
o f an y N F PA S tan d ar d  [ as  i t m ay b e  am e n d e d  b y T I A( s )  o r  E r r ata]  to  take  ad van tag e  o f c u r r e n t
e x p e r i e n c e  an d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  at an y p o i n t i n  ti m e  c o n s i s ts  o f th e  c u r r e n t
e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r ata th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  an  N F PA S tan d ar d  h as  b e e n  am e n d e d  th r o u g h  th e  i s s u an c e  o f T I As  o r
c o rr e c te d  b y E r r ata,  vi s i t th e  “ C o d e s  &  S tan d ar d s ”  s e c ti o n  at www. n fp a. o r g .
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U p d ati n g o f N FPA S tan d ard s

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r a c ti c e s ,  an d  g u i d e s  ( “ N F PA S ta n d a r d s ” )  s h o u l d  b e  awar e  th a t th e s e
d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u a n c e  o f a  n e w e d i ti o n ,  m ay b e  am e n d e d  wi th  th e  i s s u an c e  o f Te n ta ti ve
I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r a ta .  I t i s  i n te n d e d  th at th r o u g h  r e gu l ar  r e vi s i o n s  an d  a m e n d m e n ts ,
p arti c i p an ts  i n  th e  N F PA s tan d ar d s  d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n - c u r r e n t a n d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,
m ate r i al s ,  te c h n o l o g i e s ,  i n n o va ti o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  a n d  th a t N F PA S tan d ar d s  refect th i s
c o n s i d e r ati o n .  T h e r e fo r e ,  a n y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n ge r  r e p r e s e n ts  th e  c u r r e n t N F PA S ta n d a r d  o n  th e
s u b j e c t m a tte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n  o f an y N F PA S ta n d ar d  [ as  i t m a y b e  am e n d e d
b y T I A( s )  o r  E r r a ta ]  to  ta ke  a d van tag e  o f c u r r e n t e x p e r i e n c e  a n d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  a t a n y p o i n t i n
ti m e  c o n s i s ts  o f th e  c u r r e n t e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r a ta  th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  a n  N F PA S ta n d a r d  h as  b e e n  a m e n d e d  th r o u g h  th e  i s s u a n c e  o f T I As  o r  c o r r e c te d  b y E r r ata,  vi s i t th e
“ C o d e s  &  S tan d ar d s ”  s e c ti o n  a t www. n fp a. o r g .

I n te rp re tati o n s  o f N FPA S tan d ard s

A s tate m e n t,  wr i tte n  o r  o r al ,  th at i s  n o t p r o c e s s e d  i n  ac c o r d an c e  wi th  S e c ti o n  6  o f th e  Re gu l ati o n s  Go ve r n i n g th e
D e ve l o p m e n t o f N F PA S ta n d ar d s  s h a l l  n o t b e  c o n s i d e r e d  th e  offcial  p o s i ti o n  o f N F PA o r  a n y o f i ts  C o m m i tte e s  an d  s h a l l  n o t
b e  c o n s i d e r e d  to  b e ,  n o r  b e  r e l i e d  u p o n  as ,  a F o r m al  I n te r p r e tati o n .

P ate n ts

T h e  N F PA d o e s  n o t ta ke  an y p o s i ti o n  wi th  r e s p e c t to  th e  va l i d i ty o f an y p ate n t r i gh ts  r e fe r e n c e d  i n ,  r e l a te d  to ,  o r  a s s e r te d  i n
c o n n e c ti o n  wi th  a n  N F PA S ta n d a r d .  T h e  u s e r s  o f N F PA S tan d ar d s  b e ar  th e  s o l e  r e s p o n s i b i l i ty fo r  d e te r m i n i n g  th e  val i d i ty o f
a n y s u c h  p a te n t r i g h ts ,  as  we l l  as  th e  r i s k o f i n fr i n g e m e n t o f s u c h  r i g h ts ,  an d  th e  N F PA d i s c l a i m s  l i a b i l i ty fo r  th e  i n fr i n ge m e n t
o f an y p ate n t r e s u l ti n g fr o m  th e  u s e  o f o r  r e l i a n c e  o n  N F PA S tan d a r d s .

N F PA ad h e r e s  to  th e  p o l i c y o f th e  Am e r i c an  N ati o n al  S tan d a r d s  I n s ti tu te  ( AN S I )  r e g ar d i n g th e  i n c l u s i o n  o f p ate n ts  i n
Am e r i c a n  N a ti o n a l  S ta n d ar d s  ( “ th e  AN S I  P a te n t P o l i c y” ) ,  an d  h e r e b y gi ve s  th e  fo l l o wi n g n o ti c e  p u r s u an t to  th a t p o l i c y:

N O T I C E :  T h e  u s e r ’ s  atte n ti o n  i s  c al l e d  to  th e  p o s s i b i l i ty th at c o m p l i a n c e  wi th  a n  N F PA S ta n d ar d  m a y r e q u i r e  u s e  o f an
i n ve n ti o n  c o ve r e d  b y p ate n t r i gh ts .  N F PA take s  n o  p o s i ti o n  as  to  th e  val i d i ty o f a n y s u c h  p a te n t r i g h ts  o r  a s  to  wh e th e r  s u c h
p ate n t r i gh ts  c o n s ti tu te  o r  i n c l u d e  e s s e n ti al  p ate n t c l a i m s  u n d e r  th e  AN S I  P ate n t P o l i c y.  I f,  i n  c o n n e c ti o n  wi th  th e  AN S I  P a te n t
P o l i c y,  a  p ate n t h o l d e r  h as  fled  a  s tate m e n t o f wi l l i n g n e s s  to  g r an t l i c e n s e s  u n d e r  th e s e  r i gh ts  o n  r e a s o n a b l e  an d
n o n d i s c r i m i n a to r y te r m s  an d  c o n d i ti o n s  to  ap p l i c a n ts  d e s i r i n g  to  o b tai n  s u c h  a  l i c e n s e ,  c o p i e s  o f s u c h  fled  s ta te m e n ts  c a n  b e
o b tai n e d ,  o n  r e q u e s t,  fr o m  N F PA.  F o r  fu r th e r  i n fo r m a ti o n ,  c o n ta c t th e  N F PA at th e  a d d r e s s  l i s te d  b e l o w.

L aw an d  Re gu l ati o n s

U s e r s  o f N F PA S ta n d ar d s  s h o u l d  c o n s u l t ap p l i c a b l e  fe d e r al ,  s tate ,  a n d  l o c al  l aws  an d  r e gu l ati o n s .  N F PA d o e s  n o t,  b y th e
p u b l i c ati o n  o f i ts  c o d e s ,  s ta n d a r d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  gu i d e s ,  i n te n d  to  u r ge  ac ti o n  th a t i s  n o t i n  c o m p l i a n c e  wi th
ap p l i c a b l e  l a ws ,  a n d  th e s e  d o c u m e n ts  m a y n o t b e  c o n s tr u e d  a s  d o i n g  s o .

C o p yri gh ts

N F PA S ta n d ar d s  a r e  c o p yr i gh te d .  T h e y ar e  m ad e  avai l ab l e  fo r  a  wi d e  var i e ty o f b o th  p u b l i c  an d  p r i vate  u s e s .  T h e s e  i n c l u d e
b o th  u s e ,  b y r e fe r e n c e ,  i n  l aws  a n d  r e gu l a ti o n s ,  an d  u s e  i n  p r i vate  s e l f-r e gu l a ti o n ,  s ta n d a r d i z ati o n ,  an d  th e  p r o m o ti o n  o f s a fe
p r ac ti c e s  a n d  m e th o d s .  B y m a ki n g th e s e  d o c u m e n ts  avai l ab l e  fo r  u s e  an d  a d o p ti o n  b y p u b l i c  au th o r i ti e s  a n d  p r i va te  u s e r s ,  th e
N F PA d o e s  n o t wa i ve  a n y r i gh ts  i n  c o p yr i gh t to  th e s e  d o c u m e n ts .

U s e  o f N F PA S ta n d a r d s  fo r  r e gu l a to r y p u r p o s e s  s h o u l d  b e  ac c o m p l i s h e d  th r o u g h  ad o p ti o n  b y r e fe r e n c e .  T h e  te r m
“ a d o p ti o n  b y r e fe r e n c e ”  m e a n s  th e  c i ti n g o f ti tl e ,  e d i ti o n ,  a n d  p u b l i s h i n g  i n fo r m a ti o n  o n l y.  An y d e l e ti o n s ,  ad d i ti o n s ,  a n d
c h an ge s  d e s i r e d  b y th e  a d o p ti n g  au th o r i ty s h o u l d  b e  n o te d  s e p a r ate l y i n  th e  ad o p ti n g  i n s tr u m e n t.  I n  o r d e r  to  a s s i s t N F PA i n
fo l l o wi n g  th e  u s e s  m a d e  o f i ts  d o c u m e n ts ,  ad o p ti n g  a u th o r i ti e s  ar e  r e q u e s te d  to  n o ti fy th e  N F PA ( Atte n ti o n :  S e c r e ta r y,
S tan d a r d s  C o u n c i l )  i n  wr i ti n g o f s u c h  u s e .  F o r  te c h n i c a l  as s i s tan c e  an d  q u e s ti o n s  c o n c e r n i n g ad o p ti o n  o f N F PA S tan d a r d s ,
c o n tac t N F PA at th e  ad d r e s s  b e l o w.

Fo r Fu r th e r I n fo r m ati o n

Al l  q u e s ti o n s  o r  o th e r  c o m m u n i c ati o n s  r e l ati n g  to  N F PA S tan d ar d s  an d  al l  r e q u e s ts  fo r  i n fo r m ati o n  o n  N F PA p r o c e d u r e s
go ve r n i n g  i ts  c o d e s  an d  s tan d a r d s  d e ve l o p m e n t p r o c e s s ,  i n c l u d i n g i n fo r m ati o n  o n  th e  p r o c e d u r e s  fo r  r e q u e s ti n g  F o r m a l
I n te r p r e tati o n s ,  fo r  p r o p o s i n g  Te n ta ti ve  I n te r i m  Am e n d m e n ts ,  a n d  fo r  p r o p o s i n g r e vi s i o n s  to  N F PA s tan d ar d s  d u r i n g  r e gu l ar
r e vi s i o n  c yc l e s ,  s h o u l d  b e  s e n t to  N F PA h e ad q u ar te r s ,  ad d r e s s e d  to  th e  atte n ti o n  o f th e  S e c r e ta r y,  S ta n d a r d s  C o u n c i l ,  N F PA,  1
B atte r ym a r c h  P ar k,  P. O .  B o x  9 1 0 1 ,  Qu i n c y,  M A 0 2 2 6 9 - 9 1 0 1 ;  e m a i l :  s td s _ad m i n @ n fp a . o r g .

F o r  m o r e  i n fo r m a ti o n  a b o u t N F PA,  vi s i t th e  N F PA we b s i te  at www. n fp a . o r g .  Al l  N F PA c o d e s  a n d  s ta n d ar d s  c a n  b e  vi e we d  a t
n o  c o s t at www. n fp a. o r g/ d o c i n fo .
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C o p yr i gh t ©  2 0 2 1  N ati o n al  F i r e  P r o te c ti o n  As s o c i a ti o n ® .  Al l  Ri g h ts  Re s e r ve d .

N FPA®  2 0 0 1

S tan d ard  o n

C l e an  Age n t Fi re  E x ti n gu i s h i n g S ys te m s

2 0 2 2  E d i ti o n

T h i s  e d i ti o n  o f N F PA 2 0 0 1 ,  Standard on Clean Agent Fire Extinguishing Systems,  was  p r e p ar e d  b y th e
Te c h n i c a l  C o m m i tte e  o n  Gas e o u s  F i r e  E x ti n gu i s h i n g  S ys te m s  an d  a c te d  o n  b y th e  N F PA m e m b e r s h i p
d u r i n g th e  2 0 2 1  N F PA Te c h n i c a l  M e e ti n g  h e l d  J u n e  1 4 –J u l y 2 .  I t was  i s s u e d  b y th e  S ta n d ar d s  C o u n c i l
o n  Au g u s t 2 6 ,  2 0 2 1 ,  wi th  a n  e ffe c ti ve  d a te  o f S e p te m b e r  1 5 ,  2 0 2 1 ,  a n d  s u p e r s e d e s  a l l  p r e vi o u s
e d i ti o n s .

T h i s  e d i ti o n  o f N F PA 2 0 0 1  was  ap p r o ve d  as  an  Am e r i c an  N ati o n al  S tan d a r d  o n  S e p te m b e r  1 5 ,
2 0 2 1 .

O ri gi n  an d  D e ve l o p m e n t o f N FPA 2 0 0 1

T h e  Te c h n i c al  C o m m i tte e  o n  H al o n  Al te rn a ti ve  P r o te c ti o n  O p ti o n s  was  o r ga n i z e d  i n  1 9 9 1  an d
i m m e d i a te l y s tar te d  wo r k to  a d d r e s s  th e  n e w to ta l  fooding  c l e an  ag e n ts  th at we r e  b e i n g d e ve l o p e d
to  r e p l ac e  H a l o n  1 3 0 1 .  A n e e d  e x i s te d  fo r  a n  e x p l an a ti o n  o f h o w to  d e s i g n ,  i n s tal l ,  m ai n tai n ,  a n d
o p e r ate  s ys te m s  u s i n g  th e s e  n e w c l e a n  a ge n ts ,  a n d  N F PA 2 0 0 1  was  e s ta b l i s h e d  to  ad d r e s s  th at n e e d .
T h e  1 9 9 4  e d i ti o n  was  th e  frst e d i ti o n  o f N F PA 2 0 0 1 .  T h e  s tan d ar d  wa s  r e vi s e d  i n  1 9 9 6 ,  2 0 0 0 ,  an d
2 0 0 4 .

I n  J a n u a r y 2 0 0 5 ,  th e  te c h n i c a l  c o m m i tte e s  r e s p o n s i b l e  fo r  N F PA 1 2 ,  N F PA 1 2 A,  a n d  N F PA 2 0 0 1
we r e  c o m b i n e d  i n to  th e  Te c h n i c a l  C o m m i tte e  o n  Gas e o u s  F i r e  E x ti n g u i s h i n g  S ys te m s  to  b e tte r
ad d r e s s  a n d  r e s o l ve  i s s u e s  a m o n g  th o s e  d o c u m e n ts .  T h i s  ac ti o n  was  i n te n d e d  to  fac i l i tate  c o r r e l ati o n
an d  c o n s i s te n c y as  r e q u e s te d  b y th e  U . S .  E n vi r o n m e n ta l  P r o te c ti o n  Age n c y.

T h e  2 0 0 8  e d i ti o n  ad d e d  r e q u i r e m e n ts  fo r l o c al  a p p l i c a ti o n  s ys te m s .

T h e  2 0 1 2  e d i ti o n  i n c l u d e d  a  c o m p l e te  r e wr i te  o f An n e x  C .  I n  ad d i ti o n ,  m o r e  i n fo r m ati o n  o n  th e
e n vi r o n m e n tal  i m p ac t o f c l e an  a ge n ts  was  ad d e d  to  An n e x  A.

T h e  2 0 1 5  e d i ti o n  ad d e d  n e w c o n te n t r e gar d i n g  r e c yc l i n g a n d  d i s p o s a l  o f c l e a n  ag e n ts  an d  n e w
s ys te m  d e s i gn  c r i te r i a  fo r  2 0 0  b ar  a n d  3 0 0  b ar  I G- 0 1  s ys te m s .  A s am p l e  s ys te m  a c c e p ta n c e  r e p o r t was
ad d e d  to  a i d  i n  c o n fo r m a n c e  wi th  c o m m i s s i o n i n g  p r ac ti c e s .  T h e  c o m m i tte e  c o m p l e te d  a n  u p d ate  o f
al l  r e fe r e n c e s  an d  r e vi e we d  th e  p i p e  d e s i gn  c r i te r i a  a ga i n s t th e  r e fe r e n c e d  p i p i n g  c o d e .  T h at e d i ti o n
al s o  r e vi s e d  th e  r e q u i r e m e n ts  fo r  c yl i n d e r  l o c a ti o n ,  e n c l o s u r e  i n te g r i ty,  an d  u n o c c u p i e d  s p ac e s .

F o r th e  2 0 1 8  e d i ti o n ,  th e  c h a p te r  o n  i n s p e c ti o n ,  te s ti n g ,  m a i n te n an c e ,  a n d  tr ai n i n g wa s
c o m p l e te l y r e o r g an i z e d  to  i m p r o ve  u s a b i l i ty o f th e  s tan d ar d  a n d  to  c o m p l y wi th  th e  Manual of Style for
NFPA Technical Committee Documents.  As  p a r t o f th i s  r e vi s i o n ,  th e  c o n te n t was  s p l i t i n to  two  d i s ti n c t
c h a p te r s :  C h ap te r  7 ,  Ap p r o val  o f I n s tal l a ti o n s ,  an d  C h ap te r  8 ,  I n s p e c ti o n ,  S e r vi c i n g,  Te s ti n g ,
M ai n te n a n c e ,  a n d  Tr a i n i n g.  Defnitions  o f inspection,  maintenance,  a n d  service we r e  a d d e d ,  a s  we l l  a s  a
r e q u i r e m e n t fo r  i n te gr a te d  fre  p r o te c ti o n  a n d  l i fe  s afe ty s ys te m s  to  b e  te s te d  i n  a c c o r d an c e  wi th
N F PA 4 .  I n  ad d i ti o n ,  th e  s tan d ar d  r e q u i r e d  an  e g r e s s  ti m e  s tu d y fo r  al l  c l e an  ag e n t s ys te m s ,  n o t j u s t
th o s e  wh e r e  th e  d e s i gn  c o n c e n tr ati o n  i s  g r e ate r  th an  th e  N O AE L .  A defnition  o f abort switch was
ad d e d ,  an d  th e  defnition  o f clean agent wa s  re vi s e d .  T h e  r e q u i r e m e n ts  fo r  p i p e  an d  fttings  we r e
r e vi e we d  an d  u p d ate d  i n  a c c o r d a n c e  wi th  th e  l a te s t r e fe r e n c e  s tan d ar d s .  A n e w s e c ti o n  o n  p i p e
h an g e r s  a n d  s u p p o r ts  was  ad d e d .

T h e  2 0 2 2  e d i ti o n  i n c o r p o r ate s  s e ve r al  m aj o r  s tr u c tu r al  c h an g e s  an d  n e w c h ap te r s .  Re q u i r e m e n ts
ar e  r e m o ve d  fr o m  C h ap te r  1  to  a  n e w C h ap te r  4  o n  Ge n e r a l  Re q u i r e m e n ts  to  c o m p l y wi th  th e  N F PA
Manual of Style.  I n fo r m ati o n  o n  To x i c o l o gi c al  an d  P h ys i o l o gi c al  E ffe c ts  o f C l e an  Ag e n ts  i s  m o ve d
fr o m  An n e x  A to  a n e w,  s tan d al o n e  an n e x .  T h e  s ys te m  d e s i g n  r e q u i r e m e n ts  p e r ta i n i n g  o n l y to  to tal
fooding  s ys te m s  a r e  m o ve d  fr o m  th e  s ys te m  d e s i g n  c h a p te r  to  a n e w,  s ta n d al o n e  c h a p te r,  s i m i l ar  to
th e  l o c al  ap p l i c a ti o n  s ys te m s  c h a p te r,  to  i d e n ti fy wh i c h  r e q u i r e m e n ts  ap p l y m o r e  c l e ar l y to  b o th  typ e s
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o f s ys te m s .  T h e  r e q u i r e m e n ts  fo r  d e te c ti o n ,  a c tu ati o n ,  a l a r m ,  an d  c o n tr o l  s ys te m s  ar e  m o ve d  fr o m  th e  c o m p o n e n ts  c h ap te r  to
a n e w,  s tan d al o n e  c h ap te r  to  b e tte r  a d d r e s s  th e  s ys te m ati c  n atu r e  o f th e s e  r e q u i r e m e n ts .  A n e w c h a p te r  o n  i m p ai r m e n t i s
ad d e d .  A n e w a n n e x  o n  s to r ag e  c o n tai n e r s  fo r  va p o r i z i n g -l i q u i d  ag e n ts  i s  ad d e d .

S e ve r al  te c h n i c al  u p d ate s  a r e  al s o  i n c l u d e d  i n  th i s  e d i ti o n ,  i n c l u d i n g  d e s i g n  c r i te r i a fo r  a  n e w c l e an  ag e n t ( H al o c a r b o n
B l e n d  5 5 ,  o r  H B -5 5 )  an d  6 0 -b ar  F K-5 -1 -1 2  s ys te m s ,  clarifed  te r m i n o l o gy an d  r e q u i r e m e n ts  fo r  c l e a n  ag e n t d e s i gn
c o n c e n tr ati o n s ,  a  n e w defnition  o f d e e p -s e ate d  fre,  n e w i n fo r m a ti o n  o n  c l e an  a ge n t p u r i ty an d  th e  p o te n ti al  to x i c i ty o f
i m p u r i ti e s ,  u p d ate d  p r e s s u r e  c u r ve s  fo r  H F C -1 2 5 ,  an d  u p d ate d  to tal  fooding  q u an ti ty tab l e s  fo r  i n e r t g as  ag e n ts .  I n  a d d i ti o n ,
d e s i g n e r s  a r e  n o w r e q u i r e d  to  c o n s i d e r  th e  p o te n ti al  e ffe c ts  o f ac o u s ti c  n o i s e  p r o d u c e d  b y th e  c l e an  a ge n t s ys te m  wh e r e  n o i s e -
s e n s i ti ve  e q u i p m e n t i s  p r e s e n t.
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N O T E :  M e m b e r s h i p  o n  a  c o m m i tte e  s h al l  n o t i n  a n d  o f i ts e l f c o n s ti tu te  a n  e n d o r s e m e n t o f
th e  As s o c i a ti o n  o r  a n y d o c u m e n t d e ve l o p e d  b y th e  c o m m i tte e  o n  wh i c h  th e  m e m b e r  s e r ve s .

C o m m i tte e  S c o p e :  T h i s  c o m m i tte e  s h a l l  h a ve  p r i m ar y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n  th e
i n s ta l l ati o n ,  m a i n te n an c e ,  a n d  u s e  o f c a r b o n  d i o x i d e  s ys te m s  fo r  fre  p r o te c ti o n .  T h i s
c o m m i tte e  s h a l l  a l s o  h a ve  p r i m ar y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n  fxed  fre  e x ti n g u i s h i n g
s ys te m s  u ti l i z i n g  bromotrifuoromethane  a n d  o th e r  s i m i l a r  h a l o g e n a te d  e x ti n g u i s h i n g
ag e n ts ,  c o ve r i n g  th e  i n s ta l l a ti o n ,  m ai n te n a n c e ,  a n d  u s e  o f s ys te m s .  T h i s  c o m m i tte e  s h a l l  a l s o
h ave  p r i m a r y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n  a l te r n ati ve  p r o te c ti o n  o p ti o n s  to  H a l o n  1 3 0 1
an d  1 2 1 1  fre  e x ti n g u i s h i n g  s ys te m s .  I t s h a l l  n o t d e a l  wi th  d e s i g n ,  i n s ta l l a ti o n ,  o p e r a ti o n ,
te s ti n g ,  a n d  m ai n te n a n c e  o f s ys te m s  e m p l o yi n g  d r y c h e m i c a l ,  we t c h e m i c al ,  fo a m ,  a e r o s o l s ,
o r  wa te r  as  th e  p r i m ar y e x ti n g u i s h i n g  m e d i a .
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or the “List of NFPA Codes & Standards” at www. nfpa. org/docinfo.
In addition to TIAs and Errata,  the document information pages also

include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

N O T I C E :  An  as te r i s k ( * )  fo l l o wi n g th e  n u m b e r  o r  l e tte r
d e s i g n ati n g  a  p ar a gr a p h  i n d i c ate s  th at e x p l an a to r y m ate r i a l  o n
th e  p a r ag r ap h  c an  b e  fo u n d  i n  An n e x  A.

A r e fe r e n c e  i n  b r ac ke ts  [  ]  fo l l o wi n g a  s e c ti o n  o r  p a r ag r ap h
i n d i c ate s  m a te r i al  th at h as  b e e n  e x tr ac te d  fro m  an o th e r  N F PA

d o c u m e n t.  E x tr ac te d  te x t m ay b e  e d i te d  fo r  c o n s i s te n c y an d
s tyl e  an d  m a y i n c l u d e  th e  r e vi s i o n  o f i n te r n a l  p a r ag r ap h  r e fe r ‐

e n c e s  a n d  o th e r  r e fe r e n c e s  as  a p p r o p r i ate .  Re q u e s ts  fo r  i n te r ‐
p r e ta ti o n s  o r  r e vi s i o n s  o f e x tr a c te d  te x t s h a l l  b e  s e n t to  th e
te c h n i c al  c o m m i tte e  r e s p o n s i b l e  fo r  th e  s o u rc e  d o c u m e n t.

I n fo r m ati o n  o n  r e fe r e n c e d  a n d  e x tr a c te d  p u b l i c a ti o n s  c a n
b e  fo u n d  i n  C h ap te r  2  a n d  An n e x  E .

C h ap te r 1    Ad m i n i s trati o n

Δ 1 . 1 *  S c o p e .

N 1 . 1 . 1 *    T h i s  s tan d ar d  c o n ta i n s  m i n i m u m  r e q u i r e m e n ts  fo r  th e
d e s i g n ,  i n s tal l ati o n ,  ap p r o val ,  a n d  m a i n te n an c e  o f total-
fooding  an d  l o c al -ap p l i c ati o n  fre-extinguishing  s ys te m s  th a t

u s e  o n e  o f th e  ga s e o u s  a ge n ts  i n  Ta b l e  1 . 1 . 1 .

N 1 . 1 . 2    T h e  s c o p e  o f th i s  s tan d ar d  d o e s  n o t i n c l u d e  fre-
extinguishing  s ys te m s  th a t u s e  c a r b o n  d i o x i d e  o r  wate r  as  th e
p r i m a r y e x ti n g u i s h i n g m e d i a,  wh i c h  ar e  ad d r e s s e d  b y o th e r

N F PA d o c u m e n ts .

1 . 2 *  P u rp o s e .    T h i s  s tan d ar d  i s  p r e p ar e d  fo r  u s e  b y an d  gu i d ‐
a n c e  o f th o s e  c h ar g e d  wi th  p u r c h as i n g ,  d e s i g n i n g ,  i n s ta l l i n g ,

te s ti n g ,  i n s p e c ti n g,  a p p r o vi n g ,  l i s ti n g ,  o p e r ati n g ,  an d  m a i n tai n ‐
i n g  e n g i n e e r e d  o r  p r e -e n gi n e e r e d  c l e a n  age n t e x ti n g u i s h i n g

s ys te m s .
•

N 1 . 3  Re tro ac ti vi ty.    T h e  p r o vi s i o n s  o f th i s  s ta n d a r d  refect a
c o n s e n s u s  o f wh at i s  n e c e s s a r y to  p r o vi d e  a n  a c c e p ta b l e  d e g r e e

o f p r o te c ti o n  fr o m  th e  h az ar d s  a d d r e s s e d  i n  th i s  s tan d ar d  a t
th e  ti m e  th e  s ta n d a r d  was  i s s u e d .

N 1 . 3 . 1    U n l e s s  o th e r wi s e  specifed,  th e  d e s i g n ,  i n s ta l l a ti o n ,  an d
m a i n te n an c e  r e q u i r e m e n ts  o f C h ap te r  4  th r o u g h  C h a p te r  8

a n d  C h a p te r  1 0  s h a l l  n o t a p p l y to  fac i l i ti e s ,  e q u i p m e n t,  s tr u c ‐
tu r e s ,  o r  i n s ta l l ati o n s  th at e x i s te d  o r  we r e  ap p r o ve d  fo r
c o n s tr u c ti o n  o r  i n s tal l a ti o n  p r i o r  to  th e  e ffe c ti ve  d ate  o f th e

s tan d ar d .

N 1 . 3 . 2    U n l e s s  o th e r wi s e  specifed,  i n s p e c ti o n ,  te s ti n g ,  an d
m a i n te n an c e  r e q u i r e m e n ts  i n  C h a p te r  9  s h al l  ap p l y to  n e w an d

e x i s ti n g  fa c i l i ti e s ,  e q u i p m e n t,  s tr u c tu r e s ,  o r  i n s tal l ati o n s .

N 1 . 3 . 3    I n  th o s e  c as e s  wh e r e  th e  au th o r i ty h a vi n g j u r i s d i c ti o n
d e te r m i n e s  th at th e  e x i s ti n g  s i tu ati o n  p r e s e n ts  an  u n ac c e p tab l e
d e g r e e  o f r i s k,  th e  au th o r i ty h avi n g  j u r i s d i c ti o n  s h al l  b e  p e r m i t‐

te d  to  a p p l y r e tr o ac ti ve l y a n y p o r ti o n s  o f th i s  s tan d a r d  d e e m e d
ap p r o p r i a te .

N 1 . 3 . 4    Re q u i r e m e n ts  th at ar e  r e tr o a c ti ve l y a p p l i e d  i n  ac c o r d ‐
an c e  wi th  th i s  s tan d a r d  s h a l l  b e  p e r m i tte d  to  b e  modifed  i f
b o th  o f th e  fo l l o wi n g c o n d i ti o n s  a r e  m e t i n  th e  j u d g m e n t o f

th e  au th o r i ty h a vi n g j u r i s d i c ti o n :

( 1 ) Ap p l i c ati o n  o f th e  o r i gi n al ,  fu l l  r e q u i r e m e n t wo u l d  b e
i m p r ac ti c al .

( 2 ) An  e q u i va l e n t l e ve l  o f s afe ty i s  p r o vi d e d  b y th e  modifed
r e q u i r e m e n t.

N 1 . 4  E q ui val e n c y.    N o th i n g i n  th i s  s tan d a r d  i s  i n te n d e d  to
p r e ve n t th e  u s e  o f s ys te m s ,  m e th o d s ,  o r  d e vi c e s  o f e q u i val e n t o r

s u p e r i o r  q u a l i ty,  s tr e n gth ,  fre  r e s i s ta n c e ,  e ffe c ti ve n e s s ,  d u r a b i l ‐
i ty,  a n d  s afe ty o ve r  th o s e  p r e s c r i b e d  b y th i s  s tan d a r d .

N 1 . 4 . 1    Te c h n i c al  d o c u m e n tati o n  s h al l  b e  s u b m i tte d  to  th e
au th o r i ty h a vi n g j u r i s d i c ti o n  to  d e m o n s tr a te  e q u i va l e n c y.

N 1 . 4 . 2    T h e  s ys te m ,  m e th o d ,  o r  d e vi c e  s h a l l  b e  a p p r o ve d  fo r  th e
i n te n d e d  p u r p o s e  b y th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .

Δ 1 . 5  U n i ts .

N 1 . 5 . 1  P ri m ar y U n i ts .    P r i m ar y u n i ts  o f m e as u r e m e n t ar e  i n
ac c o r d an c e  wi th  U . S .  c u s to m ar y u n i ts  ( i n c h -p o u n d  u n i ts ) ,
e x c e p t wh e r e  specifc  u n i ts  ar e  c u s to m ar y fo r  i n d u s tr y p r ac ti c e .

N 1 . 5 . 2  S e c o n d ar y U n i ts  an d  C o n ve rs i o n s .

N 1 . 5 . 2 . 1    S e c o n d ar y u n i ts  o f m e as u r e m e n t,  wh e r e  p r o vi d e d ,  a r e
i n  ac c o r d an c e  wi th  th e  m o d e r n i z e d  m e tr i c  s ys te m  kn o wn  as  th e

I n te r n ati o n al  S ys te m  o f U n i ts  ( S I ) ,  e x c e p t wh e r e  specifc  u n i ts
ar e  c u s to m ar y fo r  i n d u s tr y p r ac ti c e .

N 1 . 5 . 2 . 2    Wh e r e  s e c o n d ar y u n i ts  ar e  n o t p r o vi d e d ,  c o n ve r te d
va l u e s  i n  a c c o r d an c e  wi th  Ta b l e  1 . 5 . 2 . 2  a n d  c o n ve r te d  tr ad e
s i z e s  c an  b e  u s e d .

N 1 . 5 . 2 . 3    Wh e r e  te x t e x tr a c te d  fr o m  a s o u r c e  d o c u m e n t
c o n tai n s  va l u e s  e x p r e s s e d  i n  o n l y o n e  s ys te m  o f u n i ts ,  th e

val u e s  i n  th e  e x tr ac te d  te x t h ave  b e e n  r e tai n e d  wi th o u t c o n ve r ‐
s i o n .

N 1 . 5 . 3  M e as u re m e n ts  o f P re s s u re .    Al l  m e as u r e m e n ts  o f p r e s ‐
s u r e  ar e  ga u g e  va l u e s ,  u n l e s s  o th e r wi s e  n o te d .

N 1 . 5 . 4  U n i t Ap p l i c ati o n  an d  E n fo rc e m e n t.

N 1 . 5 . 4 . 1 *    T h e  val u e s  p r e s e n te d  i n  th i s  s ta n d a r d  ar e  e x p r e s s e d
wi th  a d e gr e e  o f p r e c i s i o n  th a t i s  ap p r o p r i ate  fo r  p r ac ti c al
ap p l i c a ti o n  a n d  e n fo r c e m e n t.

N 1 . 5 . 4 . 2 *    E i th e r  th e  p r i m ar y u n i ts  o r  s e c o n d a r y u n i ts  a r e
ac c e p tab l e  fo r  s ati s fyi n g th e  r e q u i r e m e n ts  i n  th i s  s ta n d a r d .

•
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Δ Tab l e  1 . 1 . 1  Age n ts  Ad d re s s e d  i n  N FPA 2 0 0 1

Age n t D e s i gn ati o n C h e m i c al  N am e C h e m i s tr y

F K- 5 -1 -1 2 Dodecafuoro-2-methylpentan-3-one C F 3 C F 2 C ( O ) C F ( C F 3 ) 2

H C F C  B l e n d  A Dichlorotrifuoroethane  H C F C - 1 2 3  ( 4 . 7 5 % ) C H C l 2 C F 3

Chlorodifuoromethane  H C F C -2 2  ( 8 2 % ) C H C l F 2

Chlorotetrafuoroethane  H C F C -1 2 4  ( 9 . 5 % ) C H C l F C F 3

I s o p r o p e n yl -1 -m e th yl c yc l o h e x e n e  ( 3 . 7 5 % )
H C F C -1 2 4 Chlorotetrafuoroethane C H C l F C F 3

H F C -1 2 5 Pentafuoroethane C H F 2 C F 3

H F C -2 2 7 e a Heptafuoropropane C F 3 C H F C F 3

H F C -2 3 Trifuoromethane C H F 3

H F C -2 3 6 fa Hexafuoropropane C F 3 C H 2 C F 3

F I C -1 3 I 1 Trifuoroiodide C F 3 I
I G -0 1 Ar g o n Ar
I G -1 0 0 N i tr o ge n N 2

I G -5 4 1 N i tr o ge n  ( 5 2 % ) N 2

Ar g o n  ( 4 0 % ) Ar
C ar b o n  d i o x i d e  ( 8 % ) C O 2

I G -5 5 N i tr o ge n  ( 5 0 % ) N 2

Ar g o n  ( 5 0 % ) Ar
H F C  B l e n d  B Tetrafuoroethane  ( 8 6 % ) C H 2  F C F 3

Pentafuoroethane  ( 9 % ) C H F 2 C F 3

C ar b o n  d i o x i d e  ( 5 % ) C O 2

H a l o c ar b o n  
B l e n d  5 5  
( H B -5 5 )

Trans-1 -Chloro-3,3,3-trifuoropropene  ( 5 0 % ) C F 3 -C H = C H C l

Dodecafuoro-2-methylpentan-3-one  ( 5 0 % ) C F 3 C F 2 C ( O ) C F ( C F 3 ) 2

N o te s :
( 1 )  O th e r  a g e n ts  c o u l d  b e c o m e  a va i l a b l e  a t l a te r  d a te s .  S u c h  a g e n ts  c o u l d  b e  a d d e d  vi a  th e  N F PA p r o c e s s  i n
fu tu r e  e d i ti o n s  o r  b y a m e n d m e n ts  to  th e  s ta n d a r d .
( 2 )  C o m p o s i ti o n  o f i n e r t g a s  a g e n ts  i s  g i ve n  i n  p e r c e n t b y vo l u m e .  C o m p o s i ti o n s  o f h al o c a r b o n  b l e n d s  a r e
g i ve n  i n  p e rc e n t b y we i g h t.
( 3 )  T h e  fu l l  a n a l o g o u s  AS H RAE  n o m e n c l a tu r e  fo r  F K-5 - 1 -1 2  i s  F K- 5 -1 -1 2 m m y2 .

Δ Tab l e  1 . 5 . 2 . 2  M e tri c  C o n ve rs i o n  Fac to rs

N am e  o f U n i t U n i t S ym b o l C o n ve rs i o n  Fac to r

m i l l i m e te r m m 1  i n .  =  2 5 . 4  m m
l i te r L 1  ga l  =  3 . 7 8 5  L
c u b i c  m e te r m 3 1  ft3  =  0 . 0 2 8 3 1 7  m 3

ki l o gr a m kg 1  l b  =  0 . 4 5 3 6  kg
ki l o gr a m s  p e r  c u b i c  m e te r kg/ m 3 1  l b / ft3  =  1 6 . 0 1 8 5  kg / m 3

p as c al P a 1  p s i  =  6 8 9 5  P a
b a r b ar 1  p s i  =  0 . 0 6 8 9  b ar
b a r b ar 1  b ar  =  1 0 5  P a

N o te s :
F o r  a d d i ti o n a l  c o n ve r s i o n s  a n d  i n fo r m a ti o n ,  s e e  AS T M  S I 1 0 ,  American National Standard for Metric Practice.
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C h ap te r 2    Re fe re n c e d  P u b l i c ati o n s

2 . 1  G e n e ral .    T h e  d o c u m e n ts  o r  p o r ti o n s  th e r e o f l i s te d  i n  th i s
c h a p te r  ar e  r e fe r e n c e d  wi th i n  th i s  s tan d ar d  an d  s h a l l  b e
c o n s i d e r e d  p ar t o f th e  r e q u i r e m e n ts  o f th i s  d o c u m e n t.

2 . 2  N FPA P ub l i c ati o n s .    N a ti o n a l  F i r e  P r o te c ti o n  As s o c i ati o n ,
1  B a tte r ym ar c h  P a r k,  Qu i n c y,  M A 0 2 1 6 9 -7 4 7 1 .

N F PA 4 ,  Standard for Integrated Fire Protection and Life Safety
System Testing,  2 0 2 1  e d i ti o n .

NFPA 70®,  National Electrical Code®,  2 0 2 0  e d i ti o n .
NFPA 72®,  National Fire Alarm and Signaling Code®,  2 0 2 2

e d i ti o n .

2 . 3  O th e r P u b l i c ati o n s .

2 . 3 . 1  AN S I  P u b l i c ati o n s .    Am e r i c a n  N a ti o n al  S ta n d a r d s  I n s ti ‐
tu te ,  I n c . ,  2 5  We s t 4 3 r d  S tr e e t,  4 th  F l o o r,  N e w Yo r k,  N Y 1 0 0 3 6 .

AN S I  Z 5 3 5 . 2 ,  Standard for Environmental and Facility Safety
Signs,  2 0 1 1 .

2 . 3 . 2  AS M E  P u b l i c ati o n s .    Am e r i c an  S o c i e ty o f M e c h a n i c al
E n g i n e e r s ,  Two  P ar k Ave n u e ,  N e w Yo r k,  N Y 1 0 0 1 6 -5 9 9 0 .

AS M E  B 1 . 2 0 . 1 ,  Standard on Pipe Threads,  General Purpose,  Inch,
2 0 1 3 .

AS M E  B 3 1 . 1 ,  Power Piping Code,  2 0 2 0 .

Boiler and Pressure Vessel Code,  2 0 1 9 .

2 . 3 . 3  AS T M  P ub l i c ati o n s .    AS T M  I n te r n ati o n al ,  1 0 0  B ar r
H a r b o r  D r i ve ,  P. O .  B o x  C 7 0 0 ,  We s t C o n s h o h o c ke n ,  PA

1 9 4 2 8 - 2 9 5 9 .

AS T M  A1 2 0 -8 4 ,  Specifcation for Pipe,  Steel,  Black and Hot-
Dipped (Galvanized) Welded and Seamless for Ordinary Uses,  1 9 8 4
( wi th d r a wn  1 9 8 7 ) .

AS T M  S I 1 0 -1 6 ,  American National Standard for Metric Practice,
2 0 1 6 .

Δ 2 . 3 . 4  C G A P u b l i c ati o n s .    C o m p r e s s e d  Gas  As s o c i ati o n ,  1 4 5 0 1
G e o r g e  C a r te r  Wa y,  S u i te  1 0 3 ,  C h an ti l l y,  VA 2 0 1 5 1 .

C GA C -6 ,  Standard for Visual Inspection of Steel Compressed Gas
Cylinders,  2 0 1 9 .

2 . 3 . 5  I E E E  P u b l i c ati o n s .    I E E E  S ta n d ar d s  As s o c i ati o n ,  3  P a r k
Ave n u e ,  1 7 th  F l o o r,  N e w Yo r k,  N Y 1 0 0 1 6 -5 9 9 7 .

I E E E  C 2 ,  National Electrical Safety Code,  2 0 1 7 .

2 . 3 . 6  I M O  P u b l i c ati o n s .    I n te r n ati o n al  M a r i ti m e  O r ga n i z a‐
ti o n ,  4 ,  Al b e r t E m b an km e n t,  L o n d o n ,  S E 1  7 S R,  U n i te d  Ki n g‐

d o m .

I M O  M S C / C i r c .  8 4 8 ,  Revised Guidelines for the Approval of
Equivalent Fixed Gas Fire-Extinguishing Systems as Referred to in
SOLAS 74,  for Machinery Spaces and Cargo Pump-Rooms,  1 9 9 8 .

I M O  M S C . 1 / C i r c . 1 2 6 7 ,  Amendments to Revised Guidelines for
the Approval of Equivalent Fixed Gas Fire-Extinguishing Systems,  as

Referred to in SOLAS 74,  for Machinery Spaces and Cargo Pump-
Rooms (MSC/Circ. 848),  2 0 0 8 .

2 . 3 . 7  I S O  P u b l i c ati o n s .    I n te r n ati o n a l  O r g an i z ati o n  fo r  S tan d ‐
ar d i z a ti o n ,  I S O  C e n tr al  S e c r e tar i at,  B I B C  I I ,  C h e m i n  d e  B l an ‐

d o n n e t 8 ,  C P  4 0 1 ,  1 2 1 4  Ve r n i e r,  Ge n e va,  S wi tz e r l a n d .

I S O  7 -1 ,  Pipe Threads Where Pressure-Tight Joints Are Made on the
Threads — Part 1 : Dimensions,  Tolerances and Designation,  1 9 9 4

( R2 0 2 0 ) .

2 . 3 . 8  T C  P u b l i c ati o n s .    Tr a n s p o r t C an a d a ,  To we r  C ,  P l ac e  d e
Vi l l e ,  3 3 0  S p a r ks  S tr e e t,  O ttawa,  O n tar i o ,  K1 A 0 N 5 ,  C an a d a .

T P  1 2 7  E ,  Ship Safety Electrical Standards,  2 0 1 8 .

Δ 2 . 3 . 9  U L  P u b l i c ati o n s .    U n d e r wr i te r s  L a b o r a to r i e s  I n c . ,  3 3 3
Pfngsten  Ro a d ,  N o r th b r o o k,  I L  6 0 0 6 2 -2 0 9 6 .

U L  2 1 2 7 ,  Inert Gas Clean Agent Extinguishing System Units,
2 0 1 7  ( R2 0 2 0 ) .

U L  2 1 6 6 ,  Halocarbon Clean Agent Extinguishing System Units,
2 0 1 7  ( R2 0 2 0 ) .

•
2 . 3 . 1 0  U S  G o ve r n m e n t P u b l i c ati o n s .    U S  Go ve r n m e n t
P u b l i s h i n g  Offce,  7 3 2  N o r th  C a p i to l  S tr e e t,  N W,  Was h i n gto n ,

D C  2 0 4 0 1 -0 0 0 1 .

O S H A,  T i tl e  2 9 ,  C o d e  o f F e d e r al  Re g u l ati o n s ,  P a r t 1 9 1 0 ,
S u b p ar t S .

U . S .  C o as t Gu a r d ,  T i tl e  4 6 ,  C o d e  o f F e d e r al  Re g u l ati o n s ,
P ar t 7 2 .

U . S .  C o a s t Gu a r d ,  T i tl e  4 6 ,  C o d e  o f F e d e r al  Re g u l ati o n s ,
S u b c h a p te r  J ,  “ E l e c tr i c al  E n g i n e e r i n g . ”

D O T  T i tl e  4 9 ,  C o d e  o f F e d e r al  Re g u l ati o n s ,  P a r ts  1 7 0 –1 9 0 ,
“ Tr an s p o r tati o n . ”

2 . 3 . 1 1  O th e r P ub l i c ati o n s .

Merriam-Webster’s Collegiate Dictionary,  1 1 th  e d i ti o n ,  M e r r i am -
We b s te r,  I n c . ,  Springfeld,  M A,  2 0 0 3 .

2 . 4  Re fe re n c e s  fo r E x trac ts  i n  M an d ato r y S e c ti o n s .

N F PA 1 2 ,  Standard on Carbon Dioxide Extinguishing Systems,
2 0 2 1  e d i ti o n .

C h ap te r 3    Defnitions

3 . 1  G e n e ral .    T h e  defnitions  c o n tai n e d  i n  th i s  c h ap te r  s h a l l
ap p l y to  th e  te r m s  u s e d  i n  th i s  s tan d ar d .  Wh e r e  te r m s  a r e  n o t
defned  i n  th i s  c h ap te r  o r  wi th i n  an o th e r  c h ap te r,  th e y s h al l  b e
defned  u s i n g  th e i r  o r d i n ar i l y a c c e p te d  m e an i n gs  wi th i n  th e

c o n te x t i n  wh i c h  th e y ar e  u s e d .  Merriam-Webster’s Collegiate
Dictionary,  1 1 th  e d i ti o n ,  s h a l l  b e  th e  s o u r c e  fo r  th e  o r d i n ar i l y
a c c e p te d  m e a n i n g .

3 . 2  N FPA Offcial  Defnitions.

3 . 2 . 1 *  Ap p ro ve d .    Ac c e p tab l e  to  th e  a u th o r i ty h avi n g  j u r i s d i c ‐
ti o n .

3 . 2 . 2 *  Au th o ri ty H avi n g J u ri s d i c ti o n  ( AH J ) .    An  o r g an i z a ti o n ,
offce,  o r  i n d i vi d u a l  r e s p o n s i b l e  fo r  e n fo r c i n g  th e  r e q u i r e m e n ts

o f a  c o d e  o r  s tan d ar d ,  o r  fo r  a p p r o vi n g  e q u i p m e n t,  m ate r i a l s ,
a n  i n s ta l l ati o n ,  o r  a p r o c e d u r e .

3 . 2 . 3 *  L i s te d .    E q u i p m e n t,  m a te r i al s ,  o r  s e r vi c e s  i n c l u d e d  i n  a
l i s t p u b l i s h e d  b y an  o r g an i z a ti o n  th a t i s  a c c e p ta b l e  to  th e
a u th o r i ty h avi n g  j u r i s d i c ti o n  an d  c o n c e r n e d  wi th  e va l u ati o n  o f

p r o d u c ts  o r  s e r vi c e s ,  th at m ai n ta i n s  p e r i o d i c  i n s p e c ti o n  o f
p r o d u c ti o n  o f l i s te d  e q u i p m e n t o r  m ate r i a l s  o r  p e r i o d i c  e val u a‐
ti o n  o f s e r vi c e s ,  a n d  wh o s e  l i s ti n g s ta te s  th at e i th e r  th e  e q u i p ‐

m e n t,  m ate r i a l ,  o r  s e r vi c e  m e e ts  ap p r o p r i ate  d e s i gn a te d
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s tan d ar d s  o r  h a s  b e e n  te s te d  a n d  fo u n d  s u i tab l e  fo r  a specifed
p u r p o s e .

3 . 2 . 4  S h al l .    I n d i c a te s  a m an d ato r y r e q u i r e m e n t.

3 . 2 . 5  S h o u l d .    I n d i c a te s  a  r e c o m m e n d ati o n  o r  th at wh i c h  i s
ad vi s e d  b u t n o t r e q u i r e d .

3 . 2 . 6  S tan d ard .    An  N F PA S tan d ar d ,  th e  m ai n  te x t o f wh i c h
c o n tai n s  o n l y m a n d ato r y p r o vi s i o n s  u s i n g  th e  wo r d  “ s h a l l ”  to
i n d i c a te  r e q u i r e m e n ts  a n d  th a t i s  i n  a fo r m  g e n e r al l y s u i tab l e
fo r  m an d ato r y r e fe r e n c e  b y a n o th e r  s ta n d ar d  o r  c o d e  o r  fo r
ad o p ti o n  i n to  l a w.  N o n m a n d a to r y p r o vi s i o n s  a r e  n o t to  b e
c o n s i d e r e d  a p ar t o f th e  r e q u i r e m e n ts  o f a s ta n d ar d  an d  s h a l l
b e  l o c ate d  i n  an  ap p e n d i x ,  an n e x ,  fo o tn o te ,  i n fo r m ati o n al
n o te ,  o r  o th e r  m e an s  a s  p e r m i tte d  i n  th e  N F PA M an u a l s  o f
S tyl e .  Wh e n  u s e d  i n  a ge n e r i c  s e n s e ,  s u c h  a s  i n  th e  p h r a s e
“ s tan d ar d s  d e ve l o p m e n t p r o c e s s ”  o r  “ s tan d ar d s  d e ve l o p m e n t
ac ti vi ti e s , ”  th e  te r m  “ s ta n d ar d s ”  i n c l u d e s  a l l  N F PA S ta n d a r d s ,
i n c l u d i n g  C o d e s ,  S tan d a r d s ,  Re c o m m e n d e d  P r a c ti c e s ,  an d
Gu i d e s .

3 . 3  G e n e ral  Defnitions.

3 . 3 . 1 *  Ab o r t S wi tc h .    A s ys te m  c o n tr o l  th a t,  wh e n  o p e r ate d
d u r i n g th e  r e l e a s i n g p an e l ’ s  r e l e as e  d e l a y c o u n td o wn ,  e x te n d s
th e  d e l ay i n  ac c o r d an c e  wi th  a p r e d e te r m i n e d  e ffe c t.

3 . 3 . 2  Ad j u s te d  M i n i m um  D e s i gn  Q u an ti ty ( AM D Q ) .    T h e
m i n i m u m  d e s i g n  q u an ti ty o f a ge n t th a t h a s  b e e n  ad j u s te d  i n
c o n s i d e r ati o n  o f d e s i g n  fa c to r s .

3 . 3 . 3  Age n t C o n c e n trati o n .    T h e  p o r ti o n  o f ag e n t i n  an  ag e n t-
ai r  m i x tu r e  e x p r e s s e d  i n  vo l u m e  p e r c e n t.

3 . 3 . 4  C l as s  A Fi re .    A fre  i n  o r d i n ar y c o m b u s ti b l e  m ate r i a l s ,
s u c h  a s  wo o d ,  c l o th ,  p ap e r,  r u b b e r,  a n d  m an y p l a s ti c s .

3 . 3 . 5  C l as s  B  Fi re .    A fre  i n  fammable  l i q u i d s ,  c o m b u s ti b l e
l i q u i d s ,  p e tr o l e u m  g r e as e s ,  tar s ,  o i l s ,  o i l -b as e d  p a i n ts ,  s o l ve n ts ,
l ac q u e r s ,  al c o h o l s ,  an d  fammable  g as e s .

3 . 3 . 6  C l as s  C  Fi re .    A fre  th at i n vo l ve s  e n e r g i z e d  e l e c tr i c al
e q u i p m e n t.

3 . 3 . 7 *  C l e an  Age n t.    Vo l ati l e  o r  g as e o u s  fre  e x ti n g u i s h a n t th at
i s  e l e c tr i c a l l y n o n c o n d u c ti n g an d  th at d o e s  n o t l e ave  a r e s i d u e
u p o n  e vap o r a ti o n .

3 . 3 . 8  C l e aran c e .    T h e  a i r  d i s ta n c e  b e twe e n  e x ti n g u i s h i n g
s ys te m  e q u i p m e n t,  i n c l u d i n g p i p i n g  an d  n o z z l e s ,  an d  u n e n ‐
c l o s e d  o r  u n i n s u l ate d  l i ve  e l e c tr i c al  c o m p o n e n ts  n o t a t g r o u n d
p o te n ti a l .

3 . 3 . 9  C o n tro l  Ro o m  an d  E l e c tro n i c  E q u i p m e n t S p ac e .    A
s p ac e  c o n ta i n i n g  e l e c tr o n i c  o r  e l e c tr i c al  e q u i p m e n t,  s u c h  a s
th a t fo u n d  i n  c o n tr o l  r o o m s  o r  e l e c tr o n i c  e q u i p m e n t r o o m s ,
wh e r e  o n l y C l as s  A s u r fa c e  fres  o r  C l as s  C  e l e c tr i c al  h a z a r d s  ar e
p r e s e n t.

N 3 . 3 . 1 0 *  D e e p - S e ate d  Fi re .    C o m b u s ti o n  th at o c c u r s  wi th i n  a
fu e l  m as s  an d  h a s  r e s tr i c te d  a c c e s s  to  am b i e n t ai r  wh e r e  th e
confguration  o f th e  fu e l  r e s tr i c ts  h e a t fow fr o m  th e  c o m b u s ‐
ti o n  z o n e  to  th e  s u r r o u n d i n g s .

3 . 3 . 1 1  D e s i gn  C o n c e n trati o n .

3 . 3 . 1 1 . 1 *  Final Design Concentration (FDC) .    T h e  ac tu al
c o n c e n tr a ti o n  o f ag e n t d i s c h a r ge d  i n to  th e  e n c l o s u r e .

N 3 . 3 . 1 1 . 2  Inerting Concentration.    T h e  ag e n t c o n c e n tr ati o n  a t
wh i c h  an  a tm o s p h e r e  c o n ta i n i n g a  s to i c h i o m e tr i c  m i x tu r e

o f ai r  a n d  fu e l  i s  r e n d e r e d  nonfammable.

Δ 3 . 3 . 1 1 . 3 *  Minimum Design Concentration (MDC) .    T h e  tar g e t
ag e n t c o n c e n tr ati o n  d e te r m i n e d  b y ap p l yi n g  a s afe ty fac to r

to  th e  m i n i m u m  e x ti n g u i s h i n g  c o n c e n tr a ti o n  o r  i n e r ti n g
c o n c e n tr ati o n  fo r  th e  h a z a r d ( s )  to  b e  p r o te c te d .

N 3 . 3 . 1 1 . 4 *  Minimum Extinguishing Concentration (MEC) .    T h e
a ge n t c o n c e n tr ati o n  at wh i c h  e x ti n g u i s h m e n t i s  ac h i e ve d

fo r  a g i ve n  fu e l ,  a s  d e te r m i n e d  i n  ac c o r d an c e  wi th  7 . 2 . 2 . 1 . 1 ,
7 . 2 . 2 . 2 . 1 ,  o r  7 . 2 . 2 . 4  fo r  C l as s  A,  C l a s s  B ,  o r  C l as s  C  fres,

r e s p e c ti ve l y.

3 . 3 . 1 2  D e s i gn  Fac to r ( D F) .    A fr ac ti o n  o f th e  ag e n t m i n i m u m
d e s i g n  q u an ti ty ( M D Q)  a d d e d  th e r e to  d e e m e d  ap p r o p r i a te

d u e  to  a specifc  fe a tu r e  o f th e  p r o te c ti o n  a p p l i c ati o n  o r  d e s i gn
o f th e  s u p p r e s s i o n  s ys te m .

N 3 . 3 . 1 3  D i s c h arge  T i m e .    T h e  ti m e  r e q u i r e d  to  d i s c h ar g e  fr o m
th e  n o z z l e s  9 5  p e r c e n t o f th e  a ge n t m a s s  [ a t 7 0 ° F  ( 2 1 ° C ) ]
n e c e s s ar y to  a c h i e ve  th e  m i n i m u m  d e s i gn  c o n c e n tr a ti o n  b as e d

o n  a 2 0  p e r c e n t s afe ty fa c to r  fo r  fame  e x ti n g u i s h m e n t.

3 . 3 . 1 4  E n gi n e e re d  S ys te m .    A s ys te m  r e q u i r i n g  i n d i vi d u al
c a l c u l ati o n  an d  d e s i g n  to  d e te r m i n e  th e  fow r a te s ,  n o z z l e  p r e s ‐

s u r e s ,  p i p e  s i z e ,  a r e a o r  vo l u m e  p r o te c te d  b y e ac h  n o z z l e ,  q u an ‐
ti ty o f ag e n t,  an d  th e  n u m b e r  a n d  typ e s  o f n o z z l e s  an d  th e i r

p l a c e m e n t i n  a specifc  s ys te m .

3 . 3 . 1 5  Fi l l  D e n s i ty.    M as s  o f ag e n t p e r  u n i t o f c o n tai n e r
vo l u m e  ( th e  c u s to m ar y u n i ts  a r e  l b / ft3  o r  kg / m 3 ) .

3 . 3 . 1 6  Fi n al  D e s i gn  Q u an ti ty ( FD Q ) .    T h e  q u an ti ty o f ag e n t
d e te r m i n e d  fr o m  th e  ag e n t m i n i m u m  d e s i gn  q u an ti ty as  a d j u s ‐

te d  to  ac c o u n t fo r  d e s i g n  fac to r s  a n d  p r e s s u r e  ad j u s tm e n t.

3 . 3 . 1 7 *  H al o c arb o n  Age n t.    An  a ge n t th at c o n tai n s  as  p r i m ar y
c o m p o n e n ts  o n e  o r  m o r e  o r g an i c  c o m p o u n d s  c o n tai n i n g  o n e

o r  m o r e  o f th e  e l e m e n ts  fuorine,  c h l o r i n e ,  b r o m i n e ,  o r  i o d i n e .

N 3 . 3 . 1 8 *  I m p ai r m e n t.    A c o n d i ti o n  wh e r e  a  fre  p r o te c ti o n
s ys te m  o r  u n i t o r  p o r ti o n  th e r e o f i s  o u t o f o r d e r,  an d  th e  c o n d i ‐

ti o n  c an  r e s u l t i n  th e  fre  p r o te c ti o n  s ys te m  o r  u n i t n o t fu n c ‐
ti o n i n g i n  a  fre  e ve n t.

N 3 . 3 . 1 8 . 1  Emergency Impairment.    A c o n d i ti o n  wh e r e  a fre
p r o te c ti o n  s ys te m  o r  p o r ti o n  th e r e o f i s  o u t o f o r d e r  d u e  to

an  u n p l an n e d  o c c u r r e n c e ,  o r  th e  i m p ai r m e n t i s  fo u n d  wh i l e
p e r fo r m i n g  i n s p e c ti o n  te s ti n g o r  m ai n te n an c e  ac ti vi ti e s .

N 3 . 3 . 1 8 . 2  Preplanned Impairment.    A c o n d i ti o n  wh e r e  a  fre
p r o te c ti o n  s ys te m  o r  a  p o r ti o n  th e r e o f i s  o u t o f s e r vi c e  d u e
to  wo r k p l an n e d  i n  ad va n c e .

Δ 3 . 3 . 1 9  I n e r t G as  Age n t.    An  ag e n t th at c o n ta i n s  o n e  o r  m o r e
o f th e  fo l l o wi n g  g as e s  as  c o m p o n e n ts :  h e l i u m ,  n e o n ,  a r go n ,  o r

n i tr o g e n ,  an d  th at c an  a l s o  c o n ta i n  c ar b o n  d i o x i d e  a s  a m i n o r
c o m p o n e n t.

3 . 3 . 2 0  I n s p e c ti o n .    A vi s u al  e x a m i n ati o n  o f a  s ys te m  o r  p o r ti o n
th e r e o f to  ve r i fy th at i t ap p e a r s  to  b e  i n  o p e r ati n g  c o n d i ti o n

a n d  i s  fr e e  o f p h ys i c al  d am ag e .

3 . 3 . 2 1  L o c al  Ap p l i c ati o n  S ys te m .    A s ys te m  c o n s i s ti n g o f a
s u p p l y o f e x ti n gu i s h i n g  a ge n t ar r a n ge d  to  d i s c h ar g e  d i r e c tl y o n

th e  b u r n i n g m ate r i a l .  [ 1 2 ,  2 0 2 1 ]
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3 . 3 . 2 2  L o c k o u t Val ve .    A m an u a l l y o p e r a te d  va l ve  i n  th e
d i s c h ar g e  p i p e  b e twe e n  th e  n o z z l e s  a n d  th e  ag e n t s u p p l y th at
c a n  b e  l o c ke d  i n  th e  c l o s e d  p o s i ti o n  to  p r e ve n t fow o f ag e n t to
th e  p r o te c te d  a r e a.

3 . 3 . 2 3  L o we s t O b s e r vab l e  Ad ve rs e  E ffe c t L e ve l  ( L O AE L ) .
T h e  l o we s t c o n c e n tr ati o n  a t wh i c h  a n  a d ve r s e  p h ys i o l o g i c a l  o r
to x i c o l o gi c al  e ffe c t h as  b e e n  o b s e r ve d .

3 . 3 . 2 4  M ac h i n e r y S p ac e .    A s p ac e  c o n tai n i n g  th e  m ai n  an d
au x i l i a r y p r o p u l s i o n  m ac h i n e r y.

3 . 3 . 2 5  M ai n te n an c e .    Wo r k p e r fo r m e d  to  e n s u r e  th a t th e
e q u i p m e n t o p e r ate s  as  d i r e c te d  b y th e  m a n u fac tu r e r.

N 3 . 3 . 2 6  M an u al  Re l e as e .    A m a n u a l l y o p e r ate d  i n i ti ati n g  d e vi c e
u s e d  to  i n i ti ate  r e l e a s e  o f fre  s u p p r e s s i o n  ag e n t.

N 3 . 3 . 2 6 . 1  Electrical Manual Release.    A m an u al  r e l e a s e  th a t i s
e l e c tr i c al l y m o n i to r e d  an d  s u p e r vi s e d  b y a r e l e a s i n g  s e r vi c e
fre  al ar m  c o n tr o l  u n i t a n d  th at,  wh e n  ac ti va te d ,  r e s u l ts  i n

e l e c tr i c al  a c tu a ti o n  o f th e  fre  e x ti n g u i s h i n g  s ys te m .

N 3 . 3 . 2 6 . 2  Mechanical Manual Release.    A m an u al  r e l e a s e
c o n n e c te d  d i r e c tl y o r  p n e u m ati c al l y to  th e  a c tu a ti n g val ve .

3 . 3 . 2 7  M ari n e  S ys te m s .    S ys te m s  i n s tal l e d  o n  s h i p s ,  b ar g e s ,
o ffs h o r e  p l atfo r m s ,  m o to r b o ats ,  a n d  p l e as u r e  c r aft.

3 . 3 . 2 8  M i n i m u m  D e s i gn  Q u an ti ty ( M D Q ) .    T h e  q u a n ti ty o f
ag e n t r e q u i r e d  to  ac h i e ve  th e  m i n i m u m  d e s i gn  c o n c e n tr a ti o n
as  c a l c u l ate d  u s i n g  th e  m e th o d  i n  7 . 3 . 1  o r  7 . 3 . 2 ,  as  ap p r o p r i a te .

3 . 3 . 2 9  M i n i m u m  D e s i gn  Te m p e rature .    T h e  m i n i m u m  an ti c i ‐
p ate d  te m p e r atu r e  wi th i n  th e  p r o te c te d  e n c l o s u r e .

3 . 3 . 3 0  N o  O b s e r ve d  Ad ve rs e  E ffe c t L e ve l  ( N O AE L ) .    T h e
h i gh e s t c o n c e n tr a ti o n  at wh i c h  n o  ad ve r s e  p h ys i o l o gi c a l  o r
to x i c o l o gi c al  e ffe c t h as  b e e n  o b s e r ve d .

3 . 3 . 3 1 *  N o r m al l y O c c u p i e d  E n c l o s u re  o r S p ac e .    An  e n c l o ‐
s u r e  o r  s p ac e  wh e r e  o n e  o r  m o r e  p e r s o n s  ar e  p r e s e n t u n d e r
n o r m a l  c o n d i ti o n s .

N 3 . 3 . 3 2  N o r m al l y U n o c c u p i e d  E n c l o s ure  o r S p ac e .    An  e n c l o ‐
s u r e  o r  s p a c e  n o t n o r m a l l y o c c u p i e d  b u t o n e  th a t c o u l d  b e
e n te r e d  o c c as i o n al l y b y o n e  o r  m o r e  p e r s o n s  fo r  b r i e f p e r i o d s .

3 . 3 . 3 3  O c c u p i ab l e  E n c l o s u re  o r S p ac e .    An  e n c l o s u r e  o r  s p a c e
th at h a s  d i m e n s i o n s  an d  p h ys i c al  c h ar a c te r i s ti c s  s u c h  th a t i t
c o u l d  b e  e n te r e d  b y a p e r s o n .

3 . 3 . 3 4  P re - E n gi n e e re d  S ys te m .    A s ys te m  h a vi n g p r e d e te r ‐
m i n e d  fow r ate s ,  n o z z l e  p r e s s u r e s ,  an d  q u an ti ti e s  o f a ge n t.
T h e s e  s ys te m s  h ave  th e  specifc  p i p e  s i z e ,  m ax i m u m  a n d  m i n i ‐
m u m  p i p e  l e n g th s ,  fexible  h o s e  specifcations,  n u m b e r  o f
fttings,  an d  n u m b e r  an d  typ e s  o f n o z z l e s  p r e s c r i b e d  b y a te s t‐
i n g  l ab o r ato r y.  T h e  h a z a r d s  p r o te c te d  b y th e s e  s ys te m s  a r e
specifcally l i m i te d  as  to  typ e  an d  s i z e  b y a te s ti n g l a b o r a to r y
b a s e d  u p o n  ac tu al  fre  te s ts .  L i m i tati o n s  o n  h az ar d s  th at c a n  b e
p r o te c te d  b y th e s e  s ys te m s  ar e  c o n tai n e d  i n  th e  m a n u fac tu r e r ’ s
i n s ta l l a ti o n  m a n u al ,  wh i c h  i s  r e fe r e n c e d  a s  p ar t o f th e  l i s ti n g.

3 . 3 . 3 5  P u m p  Ro o m .    A s p ac e  th a t c o n ta i n s  m e c h a n i c al  e q u i p ‐
m e n t fo r  h a n d l i n g,  p u m p i n g ,  o r  tr an s fe r r i n g  fammable  o r
c o m b u s ti b l e  l i q u i d s  a s  a  fu e l .

3 . 3 . 3 6  Re c o ve re d  Age n t.    Age n t th at h as  b e e n  r e m o ve d  fr o m  a
s ys te m  a n d  ke p t fo r  fu tu r e  u s e  o r  u n ti l  i t i s  d e s tr o ye d ,  wi th o u t
n e c e s s ar i l y te s ti n g o r  p r o c e s s i n g i t i n  a n y wa y.

3 . 3 . 3 7  Re c yc l e d  Age n t.    Ag e n t th at h as  b e e n  r e c o ve r e d ,  te s te d ,
an d  p r o c e s s e d  a s  n e c e s s a r y a n d  fo u n d  to  b e  i n  c o m p l i an c e  wi th
th e  q u a l i ty r e q u i r e m e n t o f 5 . 1 . 2 .

3 . 3 . 3 8  S afe ty Fac to r ( S F) .    A m u l ti p l i e r  o f th e  m i n i m u m  e x ti n ‐
gu i s h i n g  c o n c e n tr ati o n  o r  i n e r ti n g  c o n c e n tr ati o n  to  d e te r m i n e

th e  ag e n t m i n i m u m  d e s i g n  c o n c e n tr ati o n .

3 . 3 . 3 9  S e a L e ve l  E q u i val e n t o f Age n t.    T h e  a ge n t c o n c e n tr a‐
ti o n  ( vo l u m e  p e r c e n t)  a t s e a  l e ve l  fo r  wh i c h  th e  p ar ti a l  p r e s ‐

s u r e  o f ag e n t m a tc h e s  th e  a m b i e n t p a r ti al  p r e s s u r e  o f ag e n t at
a gi ve n  a l ti tu d e .

3 . 3 . 4 0  S e a L e ve l  E q u i val e n t o f O x yge n .    T h e  o x yg e n  c o n c e n ‐
tr a ti o n  ( vo l u m e  p e r c e n t)  at s e a l e ve l  fo r  wh i c h  th e  p ar ti al  p r e s ‐

s u r e  o f o x yg e n  m atc h e s  th e  a m b i e n t p a r ti al  p r e s s u r e  o f o x yge n
at a  gi ve n  al ti tu d e .

3 . 3 . 4 1  S e r vi c e .    P e r fo r m a n c e  o f m a i n te n an c e ,  r e c h a r ge ,  o r
te s ti n g .

3 . 3 . 4 2  S u p e rp re s s u ri z ati o n .    T h e  ad d i ti o n  o f g as  to  a fre
e x ti n g u i s h i n g a ge n t c o n tai n e r  to  a c h i e ve  a  specifed  p r e s s u r e
th e r e i n .

3 . 3 . 4 3  To tal  Fl o o d i n g.    T h e  a c t an d  m a n n e r  o f d i s c h ar g i n g  a n
ag e n t fo r  th e  p u r p o s e  o f ac h i e vi n g a specifed  m i n i m u m  ag e n t

c o n c e n tr a ti o n  th r o u g h o u t a  h az ar d  vo l u m e .

3 . 3 . 4 4  To tal  Fl o o d i n g S ys te m .    A s ys te m  c o n s i s ti n g o f an  ag e n t
s u p p l y an d  d i s tr i b u ti o n  n e two r k d e s i gn e d  to  ac h i e ve  a to tal
fooding  c o n d i ti o n  i n  a  h a z a r d  vo l u m e .

N 3 . 3 . 4 5  U n o c c u p i ab l e  E n c l o s u re  o r S p ac e .    An  e n c l o s u r e  o r
s p ac e  th at h a s  d i m e n s i o n s  a n d  p h ys i c a l  c h a r ac te r i s ti c s  s u c h  th at

i t c o u l d  n o t b e  e n te r e d  b y a p e r s o n .

N C h ap te r 4    G e n e ral  Re q u i re m e n ts

N 4 . 1  P e rs o n n e l  Qualifcations  an d  Trai n i n g.    T h e  d e s i gn ,  i n s tal ‐
l ati o n ,  s e r vi c e ,  an d  m a i n te n an c e  o f c l e an  ag e n t s ys te m s  s h al l  b e

p e r fo r m e d  b y th o s e  s ki l l e d  i n  c l e a n  a ge n t fre-extinguishing-
system  te c h n o l o g y.

N 4 . 1 . 1    P e r s o n s  wh o  i n s p e c t,  te s t,  m ai n tai n ,  o r  o p e r ate  fre-
extinguishing  s ys te m s  s h a l l  b e  tr ai n e d  i n  a l l  as p e c ts  o f s a fe ty
r e l ate d  to  th e  s ys te m s .

N 4 . 1 . 2    P e r s o n s  wh o  i n s p e c t,  te s t,  m ai n tai n ,  o r  s e r vi c e  c l e a n
ag e n t s ys te m s  s h a l l  b e  qualifed  an d  tr ai n e d  i n  a c c o r d an c e  wi th

1 1 . 1 . 2 .

N 4 . 2 *  U s e  an d  L i m i tati o n s  o f C l e an  Age n t S ys te m s .

N 4 . 2 . 1  P re - E n gi n e e re d  S ys te m s .    Al l  p r e - e n gi n e e r e d  s ys te m s
s h a l l  b e  i n s ta l l e d  to  p r o te c t h az ar d s  wi th i n  th e  l i m i tati o n s  th a t

h ave  b e e n  e s ta b l i s h e d  b y th e  l i s ti n g.

N 4 . 2 . 1 . 1    P r e - e n gi n e e r e d  s ys te m s  s h al l  b e  l i s te d  to  o n e  o f th e
fo l l o wi n g  typ e s :

( 1 ) T h o s e  c o n s i s ti n g  o f s ys te m  c o m p o n e n ts  d e s i gn e d  to  b e
i n s ta l l e d  ac c o r d i n g to  p r e -te s te d  l i m i tati o n s  b y a te s ti n g
l ab o r ato r y.

( 2 ) Au to m ati c  e x ti n gu i s h i n g  u n i ts  i n c o r p o r a ti n g s p e c i al
n o z z l e s ,  fow r ate s ,  m e th o d s  o f a p p l i c a ti o n ,  n o z z l e  p l a c e ‐
m e n t,  ac tu a ti o n  te c h n i q u e s ,  p i p i n g  m ate r i a l s ,  d i s c h ar g e

ti m e s ,  m o u n ti n g  te c h n i q u e s ,  an d  p r e s s u r i z a ti o n  l e ve l s
th at c o u l d  d i ffe r  fr o m  th o s e  d e tai l e d  e l s e wh e r e  i n  th i s
s tan d ar d .
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2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N 4 . 2 . 1 . 2    P r e -e n gi n e e r e d  s ys te m s  o f th e  typ e  d e s c r i b e d  i n
4 . 2 . 1 . 1 ( 1 )  s h al l  b e  p e r m i tte d  to  i n c o r p o r ate  s p e c i al  n o z z l e s ,
fow r ate s ,  m e th o d s  o f ap p l i c a ti o n ,  n o z z l e  p l a c e m e n t,  a n d  p r e s ‐

s u r i z ati o n  l e ve l s  th a t c o u l d  d i ffe r  fr o m  th o s e  d e ta i l e d  e l s e wh e r e
i n  th i s  s tan d ar d .

N 4 . 2 . 1 . 3    P r e -e n gi n e e r e d  s ys te m s  o f th e  typ e  d e s c r i b e d  i n
4 . 2 . 1 . 1 ( 1 )  an d  h avi n g  a  s p e c i al  ar r a n ge m e n t i n  a c c o r d a n c e

wi th  4 . 2 . 1 . 2  s h a l l  c o m p l y wi th  a l l  o th e r  r e q u i r e m e n ts  o f th i s
s tan d ar d .

N 4 . 2 . 2  I n c o m p ati b l e  H az ard s .    C l e a n  ag e n ts  s h al l  n o t b e  u s e d
o n  fres  i n vo l vi n g th e  fo l l o wi n g  m a te r i al s  u n l e s s  th e  a ge n ts  h ave

b e e n  te s te d  to  th e  s ati s fac ti o n  o f th e  a u th o r i ty h a vi n g j u r i s d i c ‐
ti o n :

( 1 ) C e r tai n  c h e m i c al s  o r  m i x tu r e s  o f c h e m i c a l s ,  s u c h  a s  c e l l u ‐
l o s e  n i tr a te  a n d  gu n p o wd e r,  wh i c h  a r e  c a p a b l e  o f r ap i d
o x i d ati o n  i n  th e  a b s e n c e  o f ai r

( 2 ) Re a c ti ve  m e tal s  s u c h  a s  l i th i u m ,  s o d i u m ,  p o tas s i u m ,
m a gn e s i u m ,  ti ta n i u m ,  z i r c o n i u m ,  u r a n i u m ,  an d  p l u to ‐
n i u m

( 3 ) M e tal  h yd r i d e s
( 4 ) C h e m i c al s  c a p a b l e  o f u n d e r g o i n g  au to th e r m a l  d e c o m p o ‐

s i ti o n ,  s u c h  a s  c e r tai n  o r ga n i c  p e r o x i d e s ,  p yr o p h o r i c
m a te r i al s ,  an d  h yd r a z i n e

N 4 . 2 . 3 *  H i gh - Te m p e ratu re  Ap p l i c ati o n s .    T h e  e ffe c ts  o f ag e n t
d e c o m p o s i ti o n  o n  fre  p r o te c ti o n  e ffe c ti ve n e s s  an d  e q u i p m e n t

s h a l l  b e  c o n s i d e r e d  wh e r e  c l e a n  ag e n ts  ar e  u s e d  i n  h az ar d s  wi th
h i gh  te m p e r atu r e s  ( e . g . ,  fu r n ac e s  an d  o ve n s ) .

N 4 . 2 . 4 *  P o te n ti al  E ffe c ts  o f Ac o u s ti c al  N o i s e .    T h e  p o te n ti al
e ffe c ts  o f a c o u s ti c a l  n o i s e  p r o d u c e d  b y a c ti vati o n  o f a c l e an

ag e n t fre-extinguishing  s ys te m  s h al l  b e  c o n s i d e r e d  wh e r e  s u c h
s ys te m s  a r e  u s e d  i n  a n  o c c u p a n c y c o n tai n i n g n o i s e -s e n s i ti ve

e q u i p m e n t.

N 4 . 3 *  H az ard s  to  P e rs o n n e l .

N 4 . 3 . 1 *  C l e an  Age n t E val u ati o n .    An y ag e n t th a t i s  to  b e  r e c o g‐
n i z e d  b y th i s  s tan d ar d  o r  p r o p o s e d  fo r  i n c l u s i o n  i n  th i s  s ta n d ‐

ar d  s h al l  frst b e  e val u a te d  i n  a  m a n n e r  e q u i val e n t to  th e
p r o c e s s  u s e d  b y th e  U . S .  E n vi r o n m e n tal  P r o te c ti o n  Age n c y

( E PA)  Signifcant N e w Al te r n a ti ve s  P o l i c y ( S N AP )  P r o g r am  fo r
to tal  fooding  ag e n ts .

N 4 . 3 . 2 *  E x p o s u re  to  H al o c arb o n  Age n ts .    U n n e c e s s ar y e x p o ‐
s u r e  to  h a l o c ar b o n  c l e a n  a ge n ts  — i n c l u d i n g e x p o s u r e  a t an d
b e l o w th e  n o  o b s e r va b l e  ad ve r s e  e ffe c ts  l e ve l  ( N O AE L )  — an d

h a l o c ar b o n  d e c o m p o s i ti o n  p r o d u c ts  s h a l l  b e  avo i d e d .

N 4 . 3 . 2 . 1    M e an s  s h a l l  b e  p r o vi d e d  to  l i m i t e x p o s u r e  to  h al o c ar ‐
b o n  ag e n ts  to  n o  l o n g e r  th an  5  m i n u te s .

N 4 . 3 . 2 . 2    U n p r o te c te d  p e r s o n n e l  s h a l l  n o t e n te r  a p r o te c te d
s p ac e  d u r i n g o r  afte r  a ge n t d i s c h ar g e .

N 4 . 3 . 2 . 3 *    T h e  fo l l o wi n g  a d d i ti o n al  p r o vi s i o n s  s h al l  ap p l y:

( 1 ) H al o c a r b o n  s ys te m s  fo r  s p ac e s  th a t ar e  n o r m al l y o c c u p i e d
a n d  d e s i g n e d  to  c o n c e n tr ati o n s  u p  to  th e  N O AE L  [see
Table 4. 3. 2. 3(a)] s h al l  b e  p e r m i tte d .

( 2 ) H al o c a r b o n  s ys te m s  fo r  s p ac e s  th a t ar e  n o r m al l y o c c u p i e d
a n d  d e s i gn e d  to  c o n c e n tr ati o n s  a b o ve  th e  N O AE L  [see

Table 4. 3. 2. 3(a)] s h al l  b e  p e r m i tte d  i f m e an s  ar e  p r o vi d e d
to  l i m i t e x p o s u r e  to  th e  d e s i g n  c o n c e n tr a ti o n s  s h o wn  i n

Tab l e  4 . 3 . 2 . 3 ( b )  th r o u gh  Tab l e  4 . 3 . 2 . 3 ( e )  th a t c o r r e s p o n d
to  an  al l o wab l e  h u m an  e x p o s u r e  ti m e  o f 5  m i n u te s .

( 3 ) H i g h e r  d e s i gn  c o n c e n tr ati o n s  as s o c i ate d  wi th  h u m an
e x p o s u r e  ti m e s  l e s s  th a n  5  m i n u te s  a s  s h o wn  i n  Tab l e
4 . 3 . 2 . 3 ( b )  th r o u g h  Ta b l e  4 . 3 . 2 . 3 ( e )  s h a l l  n o t b e  p e r m i tte d
i n  n o r m a l l y o c c u p i e d  s p ac e s .

( 4 ) I n  s p ac e s  th a t a r e  n o t n o r m al l y o c c u p i e d  an d  th at a r e
p r o te c te d  b y a h a l o c ar b o n  s ys te m  d e s i g n e d  to  c o n c e n tr a‐

ti o n s  a b o ve  th e  l o we s t o b s e r va b l e  ad ve r s e  e ffe c ts  l e ve l
( L O AE L )  [see Table 4. 3. 2. 3(a)]  a n d  wh e r e  p e r s o n n e l  c o u l d

p o s s i b l y b e  e x p o s e d ,  m e a n s  s h al l  b e  p r o vi d e d  to  l i m i t
e x p o s u r e  ti m e s  u s i n g Ta b l e  4 . 3 . 2 . 3 ( b )  th r o u gh  Tab l e
4 . 3 . 2 . 3 ( e ) .

( 5 ) I n  s p ac e s  th a t a r e  n o t n o r m al l y o c c u p i e d  an d  i n  th e
a b s e n c e  o f th e  i n fo r m ati o n  n e e d e d  to  fulfll  th e  c o n d i ‐
ti o n s  i n  4 . 3 . 2 . 3 ( 4 ) ,  th e  fo l l o wi n g  p r o vi s i o n s  s h a l l  a p p l y:

( a) Wh e r e  e g r e s s  ta ke s  l o n ge r  th a n  3 0  s e c o n d s  b u t l e s s
th an  1  m i n u te ,  th e  h a l o c ar b o n  ag e n t s h al l  n o t b e

u s e d  i n  a  c o n c e n tr a ti o n  e x c e e d i n g i ts  L O AE L .
( b ) C o n c e n tr a ti o n s  e x c e e d i n g th e  L O AE L  s h a l l  b e

p e r m i tte d  p r o vi d e d  th a t an y p e r s o n n e l  i n  th e  ar e a
c a n  e s c a p e  wi th i n  3 0  s e c o n d s .

( c ) A p r e - d i s c h ar g e  al ar m  a n d  ti m e  d e l a y s h al l  b e  p r o vi ‐
d e d  i n  ac c o r d an c e  wi th  th e  p r o vi s i o n s  o f S e c ti o n  9 . 7
o f th i s  s tan d a r d .

N Tab l e  4 . 3 . 2 . 3 ( a)  I n fo r m ati o n  fo r H al o c arb o n  C l e an  Age n ts

Age n t
N O AE L

( vo l  % )
L O AE L

( vo l  % )

F K- 5 -1 -1 2 1 0 . 0 > 1 0 . 0
H C F C  B l e n d  A 1 0 . 0 > 1 0 . 0
H C F C -1 2 4 1 . 0 2 . 5
H F C -1 2 5 7 . 5 1 0 . 0
H F C -2 2 7 e a 9 . 0 1 0 . 5
H F C -2 3 3 0 > 3 0
H F C -2 3 6 fa 1 0 1 5
H F C  B l e n d  B * 5 . 0 * 7 . 5 *
H B -5 5 8 . 7 % > 8 . 7 %

* T h e s e  val u e s  a r e  fo r  th e  l a r g e s t c o m p o n e n t o f th e  b l e n d  ( H F C  1 3 4 A) .

N Tab l e  4 . 3 . 2 . 3 ( b )  T i m e  fo r S afe  H u m an  E x p o s u re  at S tate d
C o n c e n trati o n s  fo r H FC - 1 2 5

H FC - 1 2 5
C o n c e n trati o n

M axi m um  P e r m i tte d
H u m an  E x p o s u re  T i m e

( m i n )vo l  % p p m

7 . 5 7 5 , 0 0 0 5 . 0 0
8 . 0 8 0 , 0 0 0 5 . 0 0
8 . 5 8 5 , 0 0 0 5 . 0 0
9 . 0 9 0 , 0 0 0 5 . 0 0
9 . 5 9 5 , 0 0 0 5 . 0 0

1 0 . 0 1 0 0 , 0 0 0 5 . 0 0
1 0 . 5 1 0 5 , 0 0 0 5 . 0 0
1 1 . 0 1 1 0 , 0 0 0 5 . 0 0
1 1 . 5 1 1 5 , 0 0 0 5 . 0 0
1 2 . 0 1 2 0 , 0 0 0 1 . 6 7
1 2 . 5 1 2 5 , 0 0 0 0 . 5 9
1 3 . 0 1 3 0 , 0 0 0 0 . 5 4
1 3 . 5 1 3 5 , 0 0 0 0 . 4 9

N o te s :
( 1 )  D a ta  d e r i ve d  fr o m  th e  E PA-a p p r o ve d  a n d  p e e r- r e vi e we d  p h ys i o l o g i ‐
c a l l y b a s e d  p h a r m a c o ki n e ti c  ( P B P K)  m o d e l  o r  i ts  e q u i va l e n t.
( 2 )  B a s e d  o n  L O AE L  o f 1 0 . 0  p e r c e n t i n  d o g s .
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N Tab l e  4 . 3 . 2 . 3 ( c )  T i m e  fo r S afe  H u m an  E x p o s u re  at S tate d
C o n c e n trati o n s  fo r H FC - 2 2 7 e a

H FC - 2 2 7 e a
C o n c e n trati o n

M ax i m u m  P e r m i tte d
H u m an  E x p o s u re  T i m e

( m i n )vo l  % p p m

9 . 0 9 0 , 0 0 0 5 . 0 0
9 . 5 9 5 , 0 0 0 5 . 0 0

1 0 . 0 1 0 0 , 0 0 0 5 . 0 0
1 0 . 5 1 0 5 , 0 0 0 5 . 0 0
1 1 . 0 1 1 0 , 0 0 0 1 . 1 3
1 1 . 5 1 1 5 , 0 0 0 0 . 6 0
1 2 . 0 1 2 0 , 0 0 0 0 . 4 9

N o te s :
( 1 )  D a ta  d e r i ve d  fr o m  th e  E PA- ap p r o ve d  a n d  p e e r- r e vi e we d  P B P K
m o d e l  o r  i ts  e q u i val e n t.
( 2 )  B as e d  o n  L O AE L  o f 1 0 . 5  p e r c e n t i n  d o g s .

N Tab l e  4 . 3 . 2 . 3 ( d )  T i m e  fo r S afe  H u m an  E x p o s u re  at S tate d
C o n c e n trati o n s  fo r H FC - 2 3 6 fa

H FC - 2 3 6 fa
C o n c e n trati o n

M ax i m u m  P e r m i tte d
H u m an  E x p o s u re  T i m e

( m i n )vo l  % p p m

1 0 . 0 1 0 0 , 0 0 0 5 . 0 0
1 0 . 5 1 0 5 , 0 0 0 5 . 0 0
1 1 . 0 1 1 0 , 0 0 0 5 . 0 0
1 1 . 5 1 1 5 , 0 0 0 5 . 0 0
1 2 . 0 1 2 0 , 0 0 0 5 . 0 0
1 2 . 5 1 2 5 , 0 0 0 5 . 0 0
1 3 . 0 1 3 0 , 0 0 0 1 . 6 5
1 3 . 5 1 3 5 , 0 0 0 0 . 9 2
1 4 . 0 1 4 0 , 0 0 0 0 . 7 9
1 4 . 5 1 4 5 , 0 0 0 0 . 6 4
1 5 . 0 1 5 0 , 0 0 0 0 . 4 9

N o te s :
( 1 )  D a ta  d e r i ve d  fr o m  th e  E PA- ap p r o ve d  a n d  p e e r- r e vi e we d  P B P K
m o d e l  o r  i ts  e q u i val e n t.
( 2 )  B as e d  o n  L O AE L  o f 1 5 . 0  p e r c e n t i n  d o g s .

N Tab l e  4 . 3 . 2 . 3 ( e )  T i m e  fo r S afe  H u m an  E x p o s u re  at S tate d
C o n c e n trati o n s  fo r FI C - 1 3 I 1

FI C - 1 3 I 1
C o n c e n trati o n

M ax i m u m  P e r m i tte d
H u m an  E x p o s u re  T i m e

( m i n )vo l  % p p m

0 . 2 0 2 0 0 0 5 . 0 0
0 . 2 5 2 5 0 0 5 . 0 0
0 . 3 0 3 0 0 0 5 . 0 0
0 . 3 5 3 5 0 0 4 . 3 0
0 . 4 0 4 0 0 0 0 . 8 5
0 . 4 5 4 5 0 0 0 . 4 9
0 . 5 0 5 0 0 0 0 . 3 5

N o te s :
( 1 )  D a ta  d e r i ve d  fr o m  th e  E PA- ap p r o ve d  a n d  p e e r- r e vi e we d  P B P K
m o d e l  o r  i ts  e q u i val e n t.
( 2 )  B as e d  o n  L O AE L  o f 0 . 4  p e r c e n t i n  d o g s .

N 4 . 3 . 3 *  E x p o s u re  to  I n e r t G as  Age n ts .    U n n e c e s s ar y p e r s o n n e l
e x p o s u r e  to  l o w- o x yge n  a tm o s p h e r e s  r e s u l ti n g  fr o m  d i s c h a r ge

o f i n e r t g as  ag e n t s ys te m s  s h a l l  b e  avo i d e d .

N 4 . 3 . 3 . 1    M e an s  s h al l  b e  p r o vi d e d  to  l i m i t p e r s o n n e l  e x p o s u r e
to  l o w-o x yg e n  atm o s p h e r e s  to  n o  l o n g e r  th an  5  m i n u te s .

N 4 . 3 . 3 . 2    T h e  a tm o s p h e r i c  c o r r e c ti o n  fa c to r s  specifed  i n  Tab l e
7 . 3 . 3 . 3  s h al l  b e  c o n s i d e r e d  wh e n  d e te r m i n i n g  th e  i n e r t ga s

d e s i g n  c o n c e n tr ati o n s .

N 4 . 3 . 3 . 3 *    A p r e -d i s c h a r ge  al a r m  an d  ti m e  d e l ay s h al l  b e  p r o vi ‐
d e d  i n  a c c o r d an c e  wi th  th e  p r o vi s i o n s  o f S e c ti o n  9 . 7  o f th i s
s tan d ar d .

N 4 . 3 . 3 . 4    P e r s o n n e l  wi th o u t p r o p e r  p e r s o n al  p r o te c ti ve  e q u i p ‐
m e n t s h al l  n o t e n te r  th e  p r o te c te d  s p ac e  d u r i n g  ag e n t

d i s c h ar g e  o r  afte r  a ge n t d i s c h a r ge  wh i l e  a  l o w-o x yg e n  atm o s ‐
p h e r e  s ti l l  e x i s ts .

N 4 . 3 . 3 . 5    T h e  fo l l o wi n g  ad d i ti o n al  p r o vi s i o n s  s h a l l  a p p l y:

( 1 ) I n e r t ga s  s ys te m s  d e s i g n e d  to  c o n c e n tr a ti o n s  b e l o w
4 3  p e r c e n t ( c o r r e s p o n d i n g to  an  o x yg e n  c o n c e n tr a ti o n  o f
1 2  p e r c e n t,  s e a l e ve l  e q u i val e n t o f o x yge n )  s h al l  b e

p e r m i tte d  wh e r e  m e an s  a r e  p r o vi d e d  to  l i m i t p e r s o n n e l
e x p o s u r e  to  n o  l o n g e r  th a n  5  m i n u te s .

( 2 ) I n e r t g as  s ys te m s  d e s i gn e d  to  c o n c e n tr ati o n s  b e twe e n  4 3
an d  5 2  p e r c e n t ( c o r r e s p o n d i n g  to  b e twe e n  1 2  an d

1 0  p e r c e n t o x yge n ,  s e a l e ve l  e q u i va l e n t o f o x yg e n )  s h a l l
b e  p e r m i tte d  wh e r e  m e a n s  a r e  p r o vi d e d  to  l i m i t p e r s o n ‐

n e l  e x p o s u r e  to  n o  l o n ge r  th an  3  m i n u te s .
( 3 ) I n e r t g as  s ys te m s  d e s i gn e d  to  c o n c e n tr ati o n s  b e twe e n  5 2

an d  6 2  p e r c e n t ( c o r r e s p o n d i n g  to  b e twe e n  1 0  an d
8  p e r c e n t o x yge n ,  s e a  l e ve l  e q u i va l e n t o f o x yg e n )  s h al l  b e
p e r m i tte d  g i ve n  th e  fo l l o wi n g:

( a) T h e  s p a c e  i s  n o r m al l y u n o c c u p i e d .
( b ) Wh e r e  p e r s o n n e l  c o u l d  p o s s i b l y b e  e x p o s e d ,  m e a n s

a r e  p r o vi d e d  to  l i m i t th e  e x p o s u r e  to  l e s s  th an
3 0  s e c o n d s .

( 4 ) I n e r t g as  s ys te m s  d e s i g n e d  to  c o n c e n tr a ti o n s  ab o ve
6 2  p e r c e n t ( c o r r e s p o n d i n g  to  8  p e r c e n t o x yge n  o r  b e l o w,
s e a  l e ve l  e q u i val e n t o f o x yg e n )  s h al l  b e  u s e d  o n l y i n  u n o c ‐

c u p i e d  a r e as  wh e r e  p e r s o n n e l  ar e  n o t e x p o s e d  to  s u c h
o x yge n  d e p l e ti o n .

N 4 . 3 . 4 *  E gre s s  T i m e  S tu d y.    An  e g r e s s  ti m e  s tu d y s h al l  b e
p e r fo r m e d  to  ve r i fy th a t th e  m ax i m u m  e x p o s u r e  ti m e  l i m i ts  i n

4 . 3 . 2  an d  4 . 3 . 3  a r e  ac h i e ve d .

N 4 . 3 . 5 *  S afe gu ard s .    S u i ta b l e  s a fe g u a r d s  s h a l l  b e  p r o vi d e d  to
e n s u r e  p r o m p t e vac u a ti o n  o f,  a n d  p r e ve n t e n tr y i n to ,  h a z a r d ‐

o u s  atm o s p h e r e s  a n d  to  p r o vi d e  m e a n s  fo r  p r o m p t r e s c u e  o f
an y tr ap p e d  p e r s o n n e l .

N 4 . 3 . 6 *  Ad j ac e n t Are as .    C o n s i d e r ati o n  s h al l  b e  gi ve n  to  th e
p o s s i b i l i ty o f a c l e an  ag e n t m i gr a ti n g to  a d j ac e n t a r e as  o u ts i d e

o f th e  p r o te c te d  s p ac e .

N 4 . 3 . 7 *  O c c u p i ab l e  S p ac e s .    S ys te m s  p r o te c ti n g o c c u p i ab l e
s p ac e s  wh e r e  th e  c l e an  a ge n t d e s i g n  c o n c e n tr a ti o n  a n d  e g r e s s

ti m e  e x c e e d s  th e  d e s i gn  c o n c e n tr ati o n  an d  c o r r e s p o n d i n g
e gr e s s  ti m e  a p p r o ve d  fo r  u s e  i n  n o r m a l l y o c c u p i e d  s p ac e s  i n

a c c o r d an c e  wi th  4 . 3 . 2  fo r  h a l o c ar b o n  ag e n ts  o r  4 . 3 . 3  fo r  i n e r t
ga s  a ge n ts  s h a l l  i n c l u d e  th e  fo l l o wi n g :

( 1 ) S u p e r vi s e d  s ys te m  l o c ko u t val ve s
( 2 ) P n e u m a ti c  p r e -d i s c h a r ge  al ar m s
( 3 ) P n e u m a ti c  ti m e  d e l ays
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( 4 ) War n i n g s i g n s

N 4 . 3 . 7 . 1 *    P n e u m a ti c  p r e - d i s c h ar g e  a l a r m s  s h a l l  b e  o p e r a te d  b y
an  i n e r t ga s .

N 4 . 3 . 7 . 2    F o r  a n  i n e r t g as  c l e a n  a ge n t fre-extinguishing  s ys te m ,
th e  q u an ti ty o f i n e r t g as  d i s c h a r ge d  to  o p e r a te  a p n e u m a ti c
p r e -d i s c h a r ge  a l a r m  d i s c h ar g i n g  i n to  th e  p r o te c te d  s p a c e  s h a l l
b e  c o n s i d e r e d ,  to g e th e r  wi th  th e  q u a n ti ty o f a ge n t d i s c h a r ge d ,
wh e n  m aki n g  a  d e te r m i n a ti o n  o f p o s t-d i s c h ar g e  o x yg e n
c o n c e n tr a ti o n  wi th  r e s p e c t to  c o m p l i a n c e  wi th  th e  r e q u i r e ‐
m e n ts  o f 4 . 3 . 3 .

N 4 . 3 . 8  War n i n g S i gn s .    Wa r n i n g  an d  i n s tr u c ti o n  s i g n s  s h a l l  b e
p r o vi d e d  a t th e  fo l l o wi n g  l o c ati o n s :

( 1 ) E n tr an c e s  to  p r o te c te d  a r e as
( 2 ) I n s i d e  p r o te c te d  a r e as
( 3 ) O u ts i d e  e ac h  e n tr a n c e  to  c yl i n d e r  s to r ag e  r o o m s

N 4 . 3 . 8 . 1    Wa r n i n g  a n d  s afe ty i n s tr u c ti o n  s i g n s  s h al l  b e  l o c a te d
s u c h  th at th e y wi l l  b e  vi s i b l e  to  p e r s o n n e l  i n  th e  ar e a.

N 4 . 3 . 8 . 2    T h e  s a fe ty s i gn  fo r m a t an d  c o l o r  an d  th e  l e tte r  s tyl e  o f
th e  s i gn a l  wo r d s  s h a l l  b e  i n  a c c o r d an c e  wi th  AN S I  Z 5 3 5 . 2 ,
Standard for Environmental and Facility Safety Signs.

N 4 . 4  S ys te m  Te c h n i c i an  S afe ty.

N 4 . 4 . 1    B e fo r e  s ys te m  c yl i n d e r s  ar e  h a n d l e d  o r  m o ve d ,  th e
fo l l o wi n g  s te p s  s h al l  b e  take n :

( 1 ) C yl i n d e r  o u tl e ts  s h a l l  b e  ftted  wi th  an ti -r e c o i l  d e vi c e s ,
c yl i n d e r  c a p s ,  o r  b o th ,  wh e n e ve r  th e  c yl i n d e r  o u tl e t i s  n o t

c o n n e c te d  to  th e  s ys te m  p i p e  i n l e t.
( 2 ) Ac tu a to r s  s h a l l  b e  d i s ab l e d  o r  r e m o ve d  b e fo r e  c yl i n d e r s

ar e  r e m o ve d  fr o m  r e tai n i n g  b r a c ke ti n g .

N 4 . 4 . 2    S afe  h a n d l i n g p r o c e d u r e s  s h a l l  b e  fo l l o we d  wh e n  tr a n s ‐
p o r ti n g s ys te m  c yl i n d e r s .

N 4 . 4 . 2 . 1    E q u i p m e n t d e s i gn e d  fo r  tr a n s p o r ti n g c yl i n d e r s  s h a l l
b e  u s e d .

N 4 . 4 . 2 . 2    Wh e r e  d o l l i e s  o r  c ar ts  a r e  u s e d ,  c yl i n d e r s  s h al l  b e
s e c u r e d .

N 4 . 4 . 3    T h e  s ys te m  m an u fa c tu r e r ’ s  s e r vi c e  p r o c e d u r e s  s h a l l  b e
fo l l o we d  fo r  specifc  d e tai l s  o n  s ys te m  o p e r ati o n ,  m a i n te n an c e ,
an d  s afe ty c o n s i d e r ati o n s .

N 4 . 5  E l e c tri c al  C l e aran c e s .

N 4 . 5 . 1    Al l  s ys te m  c o m p o n e n ts  s h a l l  b e  l o c ate d  to  m a i n tai n  n o
l e s s  th an  m i n i m u m  c l e ar an c e s  fr o m  e n e r gi z e d  e l e c tr i c al  p ar ts .

N 4 . 5 . 2    T h e  fo l l o wi n g  r e fe r e n c e s  s h al l  b e  c o n s i d e r e d  a s  th e
m i n i m u m  e l e c tr i c al  c l e ar an c e  r e q u i r e m e n ts  fo r  th e  i n s tal l a ti o n
o f c l e an  a ge n t s ys te m s :

( 1 ) I E E E  C 2 ,  National Electrical Safety Code
( 2 ) NFPA 70
( 3 ) 2 9  C F R 1 9 1 0 ,  S u b p ar t S ,  “ E l e c tr i c al  E n gi n e e r i n g ”

N 4 . 5 . 3    Wh e r e  th e  d e s i g n  b a s i c  i n s u l a ti o n  l e ve l  ( B I L )  i s  n o t avai l ‐
ab l e  a n d  wh e r e  n o m i n a l  vo l tag e  i s  u s e d  fo r  th e  d e s i g n  c r i te r i a ,
th e  h i g h e s t m i n i m u m  c l e ar an c e  fo r  th i s  gr o u p  s h al l  b e  u s e d .

N 4 . 5 . 4    T h e  s e l e c te d  c l e a r an c e  to  g r o u n d  s h al l  s ati s fy th e  g r e ate r
o f th e  s wi tc h i n g s u r g e  o r  B I L  d u ty,  r ath e r  th a n  b e i n g b as e d  o n
n o m i n al  vo l tag e .

N 4 . 5 . 5 *    T h e  c l e a r an c e  b e twe e n  u n i n s u l ate d ,  e n e r g i z e d  p ar ts  o f
th e  e l e c tr i c a l  s ys te m  e q u i p m e n t a n d  a n y p o r ti o n  o f th e  c l e a n

a ge n t s ys te m  s h al l  n o t b e  l e s s  th an  th e  m i n i m u m  c l e ar a n c e
p r o vi d e d  e l s e wh e r e  fo r  e l e c tr i c al  s ys te m  i n s u l ati o n  o n  a n y i n d i ‐
vi d u a l  c o m p o n e n t.

N 4 . 5 . 6    Wh e r e  B I L  i s  n o t a va i l ab l e  a n d  wh e r e  n o m i n a l  vo l ta ge  i s
u s e d  fo r  th e  d e s i g n  c r i te r i a,  th e  h i gh e s t m i n i m u m  c l e ar a n c e  fo r
th i s  g r o u p  s h al l  b e  u s e d .

N 4 . 6 *  E n vi ro n m e n tal  Fac to rs .    S e l e c ti o n  o f th e  ap p r o p r i ate  fre
s u p p r e s s i o n  a ge n t s h al l  i n c l u d e  c o n s i d e r a ti o n  o f th e  fo l l o wi n g

i te m s :

( 1 ) P o te n ti a l  e n vi r o n m e n tal  e ffe c t o f a  fre  i n  th e  p r o te c te d
a r e a

( 2 ) P o te n ti a l  e n vi r o n m e n tal  i m p ac ts ,  i n c l u d i n g ,  b u t n o t l i m i ‐
te d  to ,  o z o n e  d e p l e ti o n  p o te n ti al  ( O D P )  an d  g l o b al
war m i n g  p o te n ti al  ( GWP )  o f th e  c l e an  ag e n ts  th at c o u l d

b e  u s e d

N 4 . 7  Retroft.    Retroft o f an y c l e a n  a ge n t i n to  an  e x i s ti n g  fre-
extinguishing  s ys te m  s h a l l  r e s u l t i n  a s ys te m  th at i s  l i s te d  o r

a p p r o ve d .

N 4 . 8  C o m p ati b i l i ty wi th  O th e r Age n ts .

N 4 . 8 . 1 *    M i x i n g  o f ag e n ts  i n  th e  s am e  c o n tai n e r  s h al l  b e  p e r m i t‐
te d  o n l y i f th e  s ys te m  i s  l i s te d .

N 4 . 8 . 2    S ys te m s  e m p l o yi n g  th e  s i m u l tan e o u s  d i s c h a r ge  o f d i ffe r ‐
e n t a ge n ts  to  p r o te c t th e  s a m e  e n c l o s e d  s p a c e  s h al l  n o t b e

p e r m i tte d .

C h ap te r 5    C o m p o n e n ts

5 . 1  Age n t S u p p l y.

5 . 1 . 1  Q u an ti ty.

5 . 1 . 1 . 1  P ri m ar y Age n t S u p p l y.    T h e  q u an ti ty o f a ge n t i n  th e
s ys te m  p r i m ar y a ge n t s u p p l y s h al l  b e  at l e a s t suffcient fo r  th e
l ar g e s t s i n g l e  h az ar d  to  b e  p r o te c te d  o r  g r o u p  o f h a z a r d s  to  b e

p r o te c te d  s i m u l ta n e o u s l y.

5 . 1 . 1 . 2 *  Re s e r ve  Age n t S u p p l y.    Wh e r e  r e q u i r e d ,  a  r e s e r ve
a ge n t s u p p l y s h a l l  c o n s i s t o f as  m a n y m u l ti p l e s  o f th e  p r i m ar y

ag e n t s u p p l y as  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  c o n s i d e r s
n e c e s s ar y.

5 . 1 . 1 . 3  U n i n te r r u p te d  P ro te c ti o n .    Wh e r e  u n i n te r r u p te d
p r o te c ti o n  i s  r e q u i r e d ,  b o th  th e  p r i m a r y an d  th e  r e s e r ve  ag e n t

s u p p l i e s  s h al l  b e  p e r m an e n tl y c o n n e c te d  to  th e  d i s tr i b u ti o n
p i p i n g  an d  a r r an g e d  fo r  e as y c h a n ge o ve r.

Δ 5 . 1 . 2 *  Q u al i ty.    Ag e n t,  i n c l u d i n g r e c yc l e d  a ge n t,  s h a l l  m e e t
th e  s ta n d ar d s  o f q u al i ty gi ve n  i n  Tab l e  5 . 1 . 2 ( a)  th r o u g h  Tab l e
5 . 1 . 2 ( e ) .

N 5 . 1 . 2 . 1    E ac h  b atc h  o f a ge n t,  b o th  r e c yc l e d  a n d  n e wl y m an u fa c ‐
tu r e d ,  s h al l  b e  te s te d  an d  certifed  to  th e  specifcations  g i ve n  i n
th e  tab l e s .

N 5 . 1 . 2 . 2    Age n t b l e n d s  s h al l  r e m ai n  h o m o ge n e o u s  i n  s to r a ge
an d  u s e  wi th i n  th e  l i s te d  te m p e r atu r e  r an g e  a n d  c o n d i ti o n s  o f
s e r vi c e  th at th e y wi l l  e n c o u n te r.

N 5 . 1 . 2 . 3 *    U p p e r  l i m i t th r e s h o l d  c o n c e n tr ati o n s  s h al l  b e  e s ta b ‐
l i s h e d  fo r  an y i m p u r i ty th a t c o u l d  r e s u l t i n  ac u te  to x i c i ty at

c o n c e n tr a ti o n s  b e l o w th e  c a r d i ac  s e n s i ti z a ti o n  N O AE L .



C O M P O N E N T S 2 0 0 1 - 1 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

N 5 . 1 . 2 . 4    T h e  u p p e r  l i m i t th r e s h o l d  c o n c e n tr ati o n s  o f i m p u r i ty,
d e te r m i n e d  i n  ac c o r d an c e  wi th  5 . 1 . 2 . 3 ,  s h a l l  n o t b e  e x c e e d e d
i n  th e  ag e n t.

Δ 5 . 1 . 3  S to rage  C o n tai n e r Ar ran ge m e n t.

5 . 1 . 3 . 1    S to r a ge  c o n ta i n e r s  an d  a c c e s s o r i e s  s h a l l  b e  l o c ate d  a n d
a r r an g e d  s o  th at i n s p e c ti o n ,  te s ti n g ,  r e c h a r gi n g,  a n d  o th e r

m a i n te n an c e  a c ti vi ti e s  ar e  fa c i l i ta te d  an d  i n te r r u p ti o n  o f
p r o te c ti o n  i s  h e l d  to  a  m i n i m u m .

Tab l e  5 . 1 . 2 ( a)  H al o ge n ate d  Age n t Q u al i ty Re q ui re m e n ts

P ro p e r ty Specifcation

Ag e n t p u r i ty,  m o l e  % ,  m i n i m u m 9 9 . 0
Ac i d i ty,  p p m  ( b y we i g h t H C l  e q u i val e n t) ,  

m a x i m u m
3 . 0

Wate r  c o n te n t,  we i g h t % ,  m ax i m u m 0 . 0 0 1
N o n vo l ati l e  r e s i d u e s ,  g/ 1 0 0  m l  m a x i m u m 0 . 0 5

Tab l e  5 . 1 . 2 ( b )  I n e r t G as  Age n t Q ual i ty Re q u i re m e n ts

C o m p o s i ti o n G as I G - 0 1 I G - 1 0 0 I G - 5 4 1 I G - 5 5

C o m p o s i ti o n ,  
%  b y vo l u m e

N 2 M i n i m u m
 9 9 . 9 %

5 2 %  ±  4 % 5 0 %  ±  5 %

Ar M i n i m u m
 9 9 . 9 %

4 0 %  ±  4 % 5 0 %  ±  5 %

C O 2 8 %  +  1 %  
-  0 . 0 %

Wa te r  c o n te n t,  
%  b y we i g h t

M a x i m u m
 0 . 0 0 5 %

M a x i m u m
 0 . 0 0 5 %

M a x i m u m
 0 . 0 0 5 %

M a x i m u m  
0 . 0 0 5 %

Tab l e  5 . 1 . 2 ( c )  H C FC  B l e n d  A Q u al i ty Re q u i re m e n ts

C o m p o n e n t
Am o u n t

( we i gh t % )

H C F C -2 2 8 2 %  ±  0 . 8 %
H C F C -1 2 4 9 . 5 0 %  ±  0 . 9 %
H C F C -1 2 3 4 . 7 5 %  ±  0 . 5 %
I s o p r o p e n yl -1 -

m e th yl c yc l o h e x e n e
3 . 7 5 %  ±  0 . 5 %

Δ Tab l e  5 . 1 . 2 ( d )  H FC  B l e n d  B  Q ual i ty Re q u i re m e n ts

C o m p o n e n t
Am o un t

( we i gh t % )

H F C -1 3 4 a 8 6 %  ±  5 %
H F C -1 2 5 9 %  ±  3 %
C O 2 5 %  ±  2 %

N Tab l e  5 . 1 . 2 ( e )  H B - 5 5  Q u al i ty Re q u i re m e n ts

C o m p o n e n t
Am o un t

( we i gh t % )

H F O -1 2 3 3 z d 5 0 %  ±  3 %
F K-5 - 1 -1 2 5 0 %  ±  3 %

5 . 1 . 3 . 2 *    S to r ag e  c o n ta i n e r s  s h al l  b e  p e r m i tte d  to  b e  l o c a te d
wi th i n  o r  o u ts i d e  th e  h az ar d  o r  h a z a r d s  th e y p r o te c t.

5 . 1 . 3 . 3    Ag e n t s to r ag e  c o n ta i n e r s  s h al l  n o t b e  l o c ate d  wh e r e
th e y c a n  b e  r e n d e r e d  i n o p e r ab l e  o r  u n r e l i a b l e  d u e  to  m e c h an i ‐

c a l  d a m ag e ,  e x p o s u r e  to  c h e m i c al s  o r  h a r s h  we ath e r  c o n d i ‐
ti o n s ,  o r  a n y o th e r  fo r e s e e a b l e  c au s e .  Wh e r e  c o n tai n e r
e x p o s u r e  to  s u c h  c o n d i ti o n s  i s  u n a vo i d ab l e ,  s u i ta b l e  e n c l o s u r e s

o r  p r o te c ti ve  m e as u r e s  s h al l  b e  e m p l o ye d .

5 . 1 . 3 . 4    S to r a ge  c o n tai n e r s  s h a l l  b e  i n s ta l l e d  a n d  s e c u r e d
a c c o r d i n g  to  th e  m an u fa c tu r e r ’ s  l i s te d  i n s ta l l a ti o n  m a n u al  an d

i n  a m an n e r  th a t p r o vi d e s  fo r  c o n ve n i e n t i n d i vi d u al  s e r vi c i n g
o r  c o n te n t we i g h i n g .

5 . 1 . 3 . 5    Wh e r e  s to r a ge  c o n ta i n e r s  ar e  c o n n e c te d  to  a  m a n i fo l d ,
au to m ati c  m e a n s ,  s u c h  as  a c h e c k va l ve ,  s h al l  b e  p r o vi d e d  to

p r e ve n t ag e n t l o s s  an d  to  e n s u r e  p e r s o n n e l  s afe ty i f th e  s ys te m
i s  o p e r ate d  wh e n  an y c o n tai n e r s  a r e  r e m o ve d  fo r  m ai n te n a n c e .

5 . 1 . 4  Age n t S to rage  C o n tai n e rs .

Δ 5 . 1 . 4 . 1 *     Ag e n t s h al l  b e  s to r e d  i n  c o n tai n e r s  d e s i g n e d  to  h o l d
th a t specifc  ag e n t a t a m b i e n t te m p e r atu r e s .

N 5 . 1 . 4 . 1 . 1    I n e r t g as  a ge n t c o n tai n e r s  s h al l  b e  c h ar g e d  to  th e
p r e s s u r e ,  c o r r e c te d  fo r  te m p e r a tu r e ,  specifed  i n  th e  m an u fa c ‐
tu r e r ’ s  l i s te d  m a n u al .

N 5 . 1 . 4 . 1 . 2    H al o c a r b o n  a ge n t c o n ta i n e r s  s h al l  b e  c h ar g e d  to  a
fll  d e n s i ty an d  s u p e r p r e s s u r i z ati o n  l e ve l ,  c o r r e c te d  fo r  te m p e r ‐

a tu r e ,  wi th i n  th e  r an g e  specifed  i n  th e  m an u fa c tu r e r ’ s  l i s te d
m a n u a l .  (See Annex F. )

5 . 1 . 4 . 2 *    E a c h  a ge n t c o n tai n e r  s h al l  h ave  a p e r m a n e n t n am e ‐
p l a te  o r  o th e r  p e r m a n e n t m ar ki n g  th a t i n d i c ate s  th e  fo l l o wi n g:

( 1 ) F o r  h al o c ar b o n  ag e n t c o n tai n e r s ,  th e  a ge n t,  ta r e  an d
g r o s s  we i g h ts ,  a n d  s u p e r p r e s s u r i z a ti o n  l e ve l  ( wh e r e  a p p l i ‐
c a b l e )  o f th e  c o n tai n e r

( 2 ) F o r  i n e r t ga s  a ge n t c o n ta i n e r s ,  th e  a ge n t,  p r e s s u r i z a ti o n
l e ve l  o f th e  c o n tai n e r,  an d  n o m i n a l  ag e n t vo l u m e

5 . 1 . 4 . 3    T h e  c o n ta i n e r s  u s e d  i n  th e s e  s ys te m s  s h al l  b e  d e s i gn e d
to  m e e t th e  r e q u i r e m e n ts  o f th e  U . S .  D e p ar tm e n t o f Tr an s p o r ‐

tati o n  o r  th e  C an a d i a n  Tr a n s p o r t C o m m i s s i o n ,  i f u s e d  as  s h i p ‐
p i n g  c o n tai n e r s .  I f n o t s h i p p i n g c o n tai n e r s ,  th e y s h al l  b e
d e s i g n e d ,  fa b r i c ate d ,  i n s p e c te d ,  certifed,  an d  s tam p e d  i n

a c c o r d an c e  wi th  S e c ti o n  VI I I  o f th e  AS M E  Boiler and Pressure
Vessel Code;  i n d e p e n d e n t i n s p e c ti o n  an d  certifcation  a r e  r e c o m ‐

m e n d e d .  T h e  d e s i gn  p r e s s u r e  s h al l  b e  s u i tab l e  fo r  th e  m ax i ‐
m u m  p r e s s u r e  d e ve l o p e d  at 1 3 0 ° F  ( 5 5 ° C )  o r  at th e  m a x i m u m
c o n tr o l l e d  te m p e r a tu r e  l i m i t.

5 . 1 . 4 . 4    A m e a n s  s h al l  b e  p r o vi d e d  to  d e te r m i n e  th e  p r e s s u r e
i n  c o n ta i n e r s  o f i n e r t ga s  ag e n ts ,  s u p e r p r e s s u r i z e d  l i q u i d

a ge n ts ,  a n d  s u p e r p r e s s u r i z e d  liquefed  c o m p r e s s e d  g as  ag e n ts .

N 5 . 1 . 4 . 5 *    Wh e r e  a  l i q u i d -l e ve l  i n d i c ato r  ( L L I )  i s  p r o vi d e d  a s  a
c o m p o n e n t o f th e  c o n ta i n e r  as s e m b l y,  th e  L L I  an d  m e th o d  o f

m e a s u r i n g  th e  a ge n t q u an ti ty s h al l  b e  l i s te d .

5 . 1 . 4 . 6    T h e  c o n tai n e r s  c o n n e c te d  to  a m an i fo l d  s h al l  m e e t th e
fo l l o wi n g  c r i te r i a:

( 1 ) F o r  h al o c a r b o n  c l e an  a ge n ts  i n  a  m u l ti p l e  c o n tai n e r
s ys te m ,  a l l  c o n ta i n e r s  s u p p l yi n g  th e  s a m e  m an i fo l d  o u tl e t
fo r  d i s tr i b u ti o n  o f th e  s am e  a ge n t s h a l l  b e  i n te r c h an g e a‐

b l e  an d  o f o n e  s e l e c t s i z e  an d  c h a r ge .
( 2 ) * I n e r t g as  ag e n ts  s h al l  b e  p e r m i tte d  to  u ti l i z e  m u l ti p l e  s to r ‐

ag e  c o n tai n e r  s i z e s  c o n n e c te d  to  a c o m m o n  m an i fo l d .
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5 . 1 . 4 . 7 *    T h e  te m p e r atu r e  at wh i c h  a ge n t c o n tai n e r s  ar e
s to r e d  s h al l  b e  wi th i n  th e  m an u fa c tu r e r ’ s  l i s te d  l i m i ts .

5 . 2  D i s tri b uti o n .

5 . 2 . 1 *  P i p e .

5 . 2 . 1 . 1 *    P i p e  s h al l  b e  o f m ate r i al  h avi n g  p h ys i c al  an d  c h e m i ‐
c a l  c h a r ac te r i s ti c s  s u c h  th at i ts  i n te g r i ty u n d e r  s tr e s s  c a n  b e
p r e d i c te d  wi th  r e l i ab i l i ty.  S p e c i a l  c o r r o s i o n -r e s i s tan t m ate r i al s
o r  c o a ti n gs  s h a l l  b e  r e q u i r e d  i n  s e ve r e l y c o r r o s i ve  atm o s p h e r e s .
T h e  th i c kn e s s  o f th e  p i p i n g  s h al l  b e  c al c u l a te d  i n  a c c o r d a n c e
wi th  AS M E  B 3 1 . 1 ,  Power Piping Code.  T h e  i n te r n al  p r e s s u r e  u s e d
fo r  th i s  c al c u l ati o n  s h al l  n o t b e  l e s s  th an  th e  gr e a te r  o f th e
fo l l o wi n g  va l u e s :

( 1 ) T h e  n o r m al  c h ar g i n g  p r e s s u r e  i n  th e  ag e n t c o n tai n e r  at
7 0 ° F  ( 2 1 ° C )

( 2 ) E i gh ty p e r c e n t o f th e  m ax i m u m  p r e s s u r e  i n  th e  ag e n t
c o n tai n e r  at a  m ax i m u m  s to r ag e  te m p e r atu r e  o f n o t l e s s
th an  1 3 0 ° F  ( 5 5 ° C ) ,  u s i n g th e  e q u i p m e n t m a n u fac tu r e r ’ s

m a x i m u m  a l l o wab l e  fll  d e n s i ty,  i f ap p l i c a b l e
( 3 ) F o r  i n e r t ga s  c l e an  ag e n ts ,  th e  p r e s s u r e  fo r  th i s  c a l c u l a‐

ti o n  s h al l  b e  as  specifed  i n  5 . 2 . 1 . 1 . 1  a n d  5 . 2 . 1 . 1 . 2

Δ 5 . 2 . 1 . 1 . 1    I n  n o  c a s e  s h al l  th e  val u e  u s e d  fo r  th e  m i n i m u m  p i p e
d e s i g n  p r e s s u r e  b e  l e s s  th a n  th a t specifed  i n  Ta b l e  5 . 2 . 1 . 1 . 1 ( a)
an d  Tab l e  5 . 2 . 1 . 1 . 1 ( b )  fo r  th e  c o n d i ti o n s  s h o wn .

N 5 . 2 . 1 . 1 . 1 . 1    F o r  i n e r t ga s  c l e an  a ge n ts  th at e m p l o y th e  u s e  o f a
p r e s s u r e -r e d u c i n g  d e vi c e ,  b o th  o f th e  fo l l o wi n g  s h al l  ap p l y:

( 1 ) Tab l e  5 . 2 . 1 . 1 . 1 ( a)  s h al l  b e  u s e d  fo r  p i p i n g u p s tr e a m  o f
th e  p r e s s u r e  r e d u c e r.

( 2 ) S u b p ar ag r ap h  5 . 2 . 1 . 1 . 2  s h al l  b e  u s e d  to  d e te r m i n e  m i n i ‐
m u m  p i p e  d e s i gn  p r e s s u r e  fo r  p i p i n g d o wn s tr e am  o f th e
p r e s s u r e  r e d u c e r.

N 5 . 2 . 1 . 1 . 1 . 2    F o r  h al o c ar b o n  c l e an  ag e n ts ,  Tab l e  5 . 2 . 1 . 1 . 1 ( b )
s h a l l  b e  u s e d .

N 5 . 2 . 1 . 1 . 1 . 3    I f d i ffe r e n t fll  d e n s i ti e s ,  p r e s s u r i z ati o n  l e ve l s ,  o r
h i g h e r  s to r a ge  te m p e r atu r e s  fr o m  th o s e  s h o wn  i n  Tab l e
5 . 2 . 1 . 1 . 1 ( a)  o r  Ta b l e  5 . 2 . 1 . 1 . 1 ( b )  ar e  a p p r o ve d  fo r  a  gi ve n

s ys te m ,  th e  m i n i m u m  d e s i g n  p r e s s u r e  fo r  th e  p i p i n g  s h al l  b e
ad j u s te d  to  th e  m a x i m u m  p r e s s u r e  i n  th e  a ge n t c o n ta i n e r  at

m a x i m u m  te m p e r atu r e ,  u s i n g  th e  b a s i c  d e s i gn  c r i te r i a s p e c i ‐
fed  i n  5 . 2 . 1 . 1 ( 1 )  an d  5 . 2 . 1 . 1 ( 2 ) .

5 . 2 . 1 . 1 . 2    F o r  s ys te m s  th at e m p l o y th e  u s e  o f a p r e s s u r e -
r e d u c i n g d e vi c e ,  th e  m i n i m u m  d e s i g n  p r e s s u r e  fo r  p i p i n g
d o wn s tr e a m  o f th e  p r e s s u r e -r e d u c i n g  d e vi c e  s h a l l  b e  d e te r ‐

m i n e d  fr o m  th e  m ax i m u m  an ti c i p ate d  p r e s s u r e  i n  th e  d o wn ‐
s tr e am  p i p i n g as  p r e d i c te d  b y s ys te m  fow c al c u l ati o n s .

5 . 2 . 1 . 1 . 3    P i p i n g fo r  p r e -e n g i n e e r e d  s ys te m s  s h al l  b e  d e s i g n e d
i n  ac c o r d an c e  wi th  th e  l i m i ta ti o n s  o f th e  m an u fa c tu r e r ’ s  l i s te d
i n s ta l l a ti o n  m a n u al .

5 . 2 . 1 . 2    O th e r  th an  as  al l o we d  i n  5 . 2 . 1 . 4 ,  c a s t-i r o n  p i p e ,  s te e l
p i p e  c o n fo r m i n g to  AS T M  A1 2 0 ,  Specifcation for Pipe,  Steel,  Black

and Hot-Dipped (Galvanized) Welded and Seamless for Ordinary Uses,
o r  n o n m e ta l l i c  p i p e  s h a l l  n o t b e  u s e d .

5 . 2 . 1 . 3    S te n c i l e d  p i p e  identifcation  s h al l  n o t b e  p ai n te d  o ve r,
c o n c e al e d ,  o r  r e m o ve d  p r i o r  to  a p p r o val  b y th e  au th o r i ty
h a vi n g j u r i s d i c ti o n .

5 . 2 . 1 . 4    Wh e r e  u s e d ,  fexible  p i p e ,  fexible  n o n m e ta l l i c  p i p e ,
tu b i n g,  o r  h o s e s ,  i n c l u d i n g c o n n e c ti o n s ,  s h a l l  b e  o f a p p r o ve d

m a te r i al s  an d  p r e s s u r e  r ati n g s .

5 . 2 . 1 . 5    E ac h  p i p e  s e c ti o n  s h a l l  b e  c l e a n e d  i n te r n a l l y afte r
p r e p a r ati o n  an d  b e fo r e  as s e m b l y b y m e an s  o f s wab b i n g ,  u ti l i z ‐

i n g  a s u i tab l e  nonfammable  c l e a n e r.  T h e  p i p e  n e two r k s h a l l
b e  fr e e  o f p ar ti c u l ate  m a tte r  an d  o i l  r e s i d u e  b e fo r e  i n s ta l l a ti o n

o f n o z z l e s  o r  d i s c h ar g e  d e vi c e s .
•

5 . 2 . 1 . 6 *    I n  s e c ti o n s  wh e r e  val ve  ar r a n ge m e n ts  i n tr o d u c e
s e c ti o n s  o f c l o s e d  p i p i n g ,  s u c h  s e c ti o n s  s h al l  b e  e q u i p p e d  wi th
p r e s s u r e  r e l i e f d e vi c e s ,  o r  th e  val ve s  s h al l  b e  d e s i g n e d  to

p r e ve n t e n tr ap m e n t o f l i q u i d .  I n  s ys te m s  u s i n g p r e s s u r e -
o p e r ate d  c o n ta i n e r  val ve s ,  m e a n s  s h a l l  b e  p r o vi d e d  to  ve n t a n y
c o n tai n e r  l e a ka ge  th at c o u l d  b u i l d  u p  p r e s s u r e  i n  th e  p i l o t

s ys te m  a n d  c au s e  u n wa n te d  o p e n i n g o f th e  c o n tai n e r  va l ve .
T h e  m e a n s  o f p r e s s u r e  ve n ti n g  s h al l  b e  a r r an g e d  s o  a s  n o t to
p r e ve n t r e l i ab l e  o p e r a ti o n  o f th e  c o n tai n e r  va l ve .

Tab l e  5 . 2 . 1 . 1 . 1 ( a)  M i n i m um  D e s i gn  Wo rk i n g P re s s u re  fo r I n e r t G as  C l e an  Age n t S ys te m  P i p i n g

 

Age n t C o n tai n e r G au ge
P re s s u re  at 7 0 ° F

( 2 1 ° C )  

Age n t C o n tai n e r G au ge
P re s s u re  at 1 3 0 ° F

( 5 5 ° C )  

M i n i m u m  D e s i gn  P re s s u re
o f P i p i n g U p s tre am  o f

P re s s u re  Re d u c e r

Age n t p s i k P a  p s i k P a  p s i kP a

I G -0 1 2 3 7 0 1 6 , 3 4 1 2 6 5 0 1 8 , 2 7 1 2 3 7 0 1 6 , 3 4 1
2 9 6 4 2 0 , 4 3 6 3 3 0 4 2 2 , 7 8 1 2 9 6 4 2 0 , 4 3 6
4 5 1 0 3 1 , 0 9 7 5 4 0 2 3 7 , 2 4 4 4 5 1 0 3 1 , 0 9 7

I G -5 4 1 2 1 7 5 1 4 , 9 9 7 2 5 7 5 1 7 , 7 5 5 2 1 7 5 1 4 , 9 9 7
2 9 0 0 1 9 , 9 9 6 3 4 3 3 2 3 , 6 7 1 2 9 0 0 1 9 , 9 9 6
4 3 5 1 3 0 , 0 0 0 5 1 5 0 3 5 , 5 0 0 4 3 5 1 3 0 , 0 0 0

I G -5 5 2 1 7 5 1 5 , 0 0 0 2 5 4 1 1 7 , 6 0 0 2 1 7 5 1 5 , 0 0 0
2 9 0 0 2 0 , 0 0 0 3 4 3 4 2 3 , 7 0 0 2 9 0 0 2 0 , 0 0 0
4 3 5 0 3 0 , 0 0 0 5 2 2 2 3 6 , 1 0 0 4 3 5 0 3 0 , 0 0 0

I G -1 0 0 2 4 0 4 1 6 , 5 7 5 2 7 9 9 1 9 , 2 9 9 2 4 0 4 1 6 , 5 7 5
3 2 3 6 2 2 , 3 1 2 3 7 7 3 2 6 , 0 1 5 3 2 3 6 2 2 , 3 1 2
4 0 6 1 2 8 , 0 0 0 4 7 5 4 3 2 , 7 7 8 4 0 6 1 2 8 , 0 0 0
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5 . 2 . 1 . 7    Al l  p r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  d e s i g n e d  an d  l o c a‐
te d  s o  th at th e  d i s c h ar g e  fr o m  th e  d e vi c e  wi l l  n o t i n j u r e  p e r s o n ‐
n e l  o r  p o s e  a  h a z a r d .

5 . 2 . 2  P i p e  C o n n e c ti o n s .

5 . 2 . 2 . 1    P i p e  j o i n ts  o th e r  th an  th r e a d e d ,  we l d e d ,  b r a z e d ,
fared,  c o m p r e s s i o n ,  o r  fanged  typ e  s h al l  b e  l i s te d  o r
ap p r o ve d .

5 . 2 . 2 . 2 *    F i tti n g s  s h al l  h a ve  a m i n i m u m  r a te d  wo r ki n g  p r e s s u r e
e q u al  to  o r  g r e ate r  th an  th e  m i n i m u m  d e s i gn  wo r ki n g  p r e s s u r e

specifed  i n  5 . 2 . 1 . 1 ,  fo r  th e  c l e an  ag e n t b e i n g  u s e d ,  o r  a s  o th e r ‐
wi s e  l i s te d  o r  ap p r o ve d .

5 . 2 . 2 . 3    F o r  s ys te m s  th at e m p l o y th e  u s e  o f a p r e s s u r e -r e d u c i n g
d e vi c e  i n  th e  d i s tr i b u ti o n  p i p i n g ,  th e  fttings  d o wn s tr e am  o f th e
d e vi c e  s h al l  h a ve  a m i n i m u m  r a te d  wo r ki n g  p r e s s u r e  e q u al  to

o r  gr e a te r  th a n  th e  m a x i m u m  a n ti c i p a te d  p r e s s u r e  i n  th e
d o wn s tr e a m  p i p i n g .

5 . 2 . 2 . 4    C a s t-i r o n  fttings  s h al l  n o t b e  u s e d .

5 . 2 . 2 . 5    C l as s  1 5 0  fttings  s h al l  n o t b e  u s e d .

Δ Tab l e  5 . 2 . 1 . 1 . 1 ( b )  M i n i m u m  D e s i gn  Wo rki n g P re s s u re  fo r H al o c arb o n  C l e an  Age n t S ys te m  P i p i n g

 
Age n t C o n tai n e r

M ax i m u m  Fi l l  D e n s i ty  

Age n t C o n tai n e r C h argi n g
P re s s ure

at 7 0 ° F ( 2 1 ° C )  

Age n t C o n tai n e r
P re s s u re

at 1 3 0 ° F ( 5 5 ° C )  
M i n i m u m  P i p i n g D e s i gn

P re s s u re

Age n t l b / ft3 kg/ m 3  p s i b ar  p s i b ar  p s i b ar

H F C -2 2 7 e a 7 9 1 2 6 5 4 4 * 3 1 3 5 9 4 1 6 2 9
7 5 1 2 0 1 1 5 0 1 0 2 4 9 1 7 2 0 0 1 4
7 2 1 1 5 3 3 6 0 2 5 5 2 0 3 6 4 1 6 2 9
7 2 1 1 5 3 6 0 0 4 1 1 0 2 5 7 1 8 2 0 5 7

H C F C  B l e n d  A 5 6 . 2 9 0 0 6 0 0 4 1 8 5 0 5 9 6 8 0 4 7
5 6 . 2 9 0 0 3 6 0 2 5 5 4 0 3 7 4 3 2 3 0

H F C  2 3 5 4 8 6 5 6 0 8 . 9 † 4 2 2 1 8 2 1 5 0 1 7 4 6 1 2 0
4 8 7 6 9 6 0 8 . 9 † 4 2 1 7 1 3 1 1 8 1 3 7 1 9 5
4 5 7 2 1 6 0 8 . 9 † 4 2 1 5 6 0 1 0 8 1 2 4 8 8 6
4 0 6 4 1 6 0 8 . 9 † 4 2 1 3 8 2 9 5 1 1 0 6 7 6
3 5 5 6 1 6 0 8 . 9 † 4 2 1 2 5 8 8 7 1 0 0 7 6 9
3 0 4 8 1 6 0 8 . 9 † 4 2 1 1 5 8 8 0 9 2 7 6 4

H C F C -1 2 4 7 4 1 1 8 5 2 4 0 1 7 3 5 4 2 4 2 8 3 2 0

H C F C -1 2 4 7 4 1 1 8 5 3 6 0 2 5 5 8 0 4 0 4 6 4 3 2

H F C -1 2 5 5 4 8 6 5 3 6 0 2 5 6 1 5 4 2 4 9 2 3 4

H F C  1 2 5 5 6 8 9 7 6 0 0 4 1 1 0 4 5 7 2 8 3 6 5 8

H F C -2 3 6 fa 7 4 1 1 8 5 2 4 0 1 7 3 6 0 2 5 2 8 0 1 9

H F C -2 3 6 fa 7 5 1 2 0 1 3 6 0 2 5 6 0 0 4 1 4 8 0 3 3

H F C -2 3 6 fa 7 4 1 1 8 5 6 0 0 4 1 1 1 0 0 7 6 8 8 0 6 1

H F C  B l e n d  B 5 8 9 2 9 3 6 0 2 5 5 8 6 4 0 4 6 9 3 2
5 8 9 2 9 6 0 0 4 1 8 8 8 6 1 7 1 0 5 0

F K-5 - 1 -1 2 9 0 1 4 4 2 1 5 0 1 0 1 7 5 1 2 1 5 0 1 0
9 0 1 4 4 2 1 9 5 1 3 2 2 5 1 6 1 9 5 1 3
9 0 1 4 4 2 3 6 0 2 5 4 1 3 2 8 3 6 0 2 5
7 5 1 2 0 1 5 0 0 3 4 5 7 5 4 0 5 0 0 3 4
9 0 1 4 4 2 6 1 0 4 2 7 0 0 4 8 6 1 0 4 2
7 0 1 1 2 1 8 7 0 6 0 9 7 5 6 7 8 7 0 6 0

H B - 5 5 7 5 1 2 0 1 . 5 3 6 0 2 5 4 3 0 3 0 3 6 0 2 5
7 5 1 2 0 1 . 5 5 1 0 3 5 5 9 0 4 1 5 1 0 3 5
7 5 1 2 0 1 . 5 6 1 0 4 2 7 0 0 4 8 6 1 0 4 2
7 0 1 1 2 1 . 3 3 6 0 2 5 4 4 0 3 0 3 6 0 2 5
7 0 1 1 2 1 . 3 5 1 0 3 5 5 9 0 4 1 5 1 0 3 5
7 0 1 1 2 1 . 3 6 1 0 4 2 7 0 0 4 8 6 1 0 4 2

* N i tr o g e n  d e l i ve r e d  to  a g e n t c yl i n d e r  th r o u g h  a  fow r e s tr i c to r  u p o n  s ys te m  a c tu a ti o n .  N i tr o g e n  s u p p l y c yl i n d e r  p r e s s u r e  i s  1 8 0 0  p s i  ( 1 2 4  b a r )  a t 7 0 ° F
( 2 1 ° C ) .
† N o t s u p e r p r e s s u r i z e d  wi th  n i tr o g e n .
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5 . 2 . 2 . 6    Al l  th r e ad s  u s e d  i n  j o i n ts  a n d  fttings  s h a l l  c o n fo r m  to
AS M E  B 1 . 2 0 . 1 ,  Standard on Pipe Threads,  General Purpose,  o r  I S O
7 -1 ,  Pipe Threads Where Pressure-Tight Joints Are Made on the
Threads — Part 1 : Dimensions,  Tolerances and Designation.  J o i n t
c o m p o u n d ,  tap e ,  o r  th r e ad  l u b r i c an t s h a l l  b e  ap p l i e d  o n l y to
th e  m al e  th r e ad s  o f th e  j o i n t.

5 . 2 . 2 . 7    We l d i n g an d  b r a z i n g al l o ys  s h al l  h ave  a m e l ti n g p o i n t
ab o ve  1 0 0 0 ° F  ( 5 3 8 ° C ) .

5 . 2 . 2 . 8    We l d i n g s h a l l  b e  p e r fo r m e d  i n  ac c o r d an c e  wi th
S e c ti o n  I X ,  “Qualifcation  S tan d ar d  fo r  We l d i n g  an d  B r az i n g
P r o c e d u r e s ,  We l d e r s ,  B r a z e r s  an d  We l d i n g  a n d  B r a z i n g O p e r a‐
to r s , ”  o f th e  AS M E  Boiler and Pressure Vessel Code.

5 . 2 . 2 . 9    Wh e r e  c o p p e r,  s ta i n l e s s  s te e l ,  o r  o th e r  s u i tab l e  tu b i n g
i s  j o i n te d  wi th  c o m p r e s s i o n -typ e  fttings,  th e  m a n u fac tu r e r ’ s
p r e s s u r e  an d  te m p e r a tu r e  r ati n g s  o f th e  ftting  s h a l l  n o t b e
e x c e e d e d .

5 . 2 . 2 . 1 0    Wh e r e  g r o o ve d  fttings  a r e  u s e d  to  j o i n  p i p e ,  th e
m a n u fac tu r e r ’ s  p r e s s u r e  an d  te m p e r atu r e  r a ti n gs  o f th e  ftting
s h a l l  n o t b e  e x c e e d e d .

5 . 2 . 3 *  P i p e  H an ge rs  an d  S u p p o r ts .    P i p e  h an g e r s  an d
s u p p o r ts  s h a l l  b e  d e s i gn e d  an d  i n s ta l l e d  i n  ac c o r d a n c e  wi th
r e c o g n i z e d  i n d u s tr y p r ac ti c e s  an d  m an u fa c tu r e r ’ s  i n s tr u c ti o n s .

5 . 2 . 3 . 1    Al l  p i p e  h a n ge r s  an d  s u p p o r ts  s h al l  b e  a ttac h e d
d i r e c tl y to  a r i g i d  fxed  s tr u c tu r e .

5 . 2 . 3 . 2    Al l  h an g e r s  a n d  c o m p o n e n ts  s h a l l  b e  s te e l .

5 . 2 . 3 . 3    O r d i n ar y c as t-i r o n  h a n ge r s / s u p p o r ts ,  c o n d u i t c l a m p s ,
o r  “ C ”  c l am p s  s h al l  n o t b e  u s e d .

5 . 2 . 3 . 4    Al l  p i p e  s u p p o r ts  s h al l  b e  d e s i g n e d  a n d  i n s ta l l e d  to
p r e ve n t l a te r a l  m o ve m e n t o f s u p p o r te d  p i p e  d u r i n g  s ys te m
d i s c h ar g e  wh i l e  p e r m i tti n g  l o n g i tu d i n a l  m o ve m e n t to  ac c o m ‐
m o d ate  e x p an s i o n  a n d  c o n tr ac ti o n  c au s e d  b y te m p e r a tu r e
c h a n ge s .

5 . 2 . 3 . 4 . 1    Ri g i d  h an g e r s  s h a l l  b e  i n s ta l l e d  wh e r e ve r  a c h a n ge  i n
e l e vati o n  o r  d i r e c ti o n  o c c u r s .

5 . 2 . 3 . 4 . 2    N o z z l e s  s h al l  b e  s u p p o r te d  s o  a s  to  p r e ve n t m o ve ‐
m e n t o f th e  n o z z l e  d u r i n g d i s c h ar g e .

5 . 2 . 3 . 5    Wh e r e  s e i s m i c  b r a c i n g i s  r e q u i r e d ,  b r a c i n g s h al l  b e  i n
ac c o r d an c e  wi th  l o c al  c o d e s  an d  th e  au th o r i ty h avi n g  j u r i s d i c ‐
ti o n .

5 . 2 . 4  Val ve s .

5 . 2 . 4 . 1    Al l  va l ve s  s h a l l  b e  l i s te d  o r  ap p r o ve d  fo r  th e  i n te n d e d
u s e .

5 . 2 . 4 . 2    F o r  fanged  val ve s ,  th e  c l as s  an d  s tyl e  o f fanges
re q u i r e d  to  m a tc h  th e  val ve ’ s  fanged  c o n n e c ti o n  s h a l l  b e  u s e d .

5 . 2 . 4 . 3 *    Al l  g as ke ts ,  O -r i n gs ,  s e a l an ts ,  a n d  o th e r  val ve  c o m p o ‐
n e n ts  s h a l l  b e  c o n s tr u c te d  o f m ate r i a l s  th at a r e  c o m p a ti b l e  wi th
th e  ag e n t.  Val ve s  s h a l l  b e  p r o te c te d  a ga i n s t m e c h an i c a l ,  c h e m i ‐
c a l ,  o r  o th e r  d am a ge .

5 . 2 . 4 . 4    S p e c i a l  c o r r o s i o n -r e s i s tan t m ate r i al s  o r  c o ati n g s  s h a l l
b e  u s e d  i n  s e ve r e l y c o r r o s i ve  atm o s p h e r e s .

5 . 2 . 4 . 5    Wh e r e  d i r e c ti o n a l  va l ve s  ar e  u s e d  fo r  m u l ti h az ar d
p r o te c ti o n ,  th e  d i r e c ti o n a l  va l ve s  s h al l  b e  l i s te d  o r  a p p r o ve d  fo r
u s e  wi th  th e  i n s tal l e d  s u p p r e s s i o n  s ys te m .

5 . 2 . 4 . 6    Wh e r e  d i r e c ti o n a l  va l ve s  ar e  u s e d  fo r  m u l ti h az ar d
p r o te c ti o n ,  th e  c o n tr o l  e q u i p m e n t s h al l  b e  specifcally l i s te d  fo r
th e  n u m b e r,  typ e ,  an d  o p e r a ti o n  o f th o s e  va l ve s .

5 . 2 . 5  D i s c h arge  N o z z l e s .

5 . 2 . 5 . 1    D i s c h a r ge  n o z z l e s  s h al l  b e  l i s te d  fo r  th e  i n te n d e d  u s e .
L i s ti n g  c r i te r i a s h al l  i n c l u d e  fow c h ar ac te r i s ti c s ,  ar e a  c o ve r ag e ,

h e i g h t l i m i ts ,  an d  m i n i m u m  p r e s s u r e s .  D i s c h ar g e  orifces  an d
d i s c h ar g e  orifce  p l ate s  an d  i n s e r ts  s h a l l  b e  o f a m a te r i al  th a t i s

c o r r o s i o n  r e s i s tan t to  th e  ag e n t u s e d  a n d  th e  a tm o s p h e r e  i n
th e  i n te n d e d  ap p l i c a ti o n .

5 . 2 . 5 . 2    S p e c i a l  c o r r o s i o n -r e s i s tan t m ate r i al s  o r  c o a ti n gs  s h a l l
b e  r e q u i r e d  i n  s e ve r e l y c o r r o s i ve  a tm o s p h e r e s .

5 . 2 . 5 . 3    D i s c h a r ge  n o z z l e s  s h al l  b e  p e r m an e n tl y m a r ke d  to
i d e n ti fy th e  m an u fa c tu r e r  as  we l l  as  th e  typ e  an d  s i z e  o f th e
orifce.

5 . 2 . 5 . 4    Wh e r e  c l o gg i n g  b y e x te r n al  fo r e i g n  m a te r i al s  i s  l i ke l y,
d i s c h ar g e  n o z z l e s  s h a l l  b e  p r o vi d e d  wi th  fr a n gi b l e  d i s c s ,  b l o w‐

o ff c ap s ,  o r  o th e r  s u i ta b l e  d e vi c e s .  T h e s e  d e vi c e s  s h a l l  p r o vi d e
an  u n o b s tr u c te d  o p e n i n g u p o n  s ys te m  o p e r a ti o n  an d  s h a l l  b e
l o c ate d  s o  th e y wi l l  n o t i n j u r e  p e r s o n n e l .

5 . 2 . 5 . 5 *    N o z z l e s  s h a l l  b e  i n s tal l e d  s o  a s  to  b e  fr e e  o f o b s tr u c ‐
ti o n s  th at c o u l d  i n te r fe r e  wi th  th e  p r o p e r  d i s tr i b u ti o n  o f th e

d i s c h ar g e d  ag e n t i n  a c c o r d an c e  wi th  th e  m an u fa c tu r e r ’ s  i n s ta l ‐
l ati o n  an d  m a i n te n an c e  m an u a l .

•

C h ap te r 6    S ys te m  D e s i gn

6 . 1  Specifcations,  P l an s ,  an d  Ap p ro val s .

Δ 6 . 1 . 1  Specifcations.

N 6 . 1 . 1 . 1    Specifcations  fo r  to tal  fooding  an d  l o c al  ap p l i c a ti o n
c l e an  a ge n t fre-extinguishing  s ys te m s  s h a l l  b e  p r e p ar e d  u n d e r

th e  s u p e r vi s i o n  o f a  p e r s o n  fu l l y e x p e r i e n c e d  an d  qualifed  i n
th e  d e s i g n  o f s u c h  s ys te m s  a n d  wi th  th e  ad vi c e  o f th e  au th o r i ty

h a vi n g j u r i s d i c ti o n .

N 6 . 1 . 1 . 2    T h e  specifcations  s h a l l  i n c l u d e  a l l  p e r ti n e n t i te m s
n e c e s s ar y fo r  th e  p r o p e r  d e s i gn  o f th e  s ys te m ,  s u c h  as  th e  d e s i g‐
n a ti o n  o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n ,  var i an c e s  fr o m  th e

s tan d ar d  to  b e  p e rm i tte d  b y th e  a u th o r i ty h avi n g  j u r i s d i c ti o n ,
d e s i g n  c r i te r i a ,  s ys te m  s e q u e n c e  o f o p e r a ti o n s ,  th e  typ e  an d

e x te n t o f th e  a p p r o val  te s ti n g  to  b e  p e r fo r m e d  afte r  i n s tal l a ti o n
o f th e  s ys te m ,  a n d  o wn e r  tr a i n i n g r e q u i r e m e n ts .

6 . 1 . 2  Wo rk i n g P l an s .

Δ 6 . 1 . 2 . 1    Wo r ki n g p l an s  an d  c al c u l a ti o n s  s h a l l  b e  s u b m i tte d  fo r
ap p r o va l  to  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  b e fo r e  s ys te m
i n s ta l l ati o n  o r  r e m o d e l i n g  b e g i n s .

N 6 . 1 . 2 . 2    Wo r ki n g  p l an s  an d  c al c u l ati o n s  s h al l  b e  p r e p ar e d  o n l y
b y p e r s o n s  fu l l y e x p e r i e n c e d  an d  qualifed  i n  th e  d e s i gn  o f
total-fooding  an d  l o c a l -a p p l i c ati o n  c l e an  ag e n t fre-
extinguishing  s ys te m s .

N 6 . 1 . 2 . 3    D e vi a ti o n  fr o m  wo r ki n g  p l an s  s h al l  r e q u i r e  p e r m i s s i o n
o f th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .

N 6 . 1 . 2 . 4    Wo r ki n g p l an s  s h al l  b e  d r awn  to  a n  i n d i c ate d  s c a l e .

Δ 6 . 1 . 2 . 5    Wo r ki n g p l an s  s h a l l  s h o w th e  fo l l o wi n g  i te m s  th a t
p e r tai n  to  th e  d e s i gn  o f th e  s ys te m :
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( 1 ) N a m e  o f o wn e r  a n d  o c c u p a n t
( 2 ) L o c ati o n ,  i n c l u d i n g  s tr e e t ad d r e s s
( 3 ) P o i n t o f c o m p as s  a n d  s ym b o l  l e g e n d
( 4 ) L o c ati o n  an d  c o n s tr u c ti o n  o f p r o te c te d  e n c l o s u r e  wal l s

an d  p ar ti ti o n s
( 5 ) L o c ati o n  o f fre  wal l s
( 6 ) E n c l o s u r e  c r o s s  s e c ti o n ,  s h o wn  a s  a fu l l - h e i g h t o r  s c h e ‐

m a ti c  d i ag r am ,  i n c l u d i n g l o c ati o n  an d  c o n s tr u c ti o n  o f
b u i l d i n g  foor-ceiling  as s e m b l i e s  a b o ve  a n d  b e l o w,  r a i s e d
a c c e s s  foor,  an d  s u s p e n d e d  c e i l i n g

( 7 ) Ag e n t b e i n g  u s e d
( 8 ) Ag e n t c o n c e n tr a ti o n  a t th e  l o we s t te m p e r atu r e  a n d  th e

h i g h e s t te m p e r a tu r e  fo r  wh i c h  th e  e n c l o s u r e  i s  p r o te c ‐
te d

( 9 ) D e s c r i p ti o n  o f o c c u p a n c i e s  a n d  h az ar d s  b e i n g p r o te c te d ,
d e s i g n ati n g  wh e th e r  th e  e n c l o s u r e  i s  n o r m a l l y o c c u p i e d

( 1 0 ) F o r  an  e n c l o s u r e  p r o te c te d  b y a  c l e a n  a ge n t fre-
e x ti n g u i s h i n g s ys te m ,  an  e s ti m a te  o f th e  m ax i m u m  p o s i ‐
ti ve  p r e s s u r e  a n d  th e  m a x i m u m  n e ga ti ve  p r e s s u r e ,

r e l ati ve  to  a m b i e n t p r e s s u r e ,  e x p e c te d  to  b e  d e ve l o p e d
u p o n  th e  d i s c h ar g e  o f ag e n t

( 1 1 ) D e s c r i p ti o n  o f e x p o s u r e s  s u r r o u n d i n g th e  e n c l o s u r e
( 1 2 ) D e s c r i p ti o n  o f th e  ag e n t s to r a ge  c o n ta i n e r s  u s e d ,  i n c l u d ‐

i n g i n te r n a l  vo l u m e ,  s to r ag e  p r e s s u r e ,  a n d  n o m i n al
c a p ac i ty e x p r e s s e d  i n  u n i ts  o f ag e n t m a s s  o r  vo l u m e  a t
s tan d ar d  c o n d i ti o n s  o f te m p e r atu r e  a n d  p r e s s u r e

( 1 3 ) D e s c r i p ti o n  o f n o z z l e ( s )  u s e d ,  i n c l u d i n g  s i z e ,  orifce  p o r t
confguration,  an d  e q u i val e n t orifce  ar e a

( 1 4 ) D e s c r i p ti o n  o f p i p e  an d  fttings  u s e d ,  i n c l u d i n g  m a te r i al
specifcations,  g r ad e ,  a n d  p r e s s u r e  r a ti n g

( 1 5 ) D e s c r i p ti o n  o f wi r e  o r  c ab l e  u s e d ,  i n c l u d i n g  classifca‐
tion,  ga u g e  [ Am e r i c a n  Wi r e  Ga u g e  ( AWG) ] ,  s h i e l d i n g ,

n u m b e r  o f s tr an d s  i n  c o n d u c to r,  c o n d u c to r  m a te r i al ,
a n d  c o l o r  c o d i n g  s c h e d u l e ;  s e g r e g ati o n  r e q u i r e m e n ts  o f

va r i o u s  s ys te m  c o n d u c to r s ;  an d  r e q u i r e d  m e th o d  o f
m a ki n g wi r e  te r m i n a ti o n s

( 1 6 ) D e s c r i p ti o n  o f th e  m e th o d  o f d e te c to r  m o u n ti n g
( 1 7 ) E q u i p m e n t s c h e d u l e  o r  b i l l  o f m ate r i a l s  fo r  e a c h  p i e c e

o f e q u i p m e n t o r  d e vi c e  s h o wi n g  d e vi c e  n a m e ,  m an u fa c ‐
tu r e r,  m o d e l  o r  p a r t n u m b e r,  q u an ti ty,  an d  d e s c r i p ti o n

( 1 8 ) P l a n  vi e w o f p r o te c te d  ar e a s h o wi n g  e n c l o s u r e  p a r ti ti o n s
( fu l l  a n d  p ar ti a l  h e i g h t) ;  a ge n t d i s tr i b u ti o n  s ys te m ,

i n c l u d i n g  ag e n t s to r a ge  c o n ta i n e r s ,  p i p i n g,  an d  n o z z l e s ;
typ e  o f p i p e  h an g e r s  an d  r i g i d  p i p e  s u p p o r ts ;  d e te c ti o n ,

a l a r m ,  a n d  c o n tr o l  s ys te m ,  i n c l u d i n g  al l  d e vi c e s  an d
s c h e m ati c  o f wi r i n g i n te r c o n n e c ti o n  b e twe e n  th e m ;  e n d -

o f-l i n e  d e vi c e  l o c a ti o n s ;  l o c a ti o n  o f c o n tr o l l e d  d e vi c e s
s u c h  a s  d am p e r s  an d  s h u tte r s ;  an d  l o c a ti o n  o f i n s tr u c ‐
ti o n a l  s i g n ag e

( 1 9 ) I s o m e tr i c  vi e w o f ag e n t d i s tr i b u ti o n  s ys te m  s h o wi n g  th e
l e n gth  an d  d i am e te r  o f e ac h  p i p e  s e gm e n t;  n o d e  r e fe r ‐
e n c e  n u m b e r s  r e l a ti n g to  th e  fow c al c u l a ti o n s ;  fttings,

i n c l u d i n g  r e d u c e r s ,  s tr ai n e r s ,  an d  o r i e n tati o n  o f te e s ;
an d  n o z z l e s ,  i n c l u d i n g  s i z e ,  orifce  p o r t confguration,
fow r ate ,  a n d  e q u i va l e n t orifce  a r e a

( 2 0 ) S c al e  d r awi n g s h o wi n g  th e  l ayo u t o f th e  an n u n c i ato r
p an e l  g r ap h i c s  i f r e q u i r e d  b y th e  au th o r i ty h avi n g  j u r i s ‐
d i c ti o n

( 2 1 ) D e ta i l s  o f e ac h  u n i q u e  r i g i d  p i p e  s u p p o r t confguration
s h o wi n g m e th o d  o f s e c u r e m e n t to  th e  p i p e  a n d  to  th e
b u i l d i n g  s tr u c tu r e

( 2 2 ) D e ta i l s  o f th e  m e th o d  o f c o n ta i n e r  s e c u r e m e n t s h o wi n g
m e th o d  o f s e c u r e m e n t to  th e  c o n tai n e r  an d  to  th e  b u i l d ‐
i n g s tr u c tu r e

( 2 3 ) C o m p l e te  s te p -b y- s te p  d e s c r i p ti o n  o f th e  s ys te m
s e q u e n c e  o f o p e r a ti o n s ,  i n c l u d i n g  fu n c ti o n i n g o f ab o r t
an d  m ai n te n a n c e  s wi tc h e s ,  d e l ay ti m e r s ,  an d  e m e r ge n c y

p o we r  s h u td o wn
( 2 4 ) P o i n t-to -p o i n t wi r i n g s c h e m ati c  d i ag r am s  s h o wi n g a l l

c i r c u i t c o n n e c ti o n s  to  th e  s ys te m  c o n tr o l  p a n e l  an d
g r ap h i c  an n u n c i ato r  p an e l

( 2 5 ) P o i n t-to -p o i n t wi r i n g s c h e m ati c  d i a gr a m s  s h o wi n g a l l
c i r c u i t c o n n e c ti o n s  to  e x te r n al  o r  a d d - o n  r e l ays

( 2 6 ) C o m p l e te  c a l c u l ati o n s  to  d e te r m i n e  e n c l o s u r e  vo l u m e ,
q u an ti ty o f c l e a n  ag e n t,  an d  s i z e  o f b ac ku p  b atte r i e s ;

m e th o d  u s e d  to  d e te r m i n e  n u m b e r  a n d  l o c ati o n  o f au d i ‐
b l e  a n d  vi s u al  i n d i c ati n g  d e vi c e s ;  an d  n u m b e r  an d  l o c a‐

ti o n  o f d e te c to r s
( 2 7 ) D e ta i l s  o f a n y s p e c i al  fe atu r e s
( 2 8 ) * P r e s s u r e  r e l i e f ve n t ar e a,  o r  e q u i val e n t l e a ka ge  ar e a ,  fo r

th e  p r o te c te d  e n c l o s u r e  to  p r e ve n t d e ve l o p m e n t,  d u r i n g
s ys te m  d i s c h ar g e ,  o f a p r e s s u r e  d i ffe r e n c e  ac r o s s  th e
e n c l o s u r e  b o u n d ar i e s  th a t e x c e e d s  a specifed  e n c l o s u r e
p r e s s u r e  l i m i t

Δ 6 . 1 . 2 . 6    T h e  d e tai l  o n  th e  s ys te m  s h a l l  i n c l u d e  i n fo r m ati o n  an d
c a l c u l ati o n s  o n  th e  q u a n ti ty o f ag e n t;  c o n tai n e r  s to r a ge  p r e s ‐

s u r e ;  i n te r n a l  vo l u m e  o f th e  c o n ta i n e r ;  th e  l o c ati o n ,  typ e ,  an d
fow r ate  o f e a c h  n o z z l e ,  i n c l u d i n g  e q u i va l e n t orifce  a r e a;  th e
l o c ati o n ,  s i z e ,  a n d  e q u i val e n t l e n g th s  o f p i p e ,  fttings,  an d  h o s e ;

a n d  th e  l o c a ti o n  a n d  s i z e  o f th e  s to r a ge  fac i l i ty.

N 6 . 1 . 2 . 6 . 1    P i p e  s i z e  r e d u c ti o n  an d  o r i e n tati o n  o f te e s  s h al l  b e
i n d i c a te d .

N 6 . 1 . 2 . 6 . 2    I n fo r m a ti o n  s h al l  b e  s u b m i tte d  p e r ta i n i n g  to  th e
l o c a ti o n  an d  fu n c ti o n  o f th e  d e te c ti o n  d e vi c e s ,  o p e r ati n g  d e vi ‐
c e s ,  au x i l i a r y e q u i p m e n t,  an d  e l e c tr i c a l  c i r c u i tr y,  i f u s e d .

N 6 . 1 . 2 . 6 . 3    Ap p ar atu s  an d  d e vi c e s  u s e d  s h al l  b e  identifed.

N 6 . 1 . 2 . 6 . 4    An y s p e c i al  fe atu r e s  s h al l  b e  e x p l ai n e d .

Δ 6 . 1 . 2 . 6 . 5    P r e - e n gi n e e r e d  s ys te m s  s h al l  n o t b e  r e q u i r e d  to  s p e c ‐
i fy a n  i n te r n al  vo l u m e  o f th e  c o n ta i n e r,  n o z z l e  fow r ate s ,  e q u i v‐

al e n t l e n g th s  o f p i p e ,  fttings,  a n d  h o s e ,  o r  fow c a l c u l ati o n s ,
wh e n  u s e d  wi th i n  th e i r  l i s te d  l i m i tati o n s .

N 6 . 1 . 2 . 6 . 6    F o r  p r e -e n g i n e e r e d  s ys te m s ,  th e  i n fo r m a ti o n
r e q u i r e d  b y th e  l i s te d  s ys te m  d e s i g n  m an u al  s h al l  b e  m ad e

avai l ab l e  to  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  fo r  verifcation
th a t th e  s ys te m  i s  wi th i n  i ts  l i s te d  l i m i tati o n s .

6 . 1 . 2 . 7    An  “ as -b u i l t”  i n s tr u c ti o n  an d  m ai n te n a n c e  m an u al  th at
i n c l u d e s  a fu l l  s e q u e n c e  o f o p e r ati o n s  an d  a  fu l l  s e t o f d r a wi n g s

a n d  c al c u l a ti o n s  s h al l  b e  m a i n tai n e d  o n  s i te .

6 . 1 . 2 . 8  Fl o w C al c u l ati o n s .

Δ 6 . 1 . 2 . 8 . 1    F l o w c al c u l a ti o n s  a l o n g  wi th  th e  wo r ki n g  p l an s  s h a l l
b e  s u b m i tte d  to  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n  fo r  a p p r o val .

N 6 . 1 . 2 . 8 . 2    T h e  ve r s i o n  o f th e  fow c al c u l ati o n  p r o gr a m  s h a l l  b e
identifed  o n  th e  c o m p u te r  c al c u l a ti o n  p r i n to u t.

6 . 1 . 2 . 8 . 3    Wh e r e  feld  c o n d i ti o n s  n e c e s s i tate  an y m a te r i al
c h a n ge  fr o m  ap p r o ve d  p l an s ,  th e  c h a n ge  s h al l  b e  s u b m i tte d  fo r

ap p r o va l .

Δ 6 . 1 . 2 . 8 . 4    Wh e n  m ate r i a l  c h a n ge s  fr o m  ap p r o ve d  p l an s  ar e
m a d e ,  c o r r e c te d  “ as -i n s ta l l e d ”  p l a n s  s h a l l  b e  p r o vi d e d .
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6 . 1 . 3  Ap p ro val  o f P l an s .

6 . 1 . 3 . 1    P l an s  an d  c a l c u l ati o n s  s h a l l  b e  ap p r o ve d  p r i o r  to
i n s ta l l ati o n .

6 . 1 . 3 . 2    Wh e r e  feld  c o n d i ti o n s  n e c e s s i tate  a n y signifcant
c h a n ge  fr o m  ap p r o ve d  p l a n s ,  th e  c h an g e  s h al l  b e  ap p r o ve d
p r i o r  to  i m p l e m e n tati o n .

6 . 1 . 3 . 3    Wh e n  s u c h  signifcant c h an g e s  fr o m  ap p r o ve d  p l a n s
ar e  m a d e ,  th e  wo r ki n g p l a n s  s h al l  b e  u p d a te d  to  a c c u r ate l y
re p r e s e n t th e  s ys te m  as  i n s tal l e d .

6 . 2 *  S ys te m  Fl o w C al c u l ati o n s .

Δ 6 . 2 . 1 *    S ys te m  fow c al c u l a ti o n s  s h al l  b e  p e r fo r m e d  u s i n g  a
c a l c u l ati o n  m e th o d  l i s te d  o r  a p p r o ve d  b y th e  au th o r i ty h a vi n g
j u r i s d i c ti o n .

N 6 . 2 . 1 . 1    T h e  s ys te m  d e s i g n  s h a l l  b e  wi th i n  th e  m a n u fac tu r e r ’ s
l i s te d  l i m i tati o n s .

6 . 2 . 1 . 2    D e s i g n s  i n vo l vi n g  p r e - e n gi n e e r e d  s ys te m s  s h al l  n o t b e
r e q u i r e d  to  b e  p r o vi d e d  wi th  fow c al c u l a ti o n s  i n  a c c o r d a n c e
wi th  6 . 1 . 2 . 8  wh e r e  u s e d  wi th i n  th e i r  l i s te d  l i m i tati o n s .

Δ 6 . 2 . 2    Va l ve s  an d  fttings  s h a l l  b e  r ate d  fo r  e q u i val e n t l e n gth  i n
te r m s  o f p i p e  o r  tu b i n g s i z e s  wi th  wh i c h  th e y wi l l  b e  u s e d .

N 6 . 2 . 2 . 1    T h e  e q u i val e n t l e n gth  o f th e  c o n tai n e r  va l ve  s h a l l  b e
l i s te d .

N 6 . 2 . 2 . 2    T h e  e q u i va l e n t l e n g th  o f th e  c o n tai n e r  va l ve  s h a l l
i n c l u d e  th e  s i p h o n  tu b e ,  val ve ,  d i s c h ar g e  h e a d ,  a n d  fexible
c o n n e c to r.

6 . 2 . 3    P i p i n g l e n g th s  an d  o r i e n tati o n  o f fttings  an d  n o z z l e s
s h a l l  b e  i n  ac c o r d a n c e  wi th  th e  m a n u fac tu r e r ’ s  l i s te d  l i m i ta‐
ti o n s .

6 . 2 . 4    I f th e  fnal  i n s ta l l a ti o n  va r i e s  fr o m  th e  p r e p a r e d  d r aw‐
i n g s  an d  c a l c u l ati o n s ,  n e w d r a wi n g s  a n d  c al c u l ati o n s  r e p r e s e n t‐
i n g  th e  “ as -b u i l t”  i n s ta l l ati o n  s h a l l  b e  p r e p ar e d .

•

N C h ap te r 7    To tal  Fl o o d i n g S ys te m s

N 7 . 1 *  E n c l o s u re .

N 7 . 1 . 1    I n  th e  d e s i gn  o f a  to ta l  fooding  s ys te m ,  th e  c h ar a c te r i s ‐
ti c s  o f th e  p r o te c te d  e n c l o s u r e  s h al l  b e  c o n s i d e r e d .

N 7 . 1 . 2    T h e  a r e a o f u n c l o s a b l e  o p e n i n gs  i n  th e  p r o te c te d  e n c l o ‐
s u r e  s h a l l  b e  ke p t to  a m i n i m u m .

N 7 . 1 . 3    T h e  au th o r i ty h avi n g  j u r i s d i c ti o n  s h al l  b e  p e r m i tte d  to
r e q u i r e  p r e s s u r i z a ti o n / d e p r e s s u r i z ati o n  o f th e  p r o te c te d  e n c l o ‐
s u r e  o r  o th e r  te s ts  to  e n s u r e  p e r fo r m a n c e  th at m e e ts  th e

r e q u i r e m e n ts  o f th i s  s ta n d ar d .  (See Annex D. )

N 7 . 1 . 4    To  p r e ve n t l o s s  o f ag e n t th r o u g h  o p e n i n g s  to  a d j ac e n t
h a z a r d s  o r  wo r k ar e a s ,  o p e n i n gs  s h a l l  b e  p e r m an e n tl y s e al e d  o r

e q u i p p e d  wi th  a u to m a ti c  c l o s u r e s .

N 7 . 1 . 5    Wh e r e  confnement o f a ge n t i s  n o t p r a c ti c a b l e ,  o n e  o f
th e  fo l l o wi n g s h al l  ap p l y:

( 1 ) P r o te c ti o n  s h a l l  b e  e x p an d e d  to  i n c l u d e  th e  a d j ac e n t
c o n n e c te d  h az ar d s  o r  wo r k ar e a s .

( 2 ) Ad d i ti o n a l  ag e n t s h al l  b e  i n tr o d u c e d  i n to  th e  p r o te c te d
e n c l o s u r e  u s i n g  a n  e x te n d e d  d i s c h ar g e  confguration.

N 7 . 1 . 6    Wh e r e  a c l e an  a ge n t total-fooding  s ys te m  i s  b e i n g  p r o vi ‐
d e d  fo r  th e  p r o te c ti o n  o f a  r o o m  wi th  a r ai s e d  o r  s u n ke n  foor,

th e  r o o m  an d  r ai s e d  o r  s u n ke n  foor  s h al l  b e  s i m u l tan e o u s l y
p r o te c te d .

N 7 . 1 . 6 . 1 *    I f o n l y th e  s p ac e  u n d e r  th e  r ai s e d  foor  i s  to  b e
p r o te c te d  b y a to tal  fooding  s ys te m ,  an  i n e r t g as  s h al l  b e  u s e d
to  p r o te c t th a t s p a c e .

N 7 . 1 . 6 . 2    E ac h  vo l u m e ,  r o o m ,  an d  r ai s e d  o r  s u n ke n  foor  to  b e
p r o te c te d  s h al l  b e  p r o vi d e d  wi th  d e te c to r s ,  p i p i n g  n e two r k,  an d
n o z z l e s .

N 7 . 1 . 7 *    O th e r  th an  th e  ve n ti l ati o n  s ys te m s  identifed  i n  7 . 1 . 7 . 2 ,
fo r c e d -a i r  ve n ti l a ti n g s ys te m s ,  i n c l u d i n g s e l f- c o n tai n e d  ai r  r e c i r ‐

c u l ati o n  s ys te m s ,  s h a l l  b e  s h u t d o wn  o r  c l o s e d  a u to m a ti c al l y
wh e r e  th e i r  c o n ti n u e d  o p e r ati o n  wo u l d  ad ve r s e l y a ffe c t th e
p e r fo r m a n c e  o f th e  fre-extinguishing  s ys te m  o r  r e s u l t i n  p r o p ‐

a ga ti o n  o f th e  fre.

N 7 . 1 . 7 . 1    I f n o t s h u t d o wn  o r  c l o s e d  a u to m a ti c al l y,  th e  vo l u m e  o f
th e  s e l f- c o n tai n e d  r e c i r c u l a ti n g u n d am p e r e d  ve n ti l a ti o n  s ys te m

d u c ts  a n d  c o m p o n e n ts  m o u n te d  b e l o w th e  c e i l i n g  h e i g h t o f
th e  p r o te c te d  s p ac e  s h al l  b e  c o n s i d e r e d  a s  p ar t o f th e  to tal

h a z a r d  vo l u m e  wh e n  d e te r m i n i n g  th e  q u a n ti ty o f ag e n t.

N 7 . 1 . 7 . 2    Ve n ti l ati o n  s ys te m s  n e c e s s ar y to  e n s u r e  s afe ty s h a l l  n o t
b e  r e q u i r e d  to  b e  s h u t d o wn  u p o n  ac ti vati o n  o f th e  fre

s u p p r e s s i o n  s ys te m .

N 7 . 1 . 7 . 3    Wh e r e  a ve n ti l ati o n  s ys te m  i s  p e r m i tte d  to  r e m a i n  i n
o p e r ati o n  i n  ac c o r d an c e  wi th  7 . 1 . 7 . 2 ,  a n  e x te n d e d  ag e n t
d i s c h ar g e  s h a l l  b e  p r o vi d e d  to  m a i n tai n  th e  d e s i gn  c o n c e n tr a‐

ti o n  fo r  th e  r e q u i r e d  d u r a ti o n  o f p r o te c ti o n .

N 7 . 1 . 8 *    T h e  p r o te c te d  e n c l o s u r e  s h al l  h a ve  th e  s tr u c tu r al
s tr e n gth  an d  i n te g r i ty n e c e s s ar y to  c o n tai n  th e  ag e n t d i s c h a r ge .

N 7 . 1 . 8 . 1    I f th e  d e ve l o p e d  p r e s s u r e s  p r e s e n t a th r e at to  th e
s tr u c tu r al  s tr e n gth  o f th e  e n c l o s u r e ,  ve n ti n g s h a l l  b e  p r o vi d e d

to  p r e ve n t e x c e s s i ve  p r e s s u r e s .

N 7 . 1 . 8 . 2    D e s i g n e r s  s h al l  c o n s u l t th e  s ys te m  m a n u fac tu r e r ’ s
r e c o m m e n d e d  p r o c e d u r e s  r e l a ti ve  to  e n c l o s u r e  ve n ti n g.  [For
pressure relief vent area or equivalent leakage area,  see 6. 1 . 2. 5(28). ]

N 7 . 2  D e s i gn  C o n c e n trati o n  Re q u i re m e n ts .

N 7 . 2 . 1  G e n e ral .

N 7 . 2 . 1 . 1    T h e  m i n i m u m  e x ti n gu i s h i n g  c o n c e n tr ati o n  o r  i n e r ti n g
c o n c e n tr ati o n s  s h al l  b e  u s e d  i n  d e te r m i n i n g th e  m i n i m u m

d e s i g n  c o n c e n tr a ti o n  fo r  th e  specifc  fu e l .

N 7 . 2 . 1 . 2    F o r  c o m b i n a ti o n s  o f fu e l s ,  th e  m i n i m u m  e x ti n g u i s h i n g
c o n c e n tr a ti o n  o r  i n e r ti n g c o n c e n tr ati o n  fo r  th e  fu e l  r e q u i r i n g

th e  g r e ate s t c o n c e n tr ati o n  s h a l l  b e  u s e d  u n l e s s  te s ts  ar e  m ad e
o n  th e  ac tu al  m i x tu r e .

N 7 . 2 . 2  Fl am e  E x ti n gu i s h m e n t.

N 7 . 2 . 2 . 1  C l as s  A H az ard s .

N 7 . 2 . 2 . 1 . 1    T h e  m i n i m u m  e x ti n g u i s h i n g c o n c e n tr ati o n  fo r
C l a s s  A fu e l s  s h al l  b e  d e te r m i n e d  b y te s t a s  p ar t o f a l i s ti n g

p r o gr a m  i n  a c c o r d an c e  wi th  7 . 2 . 2 . 3 .
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N 7 . 2 . 2 . 1 . 2    T h e  m i n i m u m  d e s i g n  c o n c e n tr ati o n  fo r  a  C l as s  A
surface-fre  h az ar d  s h al l  b e  d e te r m i n e d  b y th e  gr e a te r  o f th e
fo l l o wi n g :

( 1 ) T h e  e x ti n g u i s h i n g c o n c e n tr ati o n ,  a s  d e te r m i n e d  i n
7 . 2 . 2 . 1 . 1 ,  ti m e s  a  s afe ty fa c to r  o f 1 . 2  fo r  s ys te m s  wi th  au to ‐

m a ti c  d e te c ti o n  an d  a c tu a ti o n  (see 9. 1 . 2) o r  1 . 3  fo r  s ys te m s
wi th  m a n u al -o n l y ac tu ati o n  (see 9. 1 . 1 . 1 )

( 2 ) E q u a l  to  th e  m i n i m u m  e x ti n gu i s h i n g  c o n c e n tr ati o n  fo r
h e p ta n e  as  d e te r m i n e d  fr o m  7 . 2 . 2 . 2 . 1 ( 2 )

N 7 . 2 . 2 . 1 . 3 *    T h e  m i n i m u m  d e s i g n  c o n c e n tr ati o n  fo r  a d e e p -
s e a te d  fre  s h al l  b e  d e te r m i n e d  b y a n  application-specifc  te s t.

N 7 . 2 . 2 . 2  C l as s  B  H az ard s .

N 7 . 2 . 2 . 2 . 1 *    T h e  fame-extinguishing  c o n c e n tr ati o n  fo r  C l as s  B
fu e l s  s h a l l  b e  d e te r m i n e d  b y th e  gr e a te r  o f th e  fo l l o wi n g :

( 1 ) T h e  C l as s  B  c o n c e n tr a ti o n  as  d e te r m i n e d  b y a  l i s ti n g
p r o gr a m  i n  ac c o r d an c e  wi th  7 . 2 . 2 . 3

( 2 ) T h e  fame-extinguishing  c o n c e n tr a ti o n  fo r  th e  specifc
fu e l ,  a s  d e te r m i n e d  b y th e  c u p  b u r n e r  m e th o d  (see

Annex B)

C AU T I O N :  U n d e r  c e r tai n  c o n d i ti o n s ,  i t c an  b e  d a n ge r o u s
to  e x ti n g u i s h  a b u r n i n g ga s  j e t.  As  a  frst m e as u r e ,  s h u t o ff th e

g as  s u p p l y.

N 7 . 2 . 2 . 2 . 2    M e as u r e m e n t e q u i p m e n t u s e d  i n  ap p l yi n g  th e  c u p
b u r n e r  m e th o d  s h al l  b e  c al i b r ate d .

N 7 . 2 . 2 . 2 . 3    T h e  m i n i m u m  d e s i g n  c o n c e n tr a ti o n  fo r  a C l as s  B
fu e l  h az ar d  s h al l  b e  th e  e x ti n g u i s h i n g  c o n c e n tr ati o n ,  as  d e te r ‐
m i n e d  i n  7 . 2 . 2 . 2 . 1 ,  ti m e s  a  s a fe ty fac to r  o f 1 . 3 .

N 7 . 2 . 2 . 3 *  L i s ti n g P ro gram .    As  a  m i n i m u m ,  th e  l i s ti n g  p r o gr a m
s h a l l  c o n fo r m  to  U L  2 1 2 7 ,  Inert Gas Clean Agent Extinguishing

System Units,  o r  U L  2 1 6 6 ,  Halocarbon Clean Agent Extinguishing
System Units,  o r  e q u i val e n t.

N 7 . 2 . 2 . 4  C l as s  C  H az ard s .

N 7 . 2 . 2 . 4 . 1    T h e  m i n i m u m  d e s i g n  c o n c e n tr a ti o n  fo r  a C l as s  C
h a z a r d  s h a l l  b e  th e  C l as s  A m i n i m u m  e x ti n g u i s h i n g c o n c e n tr a‐
ti o n ,  as  d e te r m i n e d  i n  7 . 2 . 2 . 1 . 1 ,  ti m e s  a s afe ty fa c to r  o f 1 . 3 5 .

N 7 . 2 . 2 . 4 . 2    T h e  m i n i m u m  d e s i g n  c o n c e n tr a ti o n  fo r  s p a c e s
c o n tai n i n g e n e r g i z e d  e l e c tr i c al  h az ar d s  s u p p l i e d  at gr e a te r

th a n  4 8 0  vo l ts  th at r e m ai n  p o we r e d  d u r i n g  an d  afte r  d i s c h ar g e
s h a l l  b e  d e te r m i n e d  b y a  h a z a r d  an a l ys i s  an d  te s ti n g,  as  n e c e s ‐
s a r y.

N 7 . 2 . 3  I n e r ti n g.

N 7 . 2 . 3 . 1 *    T h e  i n e r ti n g c o n c e n tr a ti o n  s h a l l  b e  d e te r m i n e d  b y
te s t.

N 7 . 2 . 3 . 2 *    T h e  i n e r ti n g c o n c e n tr ati o n  s h al l  b e  u s e d  i n  d e te r m i n ‐
i n g th e  ag e n t d e s i g n  c o n c e n tr a ti o n  wh e r e  c o n d i ti o n s  fo r  s u b s e ‐

q u e n t refash  o r  e x p l o s i o n  e x i s t.

N 7 . 2 . 3 . 3    T h e  m i n i m u m  d e s i gn  c o n c e n tr a ti o n  u s e d  to  i n e r t th e
atm o s p h e r e  o f an  e n c l o s u r e  wh e r e  th e  h a z a r d  i s  a  fammable

l i q u i d  o r  ga s  s h al l  b e  th e  i n e r ti n g  c o n c e n tr ati o n  ti m e s  a s a fe ty
fac to r  o f 1 . 1 .

N 7 . 3  To tal  Fl o o d i n g Q u an ti ty.

N 7 . 3 . 1 *    T h e  q u a n ti ty o f h al o c a r b o n  ag e n t r e q u i r e d  to  a c h i e ve
th e  d e s i gn  c o n c e n tr ati o n  s h al l  b e  c al c u l a te d  fr o m  th e  fo l l o wi n g

e q u ati o n :

W
V

S

C

C
=

−




100

wh e r e :
W = q u an ti ty o f c l e an  ag e n t [ l b  ( kg ) ]

V = n e t vo l u m e  o f h az ar d ,  c a l c u l ate d  as  th e  g r o s s  vo l u m e
m i n u s  th e  vo l u m e  o f fxed  s tr u c tu r e s  i m p e r vi o u s  to  c l e an
ag e n t vap o r  [ ft3  ( m 3 ) ]

C = ag e n t d e s i gn  c o n c e n tr ati o n  ( vo l  % )
s = specifc  vo l u m e  o f th e  s u p e rh e ate d  ag e n t vap o r  a t 1  atm

an d  th e  m i n i m u m  an ti c i p ate d  te m p e r atu r e  [ ° F  ( ° C ) ]  o f
th e  p r o te c te d  vo l u m e  [ ft3 / l b  ( m 3 / kg) ]

N 7 . 3 . 1 . 1    T h e  c o n c e n tr ati o n  o f h a l o c arb o n  c l e an  ag e n t th at wi l l
b e  d e ve l o p e d  i n  th e  p r o te c te d  e n c l o s u r e  s h al l  b e  c a l c u l ate d  at
b o th  th e  m i n i m u m  a n d  m a x i m u m  d e s i gn  te m p e r a tu r e  u s i n g

th e  fo l l o wi n g e q u a ti o n :

C

W s

V

W s

V

=

×







×





+

100

1

wh e r e :
C = ag e n t c o n c e n tr a ti o n  [ vo l  % ]

W = i n s ta l l e d  q u an ti ty o f ag e n t [ l b  ( kg) ]
s = specifc  vo l u m e  o f th e  g as e o u s  age n t at th e  m i n i m u m /

m a x i m u m  d e s i g n  te m p e r a tu r e  o f th e  h a z a r d  [ ft3 / l b
( m 3 / kg) ]

V = vo l u m e  o f th e  as -b u i l t e n c l o s u r e  [ ft3  ( m 3 ) ]

N 7 . 3 . 1 . 2    Ag e n t c o n c e n tr ati o n s  c al c u l ate d  b as e d  o n  as -b u i l t an d
as -i n s tal l e d  d ata an d  th e  l o we s t an d  h i g h e s t d e s i g n  te m p e r a‐

tu r e s  o f th e  p r o te c te d  s p ac e  s h al l  b e  r e c o r d e d  i n  ac c o r d a n c e
wi th  th e  r e q u i r e m e n ts  o f 6 . 1 . 2 . 7  a n d  6 . 2 . 4 .

N 7 . 3 . 2 *    T h e  q u a n ti ty o f i n e r t ga s  a ge n t r e q u i r e d  to  ac h i e ve  th e
d e s i g n  c o n c e n tr ati o n  s h al l  b e  c a l c u l ate d  u s i n g E q u a ti o n  7 . 3 . 2 ,
7 . 3 . 2 . 1 a ,  o r  7 . 3 . 2 . 1 b :

X
s

s C
= 






 −







2 3 0 3

1 0 0

1 0 0
0.  l o g 1 0

wh e r e :
X = vo l u m e  o f i n e r t ga s  a d d e d  at s tan d ar d  c o n d i ti o n s  o f

1 4 . 7  p s i  ab s o l u te ,  7 0 ° F  ( 1 . 0 1 3  b ar  ab s o l u te ,  2 1 ° C )  p e r
vo l u m e  o f h az ar d  s p ac e  [ ft3 / ft3  ( m 3 / m 3 ) ]

s0 = specifc  vo l u m e  o f i n e r t ga s  a ge n t at 7 0 ° F  ( 2 1 ° C )  a n d
1 4 . 7  p s i  ab s o l u te  ( 1 . 0 1 3  b ar  ab s o l u te )

s = specifc  vo l u m e  o f i n e r t ga s  a t 1 4 . 7  p s i  ab s o l u te  an d  th e
m i n i m u m  d e s i gn  te m p e r atu r e  [ ° F  ( ° C ) ]  o f th e  p r o te c te d
vo l u m e  [ ft3 / l b  ( m 3 / kg ) ]

C = i n e r t ga s  d e s i gn  c o n c e n tr a ti o n  ( vo l  % )

 
[ 7 . 3 . 1 ]N

 
[ 7 . 3 . 1 . 1 ]N

 
[ 7 . 3 . 2 ]N
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N 7 . 3 . 2 . 1 *    An  al te r n ati ve  e q u a ti o n  fo r  c al c u l ati n g  th e  i n e r t ga s
c l e an  ag e n t c o n c e n tr a ti o n s  s h al l  b e  p e r m i tte d ,  a s  fo l l o ws :

X
t

 =  2 . 3 0 3  
4 6 0  +  

  l o g  
5 3 0 1 0 0

1 0 0
1 0







 −









C

wh e r e :
t = m i n i m u m  a n ti c i p a te d  te m p e r a tu r e  o f th e  p r o te c te d  vo l u m e

( ° F )

X
t

 =  2 . 3 0 3  
2 7 3  +  

  l o g  
2 9 4 1 0 0

1 0 0
1 0







 −









C

wh e r e :
t = m i n i m u m  a n ti c i p a te d  te m p e r a tu r e  o f th e  p r o te c te d  vo l u m e

( ° C )

N 7 . 3 . 2 . 2    T h e  d e s i g n  q u an ti ty o f i n e r t g as  ag e n t i n  m as s  u n i ts
s h a l l  b e  c al c u l ate d  a s  fo l l o ws :

W
V

s C
 =   l o g

 
1 02 3 0 3

1 0 0

1 0 0
.


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W
V
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
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



1 0 0

1 0 0

wh e r e :
W = q u an ti ty o f i n e r t g as  ag e n t [ l b  ( kg ) ]

V = vo l u m e  o f th e  h az ar d  [ ft3  ( m 3 ) ]
s = specifc  vo l u m e  o f th e  g as e o u s  ag e n t a t th e  te m p e r a tu r e  o f

th e  h a z a r d  [ ft3 / l b  ( m 3 / kg ) ]
C = i n e r t g as  ag e n t c o n c e n tr a ti o n  [ vo l  % ]

N 7 . 3 . 2 . 3    T h e  c o n c e n tr a ti o n  o f an  i n e r t g as  c l e a n  a ge n t th at wi l l
b e  d e ve l o p e d  i n  th e  p r o te c te d  e n c l o s u r e  s h al l  b e  c a l c u l ate d  at
b o th  th e  m i n i m u m  an d  m a x i m u m  d e s i g n  te m p e r a tu r e ,  u s i n g

o n e  o f th e  fo l l o wi n g  e q u ati o n s :

C

W s

V

W s

V

 =  
 

1 0 0
1 0 1

1 0

2 3 0 3

2 3 0 3
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[ 7 . 3 . 2 . 1 a]N

 
[ 7 . 3 . 2 . 1 b ]N

 
[ 7 . 3 . 2 . 2 a]N

 
[ 7 . 3 . 2 . 2 b ]N

 
[ 7 . 3 . 2 . 3 a]N

 
[ 7 . 3 . 2 . 3 b ]N

wh e r e :
C = ag e n t c o n c e n tr a ti o n  [ vo l  % ]

W = i n s ta l l e d  q u an ti ty o f ag e n t [ l b  ( kg ) ]
s = specifc  vo l u m e  o f th e  g as e o u s  ag e n t at th e  m i n i m u m /

m a x i m u m  d e s i g n  te m p e r a tu r e  o f th e  h a z a r d  [ ft3 / l b  ( m 3 /
kg ) ]

V = vo l u m e  o f th e  as -b u i l t e n c l o s u r e  [ ft3  ( m 3 ) ]

N 7 . 3 . 3 *  D e s i gn  Fac to rs .    Wh e r e  s p e c i al  c o n d i ti o n s  c o u l d  affe c t
th e  e x ti n g u i s h i n g effciency,  th e  m i n i m u m  q u an ti ty o f ag e n t

s h a l l  b e  i n c r e as e d  th r o u g h  th e  u s e  o f d e s i gn  fac to r s .

N 7 . 3 . 3 . 1 *  Te e  D e s i gn  Fac to r.    O th e r  th a n  as  identifed  i n
7 . 3 . 3 . 1 . 3 ,  wh e r e  a s i n g l e  ag e n t s u p p l y i s  u s e d  to  p r o te c t m u l ti ‐

p l e  h a z a r d s ,  a  d e s i g n  fa c to r  fr o m  Ta b l e  7 . 3 . 3 . 1  s h al l  b e  ap p l i e d .

N 7 . 3 . 3 . 1 . 1    F o r  th e  a p p l i c ati o n  o f Tab l e  7 . 3 . 3 . 1 ,  th e  d e s i gn  fac to r
te e  c o u n t s h al l  b e  d e te r m i n e d  fo r  e ac h  h a z a r d  th e  s ys te m
p r o te c ts ,  u s i n g th e  fo l l o wi n g  g u i d e l i n e s :

( 1 ) S tar ti n g  fr o m  th e  p o i n t wh e r e  th e  p i p e  s ys te m  e n te r s  th e
h az ar d ,  th e  n u m b e r  o f te e s  i n  th e  fow p ath  r e tu r n i n g  to
th e  ag e n t s u p p l y s h a l l  b e  i n c l u d e d  ( d o  n o t i n c l u d e  te e s

u s e d  i n  a m an i fo l d )  i n  th e  d e s i gn  fac to r te e  c o u n t fo r  th e
h a z a r d .

( 2 ) An y te e  wi th i n  th e  h a z a r d  th a t s u p p l i e s  ag e n t to  an o th e r
h az ar d  s h al l  b e  i n c l u d e d  i n  th e  d e s i g n  fac to r  te e  c o u n t
fo r  th e  h a z a r d .

N 7 . 3 . 3 . 1 . 2    T h e  h az ar d  wi th  th e  gr e a te s t d e s i gn  fac to r  te e  c o u n t
s h a l l  b e  u s e d  i n  Tab l e  7 . 3 . 3 . 1  to  d e te r m i n e  th e  d e s i g n  fa c to r.

N 7 . 3 . 3 . 1 . 3    F o r  s ys te m s  th a t p as s  a d i s c h ar g e  te s t,  th i s  d e s i g n
fa c to r  s h a l l  n o t ap p l y.

N 7 . 3 . 3 . 2 *  Ad d i ti o n al  D e s i gn  Fac to rs .    T h e  d e s i g n e r  s h a l l  as s i g n
an d  d o c u m e n t ad d i ti o n a l  d e s i g n  fa c to r s  fo r  e ac h  o f th e  fo l l o w‐

i n g:

( 1 ) U n c l o s ab l e  o p e n i n g s  an d  th e i r  e ffe c ts  o n  d i s tr i b u ti o n  an d
c o n c e n tr a ti o n  (see also 7. 6. 3)

( 2 ) C o n tr o l  o f a c i d  g as e s
( 3 ) Re -i gn i ti o n  fr o m  h e a te d  s u r fac e s
( 4 ) F u e l  typ e ,  confgurations,  s c e n a r i o s  n o t fu l l y a c c o u n te d

fo r  i n  th e  e x ti n g u i s h i n g c o n c e n tr a ti o n ,  e n c l o s u r e  g e o m e ‐
tr y,  an d  o b s tr u c ti o n s  an d  th e i r  e ffe c ts  o n  d i s tr i b u ti o n

N Tab l e  7 . 3 . 3 . 1  D e s i gn  Fac to rs  fo r P i p i n g Te e s

D e s i gn  Fac to r
Te e  C o u n t

H al o c arb o n
D e s i gn  Fac to r

I n e r t G as
D e s i gn  Fac to r

0 –4 0 . 0 0 0 . 0 0
5 0 . 0 1 0 . 0 0
6 0 . 0 2 0 . 0 0
7 0 . 0 3 0 . 0 0
8 0 . 0 4 0 . 0 0
9 0 . 0 5 0 . 0 1

1 0 0 . 0 6 0 . 0 1
1 1 0 . 0 7 0 . 0 2
1 2 0 . 0 7 0 . 0 2
1 3 0 . 0 8 0 . 0 3
1 4 0 . 0 9 0 . 0 3
1 5 0 . 0 9 0 . 0 4
1 6 0 . 1 0 0 . 0 4
1 7 0 . 1 1 0 . 0 5
1 8 0 . 1 1 0 . 0 5
1 9 0 . 1 2 0 . 0 6
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N 7 . 3 . 3 . 3 *  D e s i gn  Fac to r fo r E n c l o s u re  P re s s u re .    T h e  d e s i g n
q u an ti ty o f th e  c l e a n  a ge n t s h al l  b e  ad j u s te d  i n  a c c o r d a n c e  wi th

Tab l e  7 . 3 . 3 . 3  to  c o m p e n s a te  fo r  am b i e n t p r e s s u r e s  th at var y
m o r e  th an  1 1  p e r c e n t [ e q u i val e n t to  a p p r o x i m a te l y 3 0 0 0  ft
( 9 1 5  m )  o f e l e vati o n  c h an g e ]  fr o m  s ta n d a r d  s e a l e ve l  p r e s s u r e s

[ 2 9 . 9 2  i n .  H g  at 7 0 ° F  ( 7 6 0  m m  H g  at 0 ° C ) ] .

N 7 . 4 *  D u rati o n  o f P ro te c ti o n .

N 7 . 4 . 1    F o r  fame-extinguishing  s ys te m s ,  a  m i n i m u m  c o n c e n tr a‐
ti o n  o f 8 5  p e r c e n t o f th e  m i n i m u m  d e s i gn  c o n c e n tr ati o n  s h a l l

b e  h e l d  at th e  h i gh e s t h e i g h t o f p r o te c te d  c o n te n t wi th i n  th e
h az ar d  fo r  a  p e r i o d  o f 1 0  m i n u te s  o r  fo r  a ti m e  p e r i o d  suff‐
cient to  a l l o w fo r  r e s p o n s e  b y tr ai n e d  p e r s o n n e l .

N 7 . 4 . 2    F o r  i n e r ti n g s ys te m s ,  a m i n i m u m  c o n c e n tr a ti o n  n o t l e s s
th an  th e  i n e r ti n g  c o n c e n tr a ti o n  d e te r m i n e d  i n  ac c o r d a n c e

wi th  7 . 2 . 3 . 1  s h al l  b e  h e l d  th r o u g h o u t th e  p r o te c te d  s p ac e  fo r  a
ti m e  p e r i o d  suffcient to  al l o w fo r  r e s p o n s e  b y tr a i n e d  p e r s o n ‐

n e l .

N 7 . 5  D i s tri b u ti o n  S ys te m .

N 7 . 5 . 1 *  I n i ti al  D i s c h arge  T i m e .

N 7 . 5 . 1 . 1 *    F o r  h a l o c ar b o n  a ge n ts ,  th e  d i s c h ar g e  ti m e  s h a l l  n o t
e x c e e d  1 0  s e c o n d s  o r  as  o th e r wi s e  r e q u i r e d  b y th e  au th o r i ty

h avi n g  j u r i s d i c ti o n .

N 7 . 5 . 1 . 2    F o r  i n e r t g as  a ge n ts ,  th e  d i s c h ar g e  ti m e  s h al l  n o t
e x c e e d  6 0  s e c o n d s  fo r  C l as s  B  fu e l  h az ar d s ,  1 2 0  s e c o n d s  fo r
C l a s s  A surface-fre  h az ar d s  o r  C l a s s  C  h az ar d s ,  o r  as  o th e r wi s e

r e q u i r e d  b y th e  au th o r i ty h a vi n g j u r i s d i c ti o n .  (See A. 7. 5. 1 . 1 . )

N 7 . 5 . 1 . 3 *    F l o w c al c u l a ti o n s  p e r fo r m e d  i n  ac c o r d a n c e  wi th
S e c ti o n  6 . 2  o r  i n  a c c o r d a n c e  wi th  th e  l i s te d  p r e -e n g i n e e r e d

s ys te m s  i n s tr u c ti o n  m an u a l s  s h a l l  b e  u s e d  to  d e m o n s tr ate
c o m p l i a n c e  wi th  7 . 5 . 1 . 1  o r  7 . 5 . 1 . 2 .

N 7 . 5 . 1 . 4    F o r  e x p l o s i o n  p r e ve n ti o n  s ys te m s ,  th e  d i s c h a r ge  ti m e
fo r  a ge n ts  s h a l l  e n s u r e  th a t th e  m i n i m u m  i n e r ti n g  d e s i g n

c o n c e n tr a ti o n  i s  ac h i e ve d  b e fo r e  c o n c e n tr ati o n  o f fammable
va p o r s  r e a c h  th e  fammable  r an g e .

N 7 . 5 . 2 *  E x te n d e d  D i s c h arge .    Wh e r e  a n  e x te n d e d  d i s c h ar g e  i s
n e c e s s ar y to  m ai n ta i n  th e  d e s i g n  c o n c e n tr a ti o n  fo r  th e  s p e c i ‐

N Tab l e  7 . 3 . 3 . 3  Atm o s p h e ri c  C o r re c ti o n  Fac to rs

E q u i val e n t
Al ti tu d e  

E n c l o s u re  P re s s u re
( Ab s o l u te )  

Atm o s p h e ri c
C o r re c ti o n

Fac to rft k m  p s i m m  H g  

- 3 , 0 0 0 -0 . 9 2 1 6 . 2 5 8 4 0 1 . 1 1
- 2 , 0 0 0 -0 . 6 1 1 5 . 7 1 8 1 2 1 . 0 7
- 1 , 0 0 0 -0 . 3 0 1 5 . 2 3 7 8 7 1 . 0 4

0 0 . 0 0 1 4 . 7 0 7 6 0 1 . 0 0
1 , 0 0 0 0 . 3 0 1 4 . 1 8 7 3 3 0 . 9 6
2 , 0 0 0 0 . 6 1 1 3 . 6 4 7 0 5 0 . 9 3
3 , 0 0 0 0 . 9 1 1 3 . 1 2 6 7 8 0 . 8 9
4 , 0 0 0 1 . 2 2 1 2 . 5 8 6 5 0 0 . 8 6
5 , 0 0 0 1 . 5 2 1 2 . 0 4 6 2 2 0 . 8 2
6 , 0 0 0 1 . 8 3 1 1 . 5 3 5 9 6 0 . 7 8
7 , 0 0 0 2 . 1 3 1 1 . 0 3 5 7 0 0 . 7 5
8 , 0 0 0 2 . 4 5 1 0 . 6 4 5 5 0 0 . 7 2
9 , 0 0 0 2 . 7 4 1 0 . 2 2 5 2 8 0 . 6 9

1 0 , 0 0 0 3 . 0 5 9 . 7 7 5 0 5 0 . 6 6

fed  p e r i o d  o f ti m e ,  a d d i ti o n al  ag e n t q u an ti ti e s  s h al l  b e  p e r m i t‐
te d  to  b e  ap p l i e d  a t a r e d u c e d  r ate .

N 7 . 5 . 2 . 1    T h e  i n i ti a l  d i s c h a r ge  s h al l  b e  c o m p l e te d  wi th i n  th e
l i m i ts  specifed  i n  7 . 5 . 1 . 1 .

N 7 . 5 . 2 . 2    T h e  p e r fo r m a n c e  o f th e  e x te n d e d  d i s c h a r ge  s ys te m
s h a l l  b e  confrmed  b y te s t.

N 7 . 6  N o z z l e  C h o i c e  an d  L o c ati o n .

N 7 . 6 . 1    N o z z l e s  s h a l l  b e  o f th e  typ e  l i s te d  fo r  th e  i n te n d e d
p u r p o s e .

N 7 . 6 . 2    N o z z l e s  s h al l  b e  p l ac e d  wi th i n  th e  p r o te c te d  e n c l o s u r e
i n  c o m p l i an c e  wi th  l i s te d  l i m i tati o n s  wi th  r e g ar d  to  s p a c i n g ,
foor  c o ve r ag e ,  a n d  al i g n m e n t.

N 7 . 6 . 3    T h e  typ e  o f n o z z l e s  s e l e c te d ,  th e i r  n u m b e r,  a n d  th e i r
p l a c e m e n t s h al l  b e  s u c h  th at th e  d e s i gn  c o n c e n tr ati o n  wi l l  b e
e s tab l i s h e d  i n  a l l  p ar ts  o f th e  h az ar d  e n c l o s u r e  a n d  s u c h  th at

th e  d i s c h a r ge  wi l l  n o t u n d u l y s p l as h  fammable  l i q u i d s  o r
c r e a te  d u s t c l o u d s  th a t c o u l d  e x te n d  th e  fre,  c r e ate  an  e x p l o ‐
s i o n ,  o r  o th e r wi s e  ad ve r s e l y affe c t th e  c o n te n ts  o r  i n te gr i ty o f

th e  e n c l o s u r e .

C h ap te r 8    L o c al  Ap p l i c ati o n  S ys te m s

8 . 1  D e s c ri p ti o n .    A l o c a l  ap p l i c ati o n  s ys te m  s h a l l  c o n s i s t o f a
fxed  s u p p l y o f c l e an  a ge n t p e r m an e n tl y c o n n e c te d  to  a s ys te m

o f fxed  p i p i n g  wi th  n o z z l e s  a r r an g e d  to  d i s c h ar g e  d i r e c tl y i n to
th e  fre.

8 . 1 . 1  U s e s .    L o c a l  ap p l i c ati o n  s ys te m s  s h al l  b e  u s e d  fo r  th e
e x ti n g u i s h m e n t o f s u r fac e  fres  i n  fammable  l i q u i d s ,  ga s e s ,  an d
s h a l l o w s o l i d s  wh e r e  th e  h a z a r d  i s  n o t e n c l o s e d  o r  wh e r e  th e

e n c l o s u r e  d o e s  n o t c o n fo r m  to  th e  r e q u i r e m e n ts  fo r  to tal
fooding.

8 . 1 . 2  G e n e ral  Re q u i re m e n ts .    L o c al  a p p l i c ati o n  s ys te m s  s h a l l
b e  d e s i gn e d ,  i n s ta l l e d ,  te s te d ,  an d  m a i n tai n e d  i n  a c c o r d a n c e
wi th  th e  ap p l i c ab l e  r e q u i r e m e n ts  o f th i s  s tan d ar d .

8 . 1 . 3 *  S afe ty Re q u i re m e n ts .    T h e  s a fe ty r e q u i r e m e n ts  o f
S e c ti o n  4 . 3  s h al l  ap p l y.  D u r i n g  ag e n t d i s c h a r ge ,  l o c al l y h i gh

c o n c e n tr a ti o n s  o f th e  a ge n t wi l l  b e  d e ve l o p e d ;  th e r e fo r e  th e
r e q u i r e m e n ts  o f S e c ti o n  4 . 3  s h a l l  b e  fo l l o we d  to  p r e ve n t e x p o ‐
s u r e  o f p e r s o n n e l  to  h i g h  c o n c e n tr ati o n s  o f ag e n t.

8 . 2  H az ard  Specifcations.

8 . 2 . 1  E x te n t o f H az ard .    T h e  h a z a r d  s h al l  b e  s o  i s o l a te d  fr o m
o th e r  h a z a r d s  o r  c o m b u s ti b l e s  th at fre  wi l l  n o t s p r e ad  o u ts i d e
th e  p r o te c te d  a r e a.

8 . 2 . 1 . 1    T h e  e n ti r e  h a z a r d  s h al l  b e  p r o te c te d .

8 . 2 . 1 . 2    T h e  h a z a r d  s h a l l  i n c l u d e  al l  a r e as  th at a r e  o r  c an
b e c o m e  c o a te d  b y c o m b u s ti b l e  l i q u i d s  o r  s h a l l o w s o l i d  c o a t‐

i n g s ,  s u c h  a s  ar e a s  s u b j e c t to  s p i l l ag e ,  l e akag e ,  d r i p p i n g ,  s p l a s h ‐
i n g,  o r  c o n d e n s a ti o n .

8 . 2 . 1 . 3    T h e  h az ar d  s h al l  al s o  i n c l u d e  al l  a s s o c i a te d  m ate r i al s
o r  e q u i p m e n t,  s u c h  as  fr e s h l y c o a te d  s to c k,  d r ai n  b o ar d s ,
h o o d s ,  d u c ts ,  an d  s o  fo r th ,  th a t c o u l d  e x te n d  fre  o u ts i d e  o r

l e ad  fre  i n to  th e  p r o te c te d  ar e a .

8 . 2 . 1 . 4    A s e r i e s  o f i n te r e x p o s e d  h az ar d s  s h al l  b e  p e r m i tte d  to
b e  s u b d i vi d e d  i n to  s m al l e r  gr o u p s  o r  s e c ti o n s  wi th  th e  a p p r o val

o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n .
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8 . 2 . 1 . 4 . 1    S ys te m s  fo r  s u c h  h az ar d s  s h a l l  b e  d e s i gn e d  to  gi ve
i m m e d i a te  i n d e p e n d e n t p r o te c ti o n  to  a d j ac e n t gr o u p s  o r
s e c ti o n s  as  n e e d e d .

8 . 2 . 2  L o c ati o n  o f H az ard .

8 . 2 . 2 . 1    T h e  h a z a r d  s h a l l  b e  p e r m i tte d  to  b e  i n d o o r s ,  p ar tl y
s h e l te r e d ,  o r  c o m p l e te l y o u t o f d o o r s .

8 . 2 . 2 . 2    T h e  c l e a n  ag e n t d i s c h ar g e  s h a l l  b e  s u c h  th at wi n d s  o r
s tr o n g ai r  c u r r e n ts  d o  n o t i m p a i r  th e  p r o te c ti o n .  I t s h al l  b e  th e
re s p o n s i b i l i ty o f th e  s ys te m  d e s i gn e r  to  s h o w th at s u c h  c o n d i ‐
ti o n s  h ave  b e e n  take n  i n to  a c c o u n t i n  th e  d e s i g n  o f a s ys te m .

8 . 3  C l e an  Age n t Re q u i re m e n ts .    T h e  q u a n ti ty o f c l e a n  ag e n t
r e q u i r e d  fo r  l o c al  a p p l i c ati o n  s ys te m s  s h al l  b e  b a s e d  o n  th e  r ate
o f d i s c h a r ge  a n d  th e  ti m e  th at th e  d i s c h ar g e  m u s t b e  m ai n ‐
ta i n e d  to  e n s u r e  c o m p l e te  e x ti n g u i s h m e n t.  T h e  m i n i m u m
d e s i g n  q u a n ti ty s h al l  b e  n o  l e s s  th an  1 . 5  ti m e s  th e  m i n i m u m
q u an ti ty r e q u i r e d  fo r  e x ti n gu i s h m e n t at an y s e l e c te d  s ys te m
d i s c h ar g e  r ate .

8 . 4  N o z z l e s .

8 . 4 . 1  N o z z l e  S e l e c ti o n .    T h e  b a s i s  fo r  n o z z l e  s e l e c ti o n  s h a l l  b e
l i s te d  p e r fo r m a n c e  d ata th at c l e ar l y d e p i c t th e  i n te r r e l a ti o n ‐
s h i p  o f a ge n t q u a n ti ty,  d i s c h ar g e  r ate ,  d i s c h ar g e  ti m e ,  ar e a
c o ve r ag e ,  an d  th e  d i s tan c e  o f th e  n o z z l e  fr o m  th e  p r o te c te d
s u r fac e .

8 . 4 . 1 . 1 *    T h e  m a x i m u m  p e r m i tte d  ti m e  to  e x ti n g u i s h  a  fre
wi th  a h al o c a r b o n  ag e n t s h a l l  b e  1 0  s e c o n d s .

8 . 4 . 1 . 2 *    T h e  m a x i m u m  p e r m i tte d  ti m e  to  e x ti n g u i s h  a  fre
wi th  an  i n e r t ga s  a ge n t s h a l l  b e  3 0  s e c o n d s .

8 . 4 . 1 . 3 *    Wh e r e  fammable  l i q u i d  fres  o f ap p r e c i a b l e  d e p th
[ o ve r  1 ∕4  i n .  ( 6  m m ) ]  ar e  to  b e  p r o te c te d ,  a  m i n i m u m  fr e e b o ar d

o f 6  i n .  ( 1 5 2  m m )  s h a l l  b e  p r o vi d e d  u n l e s s  o th e r wi s e  n o te d  i n
ap p r o val s  o r  l i s ti n gs  o f n o z z l e s .

8 . 4 . 2  N o z z l e  D i s c h arge  Rate s .    T h e  d e s i gn  d i s c h ar g e  r ate
th r o u g h  i n d i vi d u al  n o z z l e s  s h a l l  b e  d e te r m i n e d  o n  th e  b as i s  o f

l o c a ti o n  o r  p r o j e c ti o n  d i s tan c e  i n  a c c o r d an c e  wi th  specifc
ap p r o val s  o r  l i s ti n gs .

8 . 4 . 2 . 1    T h e  s ys te m  d i s c h a r ge  r ate  s h al l  b e  th e  s u m  o f th e  i n d i ‐
vi d u a l  r ate s  o f al l  th e  n o z z l e s  a n d  d i s c h a r ge  d e vi c e s  u s e d  i n  th e
s ys te m .

8 . 4 . 3  D i s c h arge  T i m e .    T h e  m i n i m u m  d e s i g n  d i s c h ar g e  ti m e
s h a l l  b e  d e te r m i n e d  b y d i vi d i n g th e  d e s i g n  q u an ti ty b y th e

d e s i g n  ra te .

8 . 4 . 3 . 1    T h e  d i s c h a r ge  ti m e  s h al l  b e  i n c r e as e d  to  c o m p e n s ate
fo r  an y h a z a r d  c o n d i ti o n  th at wo u l d  r e q u i r e  a  l o n g e r  c o o l i n g

p e r i o d  o r  fo r  m e c h a n i c al  r u n d o wn  ti m e  a s s o c i a te d  wi th  ve n ti l a‐
ti o n  e q u i p m e n t p r e s e n t to  p r e ve n t r e -i g n i ti o n .

8 . 4 . 3 . 2    Wh e r e  th e r e  i s  a p o s s i b i l i ty th a t m e tal  o r  o th e r  m a te ‐
r i al  c a n  b e c o m e  h e ate d  a b o ve  th e  i gn i ti o n  te m p e r a tu r e  o f th e

fu e l ,  th e  e ffe c ti ve  d i s c h ar g e  ti m e  s h al l  b e  i n c r e as e d  to  a l l o w
ad e q u ate  c o o l i n g ti m e .

8 . 4 . 3 . 3 *    Wh e r e  th e  fu e l  h as  an  au to -i gn i ti o n  p o i n t b e l o w i ts
b o i l i n g  p o i n t,  s u c h  as  paraffn  wax  an d  c o o ki n g  o i l s ,  th e  e ffe c ‐
ti ve  d i s c h ar g e  ti m e  s h al l  b e  i n c r e as e d  to  p e r m i t c o o l i n g  o f th e

fu e l  to  p r e ve n t r e -i gn i ti o n .

8 . 5  L o c ati o n  an d  N u m b e r o f N o z z l e s .

8 . 5 . 1 *    A suffcient n u m b e r  o f n o z z l e s  s h al l  b e  u s e d  to  c o ve r
th e  e n ti r e  h az ar d  ar e a  o n  th e  b as i s  o f th e  u n i t ar e a s  p r o te c te d

b y e ac h  n o z z l e .

8 . 5 . 2 *    L o c al  a p p l i c ati o n  n o z z l e s  s h a l l  b e  l o c a te d  i n  ac c o r d ‐
an c e  wi th  s p ac i n g an d  d i s c h a r ge  r ate  l i m i tati o n s  s ta te d  i n
n o z z l e  l i s ti n g s .

8 . 5 . 3    L i n e a r  d e te c ti o n  tu b i n g s h al l  b e  p e r m i tte d  to  b e  u s e d
fo r  ag e n t d i s c h ar g e  wi th i n  th e  l i m i tati o n s  o f i ts  l i s ti n g .

8 . 5 . 4    N o z z l e s  s h al l  b e  l o c ate d  s o  a s  to  p r o te c t c o a te d  s to c k o r
o th e r  h az ar d s  e x te n d i n g  ab o ve  a p r o te c te d  s u r fac e .

•

N C h ap te r 9    D e te c ti o n ,  Ac tu ati o n ,  Al ar m ,  an d  C o n tro l  S ys te m s
fo r C l e an  Age n t Re l e as i n g Ap p l i c ati o n s

N 9 . 1 *  G e n e ral .

N 9 . 1 . 1  C o n tro l  P an e l  fo r Re l e as i n g S e r vi c e .    D e te c ti o n ,  ac tu a‐
ti o n ,  al ar m ,  an d  c o n tr o l  s ys te m s  s h al l  b e  d e s i gn e d ,  i n s ta l l e d ,

te s te d ,  a n d  m ai n ta i n e d  i n  a c c o r d an c e  wi th  NFPA 72.

N 9 . 1 . 1 . 1    S ys te m s  o p e r ate d  b y m e c h a n i c al  m an u al  r e l e a s e  o n l y
s h a l l  b e  p e r m i tte d  i f a c c e p ta b l e  to  th e  au th o r i ty h a vi n g j u r i s d i c ‐
ti o n .

N 9 . 1 . 1 . 2    A d e d i c a te d  p r i m ar y p o we r  s u p p l y a n d  2 4 -h o u r  m i n i ‐
m u m  s tan d b y p o we r  s u p p l ywi th  a  m i n i m u m  5 - m i n u te  a l a r m

c u r r e n t s h a l l  b e  u s e d  to  p r o vi d e  fo r  o p e r ati o n  o f th e  d e te c ti o n ,
s i gn a l i n g ,  c o n tr o l ,  an d  a c tu a ti o n  r e q u i r e m e n ts  o f th e  s ys te m .

N 9 . 1 . 1 . 3    A p r o te c te d  p r e m i s e s  b u i l d i n g  fre  al ar m  s ys te m  s h a l l
b e  p e r m i tte d  to  s e r ve  a s  a  c l e an  ag e n t s u p p r e s s i o n  s ys te m
r e l e as i n g  c o n tr o l  p an e l  o n l y i f i t i s  l i s te d  fo r  r e l e as e  wi th  th e
specifc  c l e an  ag e n t s u p p r e s s i o n  s ys te m ’ s  r e l e as i n g  d e vi c e ,  p e r

9 . 4 . 8  an d  9 . 4 . 9 .

N 9 . 1 . 1 . 4    I f th e  c l e a n  ag e n t s u p p r e s s i o n  s ys te m  r e l e as i n g c o n tr o l
p an e l  i s  l o c a te d  i n  a p r o te c te d  p r e m i s e s  h avi n g  a s e p ar a te
b u i l d i n g  fre  a l ar m  s ys te m ,  th e  r e l e as i n g  c o n tr o l  p a n e l  s h al l  b e

m o n i to r e d  b y th e  b u i l d i n g  fre  al ar m  s ys te m  fo r  al ar m ,  s u p e r vi ‐
s o r y,  an d  tr o u b l e  s i g n al s .

N 9 . 1 . 1 . 5 *    I f th e  r e l e a s i n g s e r vi c e  fre  al ar m  c o n tr o l  u n i t i s  l o c a‐
te d  i n  a  p r o te c te d  p r e m i s e s  h avi n g  a s e p a r ate  fre  a l ar m  s ys te m ,

i t s h al l  b e  m o n i to r e d  fo r  al ar m ,  s u p e r vi s o r y,  a n d  tr o u b l e
s i gn a l s ,  b u t s h al l  n o t b e  d e p e n d e n t o n  o r  affe c te d  b y th e  o p e r a‐
ti o n  o r  fa i l u r e  o f th e  p r o te c te d  p r e m i s e s  fre  a l a r m  s ys te m .

N 9 . 1 . 2  I n i ti ati o n  an d  Ac tu ati o n .    Au to m ati c  d e te c ti o n  an d  au to ‐
m a ti c  a c tu a ti o n  s h a l l  b e  u s e d .

N 9 . 1 . 3 *  Wi ri n g M e th o d s .    I n i ti ati n g  an d  r e l e as i n g  c i r c u i t wi r i n g
s h a l l  b e  i n s tal l e d  i n  r a c e ways .

N 9 . 1 . 3 . 1    O th e r  th a n  a s  p e r m i tte d  i n  9 . 1 . 3 . 2 ,  al te r n a ti n g c u r r e n t
( ac )  a n d  d i r e c t c u r r e n t ( d c )  wi r i n g  s h a l l  n o t b e  c o m b i n e d  i n  a

c o m m o n  c o n d u i t o r  r a c e way.

N 9 . 1 . 3 . 2    I t s h a l l  b e  p e r m i tte d  to  c o m b i n e  a c  a n d  d c  wi r i n g  i n  a
c o m m o n  c o n d u i t o r  r a c e way wh e r e  s h i e l d e d  an d  g r o u n d e d .

N 9 . 2  Au to m ati c  D e te c ti o n .

N 9 . 2 . 1 *    Au to m ati c  d e te c ti o n  s h al l  b e  b y a n y l i s te d  m e th o d  o r
d e vi c e  c ap a b l e  o f d e te c ti n g  a n d  i n d i c ati n g  h e a t,  fame,  s m o ke ,
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c o m b u s ti b l e  va p o r s ,  o r  a n  a b n o r m al  c o n d i ti o n  i n  th e  h az ar d ,
s u c h  a s  p r o c e s s  tr o u b l e ,  th at i s  l i ke l y to  p r o d u c e  fre.

N 9 . 2 . 2 *    Wh e r e  a n e w ag e n t s ys te m  i s  b e i n g  i n s ta l l e d  i n  a s p a c e
th a t h as  a n  e x i s ti n g  d e te c ti o n  s ys te m ,  an  an a l ys i s  s h al l  b e  m ad e
o f th e  d e te c ti o n  d e vi c e s  to  e n s u r e  th at th e  d e te c ti o n  s ys te m  i s
i n  g o o d  o p e r ati n g  c o n d i ti o n  a n d  wi l l  r e s p o n d  to  a fre  s i tu ati o n
i n  ac c o r d an c e  wi th  s ys te m  d e s i g n  o b j e c ti ve s .

N 9 . 3  M an u al  Re l e as e .    A m e an s  o f m an u al  r e l e as e  o f th e  s ys te m
s h a l l  b e  p r o vi d e d ,  e x c e p t wh e r e  p e r m i tte d  to  b e  o m i tte d  i n
ac c o r d an c e  wi th  9 . 3 . 4 .

N 9 . 3 . 1    T h e  m an u al  r e l e as e  s h al l  c au s e  s i m u l tan e o u s  o p e r a ti o n
o f au to m ati c a l l y o p e r a te d  va l ve s  c o n tr o l l i n g a ge n t r e l e a s e  an d
d i s tr i b u ti o n .

N 9 . 3 . 2    A d i s c h ar g e  p r e s s u r e  s wi tc h  th at p r o vi d e s  a n  a l a r m -
i n i ti a ti n g s i g n al  to  th e  r e l e a s i n g  p an e l  s h al l  b e  r e q u i r e d  wh e r e
a m e c h a n i c al  m a n u a l  r e l e a s e  i s  u ti l i z e d  a n d  m e c h an i c a l  s ys te m
ac tu ati o n  i s  p o s s i b l e .

N 9 . 3 . 3 *    Wh e r e  a r e l e a s i n g p an e l  i s  n o t u s e d ,  th e  d i s c h a r ge  p r e s ‐
s u r e  s wi tc h  s h al l  i n i ti ate  e l e c tr i c a l  fu n c ti o n s  th at ar e  r e q u i r e d
u p o n  s ys te m  a c tu a ti o n ,  i n c l u d i n g  notifcation.

N 9 . 3 . 4    A m e a n s  o f m a n u a l  r e l e as e  s h a l l  n o t b e  r e q u i r e d  fo r
au to m a ti c  s ys te m s  wh e n  th e  h a z a r d  b e i n g  p r o te c te d  i s  u n o c c u ‐
p i a b l e  a n d  th e  h az ar d  i s  i n  a  r e m o te  l o c ati o n  wh e r e  p e r s o n n e l
ar e  n o t n o r m al l y p r e s e n t.

N 9 . 3 . 5    T h e  m a n u a l  r e l e as e ( s )  s h al l  b e  ac c e s s i b l e  at a l l  ti m e s ,
i n c l u d i n g  at th e  ti m e  o f a fre.

N 9 . 3 . 6    T h e  m an u al  r e l e as e ( s )  s h al l  b e  r e c o g n i z ab l e  fo r  th e
p u r p o s e  i n te n d e d .

N 9 . 3 . 7    O p e r a ti o n  o f an y m an u a l  c o n tr o l  s h a l l  c a u s e  th e
c o m p l e te  s ys te m  to  o p e r ate  as  d e s i g n e d .

N 9 . 3 . 8    M an u a l  c o n tr o l s  s h al l  n o t r e q u i r e  a  p u l l  o f m o r e  th a n
4 0  l b  ( 1 7 8  N )  n o r  a  m o ve m e n t o f m o r e  th an  1 4  i n .  ( 3 5 6  m m )
to  s e c u r e  o p e r ati o n .

N 9 . 3 . 9    At l e as t o n e  m a n u al  c o n tr o l  fo r  a c ti va ti o n  s h al l  b e  l o c a‐
te d  n o t m o r e  th a n  4  ft ( 1 . 2  m )  ab o ve  th e  foor.

N 9 . 3 . 1 0    Al l  m an u a l  o p e r ati n g  d e vi c e s  s h al l  b e  identifed  a s  to
th e  h az ar d  th e y p r o te c t.

N 9 . 4  O p e rati n g D e vi c e s  an d  C o n tro l  E q u i p m e n t fo r Age n t
Re l e as e ,  D i s c h arge  C o n tro l ,  an d  E q u i p m e n t S h u td o wn .

N 9 . 4 . 1    O p e r ati o n  o f ag e n t- r e l e as i n g d e vi c e s  o r  va l ve s ,  d i s c h a r ge
c o n tr o l s ,  an d  s h u td o wn  e q u i p m e n t n e c e s s ar y fo r  s u c c e s s fu l
p e r fo r m an c e  o f th e  s ys te m  s h al l  b e  b y l i s te d  m e c h an i c al ,  e l e c ‐
tr i c a l ,  o r  p n e u m ati c  m e an s .

N 9 . 4 . 2    O p e r a ti n g d e vi c e s  s h al l  b e  s u i ta b l e  fo r  ap p l i c ati o n  i n  th e
e n vi r o n m e n t i n  wh i c h  th e y ar e  e m p l o ye d .

N 9 . 4 . 3    O p e r a ti n g e q u i p m e n t s h al l  n o t r e a d i l y b e  r e n d e r e d
i n o p e r ati ve  o r  s u s c e p ti b l e  to  ac c i d e n ta l  o p e r ati o n .

N 9 . 4 . 4    D e vi c e s  n o r m al l y s h a l l  b e  d e s i g n e d  to  fu n c ti o n  p r o p e r l y
fr o m  − 2 0 ° F  to  1 3 0 ° F  ( − 2 9 ° C  to  5 4 ° C )  o r  m ar ke d  to  i n d i c a te
te m p e r a tu r e  l i m i ta ti o n s .

N 9 . 4 . 5    O p e r ati n g  d e vi c e s  s h al l  b e  l o c ate d ,  i n s tal l e d ,  o r  p r o te c ‐
te d  s o  th at th e y ar e  n o t s u b j e c t to  m e c h a n i c al ,  c h e m i c a l ,  o r
o th e r  d a m a ge  th at wo u l d  r e n d e r  th e m  i n o p e r ati ve .

N 9 . 4 . 6    Wh e r e  ga s  p r e s s u r e  fr o m  th e  s ys te m  o r  p i l o t c o n tai n e r s
i s  u s e d  as  a m e a n s  fo r  r e l e as i n g  th e  a ge n t s to r ag e  r e m ai n i n g

c o n tai n e r s ,  th e  s u p p l y a n d  d i s c h ar g e  r ate  s h al l  b e  d e s i gn e d  fo r
r e l e as i n g al l  th e  r e m a i n i n g  c o n tai n e r s .

N 9 . 4 . 7    Al l  d e vi c e s  fo r  s h u tti n g  d o wn  s u p p l e m e n tar y e q u i p m e n t
s h a l l  fu n c ti o n  wi th  th e  s ys te m  o p e r a ti o n  as  i n te g r al  p a r ts  o f th e
s ys te m .

N 9 . 4 . 8    T h e  c o n tr o l  e q u i p m e n t s h a l l  b e  specifcally l i s te d  fo r  th e
n u m b e r  a n d  typ e  o f ac tu ati n g  d e vi c e s  u ti l i z e d .

N 9 . 4 . 9    T h e  c o n tr o l  e q u i p m e n t an d  ac tu ati n g  d e vi c e s  s h a l l  b e
l i s te d  fo r  c o m p ati b i l i ty.

N 9 . 4 . 1 0  S u p e r vi s i o n  o f E l e c tri c  Ac tu ato r Re m o val .

N 9 . 4 . 1 0 . 1 *    Re m o va l  o f an  e l e c tr i c  a c tu ato r  fr o m  th e  ag e n t s to r ‐
ag e  c o n ta i n e r  d i s c h a r ge  val ve  o r  s e l e c to r  va l ve  th at i t c o n tr o l s

s h a l l  r e s u l t i n  a n  au d i b l e  an d  vi s u a l  i n d i c ati o n  o f s ys te m  i m p a i r ‐
m e n t at th e  s ys te m  r e l e as i n g  c o n tr o l  p a n e l .

N 9 . 4 . 1 0 . 2    S u b s e c ti o n  9 . 4 . 1 0 . 1  s h al l  n o t a p p l y to  s ys te m s  c o ve r e d
u n d e r  C h a p te r  1 3  o f th i s  s tan d ar d  wi th  th e  e x c e p ti o n  o f th o s e
s ys te m s  i n c l u d e d  u n d e r  S e c ti o n  1 3 . 6 .

N 9 . 4 . 1 1    T h e  c o n tr o l  e q u i p m e n t s h al l  s u p e r vi s e  th e  a c tu ati n g
d e vi c e s  a n d  as s o c i ate d  wi r i n g  an d ,  as  r e q u i r e d ,  c a u s e  ac tu ati o n .

N 9 . 4 . 1 2    Re m o val  o f th e  p r i m a r y ag e n t c o n tai n e r  a c tu ati n g
d e vi c e  fr o m  th e  d i s c h a r ge  va l ve  o r  s e l e c to r  val ve  s h a l l  c a u s e  a

tr o u b l e  o r  s u p e r vi s o r y s i gn a l  at th e  r e l e as i n g  c o n tr o l  u n i t.

N 9 . 4 . 1 3 *    Wh e r e  p n e u m ati c  c o n tr o l  e q u i p m e n t i s  u s e d ,  th e  l i n e s
s h a l l  b e  p r o te c te d  a ga i n s t l o s s  o f i n te g r i ty.

N 9 . 5  O p e rati n g Al ar m s ,  Notifcation  Ap p l i an c e s ,  an d  I n d i c ato rs .

N 9 . 5 . 1    Notifcation  ap p l i an c e s  o r  c o n tr o l  p an e l  i n d i c a to r s  s h a l l
b e  u s e d  to  i n d i c a te  th e  o p e r a ti o n  o f th e  s ys te m ,  h az ar d s  to

p e r s o n n e l ,  o r  fai l u r e  o f a n y s u p e r vi s e d  d e vi c e .

N 9 . 5 . 2 *    T h e  typ e  ( e . g . ,  a u d i b l e ,  vi s u al ) ,  n u m b e r,  an d  l o c a ti o n
o f notifcation  a p p l i a n c e s  an d  i n d i c ato r s  s h a l l  b e  s u c h  th at
th e i r  p u r p o s e  i s  ac c o m p l i s h e d ,  fulflling  al l  r e q u i r e m e n ts .

N 9 . 5 . 3    T h e  notifcation  ap p l i an c e s  s h a l l  b e  d e s i gn e d  to  o p e r ate
i n  ac c o r d an c e  wi th  th e  r e q u i r e m e n ts  o f th e  b u i l d i n g’ s  e m e r ‐

g e n c y r e s p o n s e  p l an .

N 9 . 5 . 4    Au d i b l e  a n d  vi s u al  p r e -d i s c h ar g e  notifcation  s h al l  b e
p r o vi d e d  wi th i n  th e  p r o te c te d  a r e a o f o c c u p i a b l e  s p ac e s  to  gi ve

p o s i ti ve  war n i n g  o f i m p e n d i n g  d i s c h a r ge .

N 9 . 5 . 5    T h e  o p e r ati o n  o f th e  notifcation  a p p l i a n c e s  s h al l  b e
c o n ti n u e d  a fte r  a ge n t d i s c h ar g e  u n ti l  p o s i ti ve  ac ti o n  h a s  b e e n
ta ke n  to  a c kn o wl e d g e  th e  al ar m  an d  to  p r o c e e d  wi th  ap p r o p r i ‐

a te  a c ti o n .

N 9 . 6  Ab o r t S wi tc h e s .    Ab o r t s wi tc h e s  s h a l l  b e  p e r m i tte d  to  b e
i n s ta l l e d  fo r  c l e an  a ge n t r e l e as i n g s ys te m s .

N 9 . 6 . 1    Ab o r t s wi tc h e s ,  wh e r e  p r o vi d e d ,  s h a l l  b e  l o c ate d  wi th i n
th e  p r o te c te d  a r e a an d  n e a r  th e  m e an s  o f e g r e s s  fo r  th e  ar e a.

N 9 . 6 . 2    T h e  a b o r t s wi tc h  s h a l l  b e  o f a typ e  th a t r e q u i r e s  c o n s tan t
m a n u al  p r e s s u r e  to  c au s e  a b o r t.

N 9 . 6 . 3    T h e  m an u a l  r e l e a s e  s h a l l  o ve r r i d e  th e  ab o r t fu n c ti o n .

N 9 . 6 . 4    O p e r a ti o n  o f th e  a b o r t fu n c ti o n  s h a l l  r e s u l t i n  b o th  au d i ‐
b l e  a n d  d i s ti n c t vi s u al  i n d i c ati o n  o f s ys te m  i m p ai r m e n t.
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N 9 . 6 . 5    Ab o r t s wi tc h e s  s h a l l  b e  r e c o g n i z ab l e  fo r  th e  p u r p o s e
i n te n d e d .

N 9 . 7  T i m e  D e l ays .

N 9 . 7 . 1    A p r e -d i s c h ar g e  a l a r m  a n d  ti m e  d e l a y suffcient to  a l l o w
p e r s o n n e l  e va c u ati o n  p r i o r  to  d i s c h ar g e  s h al l  b e  p r o vi d e d .

N 9 . 7 . 2 *    F o r  h az ar d  ar e a s  s u b j e c t to  fa s t-g r o wth  fres,  wh e r e  th e
p r o vi s i o n  o f a ti m e  d e l a y wo u l d  i n c r e a s e  th e  th r e at to  l i fe  an d

p r o p e r ty,  a ti m e  d e l a y s h al l  b e  p e r m i tte d  to  b e  e l i m i n a te d .

N 9 . 7 . 3    T i m e  d e l a ys  s h al l  b e  u s e d  o n l y fo r  p e r s o n n e l  e vac u a ti o n
o r  to  p r e p ar e  th e  h az ar d  a r e a fo r  d i s c h a r ge .

N 9 . 7 . 4    T i m e  d e l ays  s h al l  n o t b e  u s e d  as  a  m e a n s  o f confrming
o p e r ati o n  o f a  d e te c ti o n  d e vi c e  b e fo r e  a u to m a ti c  ac tu a ti o n

o c c u r s .

N 9 . 8 *  D i s c o n n e c t S wi tc h .

N 9 . 8 . 1    To  avo i d  u n wan te d  d i s c h ar g e  o f an  e l e c tr i c a l l y ac tu ate d
c l e an  ag e n t s ys te m ,  a  s u p e r vi s e d  d i s c o n n e c t s wi tc h  s h al l  b e
p r o vi d e d .

N 9 . 8 . 2    T h e  d i s c o n n e c t s wi tc h  s h al l  b e  s e c u r e d  a ga i n s t u n au ‐
th o r i z e d  u s e  b y o n e  o f th e  fo l l o wi n g  m e th o d s :

( 1 ) L o c ate  i n s i d e  a  l o c ka b l e  r e l e as i n g c o n tr o l  p an e l
( 2 ) L o c ate  i n s i d e  a  l o c ka b l e  e n c l o s u r e
( 3 ) Re q u i r e  a ke y fo r  a c ti vati o n  o f th e  s wi tc h

N 9 . 8 . 3 *    Wh e n  th e  d i s c o n n e c t s wi tc h  r e q u i r e s  a ke y fo r  a c ti va‐
ti o n ,  th e  ac c e s s  ke y s h al l  n o t b e  r e m o vab l e  wh i l e  th e  r e l e a s i n g

c i r c u i t i s  d i s c o n n e c te d .

N 9 . 8 . 4    D i s a r m i n g  th e  s u p p r e s s i o n  s ys te m  r e l e a s e  s e q u e n c e  vi a
s o ftwa r e  p r o g r am m i n g  s h a l l  n o t b e  ac c e p tab l e  fo r  u s e  i n  l i e u  o f

a p h ys i c al  d i s c o n n e c t s wi tc h .

N 9 . 8 . 5    T h e  d i s c o n n e c t s wi tc h  s h a l l  b e  l i s te d .

N 9 . 9  L o c k o u t Val ve s .    I f a  l o c ko u t va l ve  i s  i n s ta l l e d ,  th e  r e l e as ‐
i n g  p an e l  s h al l  i n d i c ate  a  s u p e r vi s o r y s i g n al  wh e n  th e  l o c ko u t
val ve  i s  n o t i n  th e  fu l l y o p e n  p o s i ti o n .

C h ap te r 1 0    Ap p ro val  o f I n s tal l ati o n s

1 0 . 1 *  S afe ty.    S a fe  p r o c e d u r e s  s h al l  b e  o b s e r ve d  d u r i n g  i n s tal ‐
l ati o n ,  s e r vi c i n g ,  m ai n te n a n c e ,  te s ti n g ,  h a n d l i n g ,  an d  r e c h a r g‐

i n g o f c l e an  ag e n t s ys te m s  a n d  ag e n t c o n tai n e r s .

1 0 . 2 *  G e n e ral .

1 0 . 2 . 1    T h e  c o m p l e te d  s ys te m  s h al l  b e  r e vi e we d  an d  te s te d  b y
p e r s o n n e l  th at h ave  kn o wl e d ge  an d  e x p e r i e n c e  o f th e  r e q u i r e ‐

m e n ts  c o n ta i n e d  i n  th i s  s ta n d ar d ,  o f th e  i n s ta l l e d  e q u i p m e n t,
an d  o f th e  m a n u fac tu r e r ’ s  d e s i g n ,  i n s ta l l a ti o n ,  a n d  m ai n te ‐

n a n c e  m a n u al .

1 0 . 2 . 2    O n l y l i s te d  e q u i p m e n t a n d  d e vi c e s  s h al l  b e  u s e d  i n  th e
s ys te m s .

1 0 . 2 . 3  S ys te m  Ac c e p tan c e  Te s ti n g.

1 0 . 2 . 3 . 1    T h e  s ys te m  s h a l l  b e  te s te d  i n  ac c o r d a n c e  wi th  th e
r e q u i r e m e n ts  o f th i s  s tan d ar d  an d  th e  m an u fac tu r e r ’ s  d e s i g n ,

i n s ta l l ati o n ,  a n d  m ai n te n a n c e  m an u al .

1 0 . 2 . 3 . 2    E q u i p m e n t s h al l  b e  i n s p e c te d  to  ve r i fy th a t i t i s  i n ‐
s tal l e d  i n  ac c o r d an c e  wi th  th e  m a n u fac tu r e r ’ s  i n s tr u c ti o n s  an d
th e  s ys te m  d e s i gn  d o c u m e n ts .

1 0 . 2 . 3 . 3    T h e  ac tu a l  h a z a r d  d i m e n s i o n s  s h a l l  b e  c h e c ke d
ag ai n s t th o s e  i n d i c a te d  o n  th e  s ys te m  d r awi n gs  to  ve r i fy th e

q u an ti ty o f a ge n t.

1 0 . 2 . 3 . 4 *    I f a  d i s c h ar g e  te s t i s  to  b e  c o n d u c te d ,  c o n tai n e r s  fo r
th e  ag e n t to  b e  u s e d  s h al l  b e  we i gh e d  b e fo r e  an d  a fte r  th e

d i s c h ar g e  te s t.

1 0 . 2 . 3 . 5    T h e  we i gh t o f ag e n t i n  th e  c o n ta i n e r s  s h a l l  b e  verifed
b y we i g h i n g  o r  o th e r  ap p r o ve d  m e th o d s .

1 0 . 2 . 3 . 6    F o r  i n e r t ga s  c l e a n  ag e n ts ,  c o n tai n e r  p r e s s u r e  s h al l  b e
r e c o r d e d  b e fo r e  an d  a fte r  th e  d i s c h ar g e  te s t.

1 0 . 2 . 3 . 7    Wh e n  ap p l i c ab l e  fo r  s ys te m  o p e r ati o n ,  fan  c o a s td o wn
an d  d am p e r  c l o s u r e  ti m e  s h a l l  b e  verifed  th at th e y ar e  i n
ac c o r d an c e  wi th  th e  s ys te m  d e s i g n  c r i te r i a.

1 0 . 2 . 4    Wh e n  r e q u i r e d  b y p r o j e c t specifcations,  i n te gr a te d  fre
p r o te c ti o n  an d  l i fe  s a fe ty s ys te m  te s ti n g s h a l l  b e  i n  a c c o r d a n c e

wi th  N F PA 4 .

1 0 . 3  Ac c e p tan c e  Te s t Re p o r t.

1 0 . 3 . 1 *    T h e  ac c e p tan c e  te s ti n g  r e q u i r e d  b y 1 0 . 2 . 3  s h al l  b e
d o c u m e n te d  i n  a te s t r e p o r t.

1 0 . 3 . 2    T h e  ac c e p tan c e  te s t r e p o r t s h al l  b e  m ai n tai n e d  b y th e
s ys te m  o wn e r  fo r  th e  l i fe  o f th e  s ys te m .

1 0 . 4  Re vi e w o f M e c h an i c al  C o m p o n e n ts .

1 0 . 4 . 1    T h e  p i p i n g d i s tr i b u ti o n  s ys te m  s h al l  b e  i n s p e c te d  to
d e te r m i n e  th at i t i s  i n  c o m p l i an c e  wi th  th e  d e s i g n  a n d  i n s tal l a‐

ti o n  d o c u m e n ts .

1 0 . 4 . 2    N o z z l e s  an d  p i p e  s i z e  s h al l  b e  i n  a c c o r d an c e  wi th
s ys te m  d r a wi n g s .

1 0 . 4 . 3    M e an s  o f p i p e  s i z e  r e d u c ti o n  an d  a tti tu d e s  o f te e s  s h a l l
b e  c h e c ke d  fo r  c o n fo r m an c e  to  th e  d e s i gn .

1 0 . 4 . 4    P i p i n g  j o i n ts ,  d i s c h ar g e  n o z z l e s ,  an d  p i p i n g s u p p o r ts
s h a l l  b e  s e c u r e l y fa s te n e d  to  p r e ve n t u n wan te d  ve r ti c al  o r

l ate r al  m o ve m e n t d u r i n g  d i s c h ar g e .

1 0 . 4 . 5    D i s c h ar g e  n o z z l e s  s h al l  b e  i n s ta l l e d  i n  s u c h  a m a n n e r
th at p i p i n g  c an n o t b e c o m e  d e ta c h e d  d u r i n g d i s c h ar g e .

1 0 . 4 . 6    D u r i n g as s e m b l y,  th e  p i p i n g  d i s tr i b u ti o n  s ys te m  s h a l l  b e
i n s p e c te d  i n te r n a l l y to  d e te c t th e  p o s s i b i l i ty o f an y o i l  o r  p ar ti c ‐
u l a te  m a tte r  s o i l i n g th e  h a z a r d  a r e a o r  affe c ti n g  th e  ag e n t

d i s tr i b u ti o n  d u e  to  a  r e d u c ti o n  i n  th e  e ffe c ti ve  n o z z l e  orifce
a r e a.

1 0 . 4 . 7    T h e  d i s c h ar g e  n o z z l e  s h a l l  b e  o r i e n te d  i n  a c c o r d a n c e
wi th  th e  n o z z l e  l i s ti n g.

1 0 . 4 . 8    I f n o z z l e  defectors  a r e  i n s ta l l e d ,  th e y s h a l l  b e  p o s i ‐
ti o n e d  p e r  th e  e q u i p m e n t l i s ti n g.

1 0 . 4 . 9    T h e  d i s c h a r ge  n o z z l e s ,  p i p i n g ,  an d  m o u n ti n g b r a c ke ts
s h a l l  b e  i n s tal l e d  i n  s u c h  a  m an n e r  th a t th e y wi l l  n o t p o te n ti al l y
c a u s e  i n j u r y to  p e r s o n n e l .

1 0 . 4 . 1 0    Ag e n t s h al l  n o t d i r e c tl y i m p i n ge  o n  ar e a s  wh e r e
p e r s o n n e l  c o u l d  b e  fo u n d  i n  th e  n o r m al  wo r k ar e a .

1 0 . 4 . 1 1    Ag e n t s h a l l  n o t d i r e c tl y i m p i n g e  o n  a n y l o o s e  o b j e c ts
o r  s h e l ve s ,  c a b i n e t to p s ,  o r  s i m i l a r  s u r fa c e s  wh e r e  l o o s e  o b j e c ts

c o u l d  b e  p r e s e n t a n d  b e c o m e  p r o j e c ti l e s .
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1 0 . 4 . 1 2    Al l  ag e n t s to r a ge  c o n ta i n e r s  s h a l l  b e  l o c ate d  i n  a c c o r d ‐
an c e  wi th  an  ap p r o ve d  s e t o f s ys te m  d r awi n gs .

1 0 . 4 . 1 3    Al l  c o n tai n e r s  an d  m o u n ti n g  b r a c ke ts  s h al l  b e
fa s te n e d  s e c u r e l y i n  ac c o r d an c e  wi th  th e  m a n u fac tu r e r ’ s
r e q u i r e m e n ts .

1 0 . 4 . 1 4    T h e  p i p e  s ys te m  s h al l  b e  p r e s s u r e -te s te d  i n  a c l o s e d
c i r c u i t u s i n g  n i tr o ge n  o r  o th e r  d r y g as .

1 0 . 4 . 1 4 . 1    T h e  p i p e  s h al l  b e  p r e s s u r i z e d  to  a t l e a s t 4 0  p s i
( 2 7 6  kP a ) .

1 0 . 4 . 1 4 . 2    Afte r  r e m o vi n g  th e  s o u r c e  o f p r e s s u r i z i n g  g as ,  th e
p r e s s u r e  i n  th e  p i p e  s h a l l  n o t b e  l e s s  th a n  8 0  p e r c e n t o f th e  te s t
p r e s s u r e  afte r  1 0  m i n u te s .

1 0 . 4 . 1 4 . 3    T h e  p r e s s u r e  te s t s h al l  b e  p e r m i tte d  to  b e  o m i tte d  i f
th e  to tal  p i p i n g  c o n tai n s  n o  m o r e  th an  o n e  c h a n ge  i n  d i r e c ti o n
ftting  b e twe e n  th e  s to r ag e  c o n tai n e r  a n d  th e  d i s c h a r ge  n o z z l e
an d  i f al l  p i p i n g h as  b e e n  p h ys i c al l y c h e c ke d  fo r  ti gh tn e s s .

1 0 . 4 . 1 5 *    A fow te s t u s i n g  n i tr o ge n  o r  a n  i n e r t ga s  s h a l l  b e
p e r fo r m e d  o n  th e  p i p i n g  n e two r k to  ve r i fy th at fow i s  c o n ti n u ‐
o u s .

1 0 . 5  Re vi e w o f E n c l o s ure  I n te gri ty.

1 0 . 5 . 1    I t s h al l  b e  d e te r m i n e d  th at th e  p r o te c te d  e n c l o s u r e  i s
i n  ge n e r a l  c o n fo r m an c e  wi th  th e  c o n s tr u c ti o n  d o c u m e n ts .

1 0 . 5 . 2    Al l  to tal  fooding  s ys te m s  s h al l  h a ve  th e  e n c l o s u r e
e x a m i n e d  a n d  te s te d  to  l o c a te  a n d  th e n  e ffe c ti ve l y s e al  an y
signifcant ai r  l e aks  th at c o u l d  r e s u l t i n  a fai l u r e  o f th e  e n c l o ‐
s u r e  to  h o l d  th e  specifed  ag e n t c o n c e n tr ati o n  l e ve l  fo r  th e
specifed  h o l d i n g  p e r i o d .

1 0 . 5 . 3 *    Qu an ti tati ve  r e s u l ts  s h al l  b e  o b tai n e d  an d  r e c o r d e d  to
i n d i c ate  th at th e  specifed  a ge n t c o n c e n tr a ti o n  fo r  th e  s p e c i ‐
fed  d u r ati o n  o f p r o te c ti o n  i s  i n  c o m p l i an c e  wi th  S e c ti o n  7 . 4 ,
u s i n g  an  a p p r o ve d  b l o we r  fa n  u n i t o r  o th e r  m e an s  a s  ap p r o ve d
b y th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .  (For guidance,  see Annex D. )

1 0 . 6  Re vi e w o f E l e c tri c al  C o m p o n e n ts .

1 0 . 6 . 1    Al l  wi r i n g  s ys te m s  s h al l  b e  i n s tal l e d  i n  c o m p l i a n c e  wi th
l o c al  c o d e s  an d  th e  s ys te m  d r awi n gs .

1 0 . 6 . 2    Al te r n ati n g  c u r r e n t ( ac )  an d  d i r e c t c u r r e n t ( d c )  wi r i n g
s h a l l  n o t b e  c o m b i n e d  i n  a  c o m m o n  c o n d u i t o r  r ac e way u n l e s s
s h i e l d e d  an d  g r o u n d e d .

1 0 . 6 . 3    Al l  feld  c i r c u i ts  s h a l l  b e  fr e e  o f g r o u n d  fa u l ts  a n d  s h o r t
c i r c u i ts .

1 0 . 6 . 3 . 1    Wh e r e  feld  c i r c u i tr y i s  b e i n g  m e as u r e d ,  a l l  e l e c tr o n i c
c o m p o n e n ts ,  s u c h  as  s m o ke  an d  fame  d e te c to r s  o r  s p e c i a l  e l e c ‐
tr o n i c  e q u i p m e n t fo r  o th e r  d e te c to r s  o r  th e i r  m o u n ti n g  b as e s ,
s h a l l  b e  r e m o ve d  a n d  j u m p e r s  s h a l l  b e  i n s ta l l e d  to  p r e ve n t th e
p o s s i b i l i ty o f d a m ag e  wi th i n  th e s e  d e vi c e s .

1 0 . 6 . 3 . 2    C o m p o n e n ts  r e m o ve d  i n  ac c o r d a n c e  wi th  1 0 . 6 . 3 . 1
s h a l l  b e  r e p l ac e d  a fte r  m e a s u r i n g .

1 0 . 6 . 4    P o we r  s h a l l  b e  s u p p l i e d  to  th e  c o n tr o l  u n i t fr o m  a s e p a‐
r ate  d e d i c a te d  s o u r c e  th a t wi l l  n o t b e  s h u t d o wn  u p o n  s ys te m
o p e r ati o n .

1 0 . 6 . 5    Ad e q u a te  a n d  r e l i ab l e  p r i m ar y an d  2 4 -h o u r  m i n i m u m
s tan d b y s o u r c e s  o f e n e r g y s h a l l  b e  u s e d  to  p r o vi d e  fo r  o p e r a‐
ti o n  o f th e  d e te c ti o n ,  s i gn a l i n g ,  c o n tr o l ,  a n d  a c tu a ti o n  r e q u i r e ‐
m e n ts  o f th e  s ys te m .

1 0 . 6 . 6 *    Al l  a u x i l i ar y fu n c ti o n s  s u c h  a s  al ar m -s o u n d i n g o r
d i s p l ayi n g  d e vi c e s ,  r e m o te  an n u n c i ato r s ,  a i r-h an d l i n g s h u t‐

d o wn ,  a n d  p o we r  s h u td o wn  s h al l  b e  c h e c ke d  fo r  o p e r a ti o n  i n
ac c o r d an c e  wi th  s ys te m  r e q u i r e m e n ts  an d  d e s i g n  specifcations.

1 0 . 6 . 7    S i l e n c i n g  o f a l a r m s ,  i f p e r m i tte d ,  s h a l l  n o t affe c t o th e r
au x i l i a r y fu n c ti o n s .

1 0 . 6 . 8    T h e  d e te c ti o n  d e vi c e s  s h al l  b e  c h e c ke d  fo r  typ e  an d
l o c ati o n  as  specifed  o n  th e  s ys te m  d r awi n g s .

1 0 . 6 . 9 *    D e te c to r s  s h al l  n o t b e  l o c a te d  n e ar  o b s tr u c ti o n s  o r  ai r
ve n ti l ati o n  an d  c o o l i n g  e q u i p m e n t th at wo u l d  affe c t th e i r
r e s p o n s e  c h ar a c te r i s ti c s .

1 0 . 6 . 1 0 *    T h e  d e s i g n  o f th e  d e te c ti o n  s ys te m  m u s t take  i n to
c o n s i d e r ati o n  th e  vo l u m e  o f a i r  c h an g e s  wi th i n  th e  p r o te c te d

a r e a.

1 0 . 6 . 1 1    T h e  d e te c to r s  s h a l l  b e  i n s tal l e d  i n  ac c o r d a n c e  wi th  th e
m a n u fac tu r e r ’ s  te c h n i c a l  d ata a n d  th e  r e q u i r e m e n ts  o f

NFPA 72.

1 0 . 6 . 1 2  M an u al  P u l l  S tati o n s .

1 0 . 6 . 1 2 . 1    M an u a l  p u l l  s tati o n s  s h a l l  b e  s e c u r e l y m o u n te d .

1 0 . 6 . 1 2 . 2    T h e  o p e r a b l e  p a r t o f a m an u al  p u l l  s ta ti o n  s h a l l  b e
n o t l e s s  th an  4 2  i n .  ( 1 . 0 7  m )  a n d  n o t m o r e  th a n  4 8  i n .  ( 1 . 2 2  m )
fr o m  th e  fnished  foor.

1 0 . 6 . 1 2 . 3    M an u al  p u l l  s ta ti o n s  s h al l  b e  i n s tal l e d  s o  th a t th e y
ar e  c o n s p i c u o u s ,  u n o b s tr u c te d ,  an d  ac c e s s i b l e .

1 0 . 6 . 1 2 . 4 *    Al l  m an u al  p u l l  s tati o n s  s h a l l  b e  identifed  a s  to  th e
h az ar d  th e y p r o te c t,  th e  fu n c ti o n  th e y p e r fo r m ,  an d  th e i r

m e th o d  o f o p e r a ti o n .

1 0 . 6 . 1 2 . 5    Al l  m a n u a l  s tati o n s  u s e d  to  r e l e as e  a ge n ts  s h a l l
r e q u i r e  two  s e p a r ate  an d  d i s ti n c t ac ti o n s  fo r  o p e r ati o n .

1 0 . 6 . 1 3  S ys te m s  wi th  M ai n / Re s e r ve  C ap ab i l i ty.    F o r  s ys te m s
wi th  a  m ai n / r e s e r ve  c a p ab i l i ty,  th e  m ai n / r e s e r ve  s wi tc h  s h a l l

b e  i n s tal l e d  i n  ac c o r d an c e  wi th  th e  s ys te m  m a n u fac tu r e r ’ s
d e s i g n ,  i n s tal l a ti o n ,  an d  m a i n te n an c e  m an u a l  an d  th e  s ys te m

d r awi n gs .

1 0 . 6 . 1 3 . 1    F o r  s ys te m s  wi th  a m ai n / r e s e r ve  c a p a b i l i ty,  th e
m a i n / r e s e r ve  s wi tc h  s h al l  b e  i n s tal l e d  i n  a c c o r d an c e  wi th  th e

s ys te m  m a n u fac tu r e r ’ s  d e s i gn ,  i n s ta l l ati o n ,  an d  m ai n te n a n c e
m a n u a l  an d  th e  s ys te m  d r awi n gs .

1 0 . 6 . 1 3 . 2    I f i n s ta l l e d ,  th e  m a i n / r e s e r ve  s wi tc h  s h a l l  b e  i d e n ti ‐
fed.

1 0 . 6 . 1 4  S ys te m s  U s i n g Ab o r t S wi tc h e s .

1 0 . 6 . 1 4 . 1    Ab o r t s wi tc h e s  s h a l l  b e  o f th e  d e ad m a n  typ e  r e q u i r ‐
i n g  c o n s ta n t m an u al  p r e s s u r e .

1 0 . 6 . 1 4 . 2    S wi tc h e s  th a t r e m ai n  i n  th e  ab o r t p o s i ti o n  wh e n
r e l e as e d  s h a l l  n o t b e  u s e d  fo r  th i s  p u r p o s e .

1 0 . 6 . 1 4 . 3    Ab o r t s wi tc h e s  s h a l l  b e  i n s ta l l e d  s o  th at th e y a r e
r e ad i l y ac c e s s i b l e  wi th i n  th e  h a z a r d .

1 0 . 6 . 1 4 . 4    Ab o r t s wi tc h e s  s h a l l  b e  s e c u r e l y m o u n te d .

1 0 . 6 . 1 4 . 5    Ab o r t s ta ti o n s  s h al l  b e  i n s tal l e d  s o  th e y ar e  c o n s p i c u ‐
o u s ,  u n o b s tr u c te d ,  a n d  ac c e s s i b l e .
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2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 0 . 6 . 1 4 . 6    T h e  o p e r a b l e  p ar t o f a n  ab o r t s wi tc h  s h al l  b e  n o t
l e s s  th an  4 2  i n .  ( 1 . 0 7  m )  an d  n o t m o r e  th an  4 8  i n .  ( 1 . 2 2  m )
fr o m  th e  fnished  foor.

1 0 . 6 . 1 4 . 7    M an u al  p u l l  s tati o n s  s h al l  al ways  o ve r r i d e  ab o r t
s wi tc h e s .

1 0 . 6 . 1 5    T h e  r e l e a s i n g  c o n tr o l  u n i t s h a l l  b e  i n s tal l e d  i n  a c c o r d ‐
an c e  wi th  th e  s ys te m  d o c u m e n ta ti o n  a n d  r e ad i l y ac c e s s i b l e .

1 0 . 7  Fun c ti o n al  Te s ti n g.

1 0 . 7 . 1  P re l i m i n ar y Fu n c ti o n al  Te s ts .

1 0 . 7 . 1 . 1    I f th e  s ys te m  i s  c o n n e c te d  to  an  al a r m  r e c e i vi n g
offce,  th e  a l a r m  r e c e i vi n g offce  s h al l  b e  notifed  th at th e  fre
s ys te m  te s t i s  to  b e  c o n d u c te d  an d  th at an  e m e r ge n c y r e s p o n s e
b y th e  fre  d e p a r tm e n t o r  a l ar m  s tati o n  p e r s o n n e l  i s  n o t
d e s i r e d .

1 0 . 7 . 1 . 2    Al l  p e r s o n n e l  i n  ar e as  th at c o u l d  b e  affe c te d  b y th e
te s ti n g  at th e  e n d  u s e r ’ s  fa c i l i ty s h al l  b e  notifed  th a t a te s t i s  to
b e  c o n d u c te d .

1 0 . 7 . 1 . 3 *    Al l  p e r s o n n e l  i n  ar e a s  th at c o u l d  b e  a ffe c te d  b y th e
te s ti n g at th e  e n d  u s e r ’ s  fac i l i ty s h a l l  b e  i n s tr u c te d  a s  to  e ve n ts
th a t c o u l d  o c c u r  d u r i n g  te s ti n g o f th e  fre  e x ti n g u i s h i n g
s ys te m .

1 0 . 7 . 1 . 4 *    E ac h  a ge n t s to r ag e  c o n ta i n e r  r e l e a s e  m e c h a n i s m
s h a l l  b e  d i s a b l e d  o r  r e p l a c e d  wi th  a fu n c ti o n al  d e vi c e  s o  th at
ac ti va ti o n  o f th e  r e l e a s e  c i r c u i t wi l l  n o t r e l e a s e  a ge n t.

1 0 . 7 . 1 . 5    E a c h  d e te c to r  s h a l l  b e  te s te d  fo r  o p e r a ti o n .

1 0 . 7 . 1 . 6    Al l  p o l ar i z e d  al a r m  d e vi c e s  a n d  a u x i l i ar y r e l ays  s h a l l
b e  c h e c ke d  fo r  p o l ar i ty i n  a c c o r d a n c e  wi th  th e  m a n u fac tu r e r ’ s
i n s tr u c ti o n s .

1 0 . 7 . 1 . 7    I n i ti ati n g  a n d  notifcation  c i r c u i ts  s h al l  b e  c h e c ke d
fo r  e n d -o f-l i n e  d e vi c e s ,  i f r e q u i r e d .

1 0 . 7 . 1 . 8    Al l  s u p e r vi s e d  c i r c u i ts  s h al l  b e  te s te d  fo r  tr o u b l e
r e s p o n s e .

1 0 . 7 . 2  S ys te m  Fun c ti o n al  O p e rati o n al  Te s t.

1 0 . 7 . 2 . 1    E a c h  d e te c ti o n  i n i ti ati n g  c i r c u i t s h a l l  b e  o p e r a te d  to
ve r i fy th a t a l l  a l a r m  fu n c ti o n s  o c c u r  a c c o r d i n g  to  d e s i g n  specif‐
cations.

1 0 . 7 . 2 . 2    E a c h  m an u a l  r e l e as e  s h a l l  b e  o p e r ate d  to  ve r i fy th at
m a n u a l  r e l e a s e  fu n c ti o n s  o c c u r  a c c o r d i n g  to  d e s i g n  specifca‐
tions.

1 0 . 7 . 2 . 3    E a c h  ab o r t s wi tc h  c i r c u i t s h al l  b e  o p e r a te d  to  ve r i fy
th at ab o r t fu n c ti o n s  o c c u r  ac c o r d i n g  to  d e s i gn  specifcations
an d  th a t vi s u al  an d  au d i b l e  s u p e r vi s o r y s i g n al s  ar e  a n n u n c i a te d
at th e  c o n tr o l  p a n e l .

1 0 . 7 . 2 . 4    Al l  a u to m a ti c  val ve s  s h a l l  b e  te s te d  to  ve r i fy o p e r a ti o n
u n l e s s  te s ti n g th e  va l ve  wi l l  r e l e as e  a ge n t o r  d am ag e  th e  va l ve
( d e s tr u c ti ve  te s ti n g ) .

1 0 . 7 . 2 . 5    P n e u m a ti c  e q u i p m e n t,  wh e r e  i n s tal l e d ,  s h a l l  b e
te s te d  fo r  i n te gr i ty to  e n s u r e  o p e r a ti o n .

1 0 . 7 . 3  Re m o te  M o n i to ri n g O p e rati o n s .

1 0 . 7 . 3 . 1    E a c h  typ e  o f i n i ti a ti n g d e vi c e  s h al l  b e  o p e r a te d  wh i l e
o n  s ta n d b y p o we r  to  ve r i fy th a t a n  a l a r m  s i g n al  i s  r e c e i ve d  a t
th e  r e m o te  p a n e l  afte r  th e  d e vi c e  i s  o p e r ate d .

1 0 . 7 . 3 . 2    A fau l t c o n d i ti o n  s h al l  b e  ap p l i e d  to  e ac h  i n i ti ati n g  o r
notifcation  c i r c u i t to  ve r i fy r e c e i p t o f a tr o u b l e  c o n d i ti o n  at
th e  r e m o te  s ta ti o n .

1 0 . 7 . 3 . 3    E a c h  s u p e r vi s e d  d e vi c e  s h al l  b e  o p e r a te d  to  ve r i fy
r e c e i p t o f a s u p e r vi s o r y c o n d i ti o n  at th e  r e m o te  s ta ti o n .

1 0 . 7 . 4  C o n tro l  P an e l  P ri m ar y P o we r S o urc e .    A p r i m a r y p o we r
fai l u r e  s h al l  b e  i n i ti ate d  i n  ac c o r d an c e  wi th  th e  m a n u fac tu r e r ’ s
specifcation  to  ve r i fy th at th e  s ys te m  o p e r a te s  o n  s ta n d b y
p o we r.

1 0 . 7 . 5  Re tu r n  o f S ys te m  to  O p e rati o n al  C o n d i ti o n .

1 0 . 7 . 5 . 1    Wh e n  fu n c ti o n a l  te s ti n g i s  c o m p l e te d ,  th e  s ys te m
s h a l l  b e  r e tu r n e d  to  i ts  fu l l y o p e r a ti o n al  c o n d i ti o n .

1 0 . 7 . 5 . 2    T h e  a l a r m - r e c e i vi n g offce  a n d  al l  c o n c e r n e d  p e r s o n ‐
n e l  at th e  e n d  u s e r ’ s  fa c i l i ty s h al l  b e  notifed  th a t th e  fre  s ys te m
te s t i s  c o m p l e te  a n d  th a t th e  s ys te m  h a s  b e e n  r e tu r n e d  to  fu l l

s e r vi c e  c o n d i ti o n .

1 0 . 8  O wn e r’ s  D o c u m e n tati o n .

1 0 . 8 . 1    P a p e r  o r  e l e c tr o n i c  c o p i e s  o f a l l  te s t r e p o r ts  an d  r e l a te d
d o c u m e n ta ti o n  s h al l  b e  p r o vi d e d  to  th e  s ys te m  o wn e r.

1 0 . 8 . 2    T h e  s ys te m  o wn e r  s h al l  m a i n tai n  th e s e  r e p o r ts  fo r  th e
l i fe  o f th e  s ys te m .

1 0 . 9  Trai n i n g.

1 0 . 9 . 1    Al l  p e r s o n s  wh o  c o u l d  b e  e x p e c te d  to  o p e r a te  fre
e x ti n g u i s h i n g s ys te m s  s h a l l  b e  tr a i n e d  an d  ke p t tr ai n e d  i n  th e

fu n c ti o n s  th e y ar e  e x p e c te d  to  p e r fo r m .

1 0 . 9 . 2 *    P e r s o n n e l  wo r ki n g  i n  a n  e n c l o s u r e  p r o te c te d  b y a
c l e an  ag e n t s h a l l  r e c e i ve  tr a i n i n g r e g ar d i n g a ge n t s a fe ty i s s u e s .

C h ap te r 1 1    I n s p e c ti o n ,  S e r vi c i n g,  Te s ti n g,  M ai n te n an c e ,  an d
Trai n i n g

1 1 . 1  G e n e ral .    T h e  r e s p o n s i b i l i ty fo r  i n s p e c ti o n ,  te s ti n g,  m a i n ‐
te n a n c e ,  an d  r e c h ar g i n g  o f th e  fre  p r o te c ti o n  s ys te m  s h al l  u l ti ‐
m a te l y b e  th a t o f th e  o wn e r ( s )  o f th e  s ys te m ,  p r o vi d e d  th at th i s

r e s p o n s i b i l i ty h as  n o t b e e n  tr a n s fe r r e d  i n  wr i tte n  fo r m  to  a
m a n ag e m e n t c o m p an y,  te n an t,  o r  o th e r  p a r ty.

1 1 . 1 . 1  S afe ty.    S a fe  p r o c e d u r e s  s h al l  b e  o b s e r ve d  d u r i n g
i n s p e c ti o n ,  s e r vi c i n g ,  m ai n te n a n c e ,  te s ti n g,  h an d l i n g,  an d
r e c h a r gi n g o f c l e an  ag e n t s ys te m s  a n d  ag e n t c o n tai n e r s .  (See
A.10.1.)

1 1 . 1 . 2  Fi re  P ro te c ti o n  S e r vi c e  Te c h n i c i an .    P e r s o n n e l  th at
i n s p e c t,  s e r vi c e ,  te s t,  an d  m a i n tai n  c l e a n  a ge n t fre  e x ti n g u i s h ‐

i n g  s ys te m s  s h al l  h ave  kn o wl e d ge  an d  e x p e r i e n c e  o f th e  m ai n ‐
te n a n c e  an d  s e r vi c i n g r e q u i r e m e n ts  c o n tai n e d  i n  th i s  s ta n d ar d ,

o f th e  e q u i p m e n t b e i n g s e r vi c e d  o r  m ai n ta i n e d ,  an d  o f th e
s e r vi c i n g  o r  m ai n te n a n c e  m e th o d s  a n d  r e q u i r e m e n ts
c o n tai n e d  i n  th e  m a n u fac tu r e r ’ s  d e s i g n ,  i n s ta l l ati o n ,  an d  m ai n ‐

te n an c e  m an u al  a n d  an y ap p l i c a b l e  b u l l e ti n s .

1 1 . 2 *  M o n th l y I n s p e c ti o n .

1 1 . 2 . 1    At l e a s t m o n th l y,  a vi s u al  i n s p e c ti o n  s h al l  b e  c o n d u c te d
i n  a c c o r d a n c e  wi th  th e  m a n u fac tu r e r ’ s  l i s te d  m ai n te n a n c e

m a n u a l  o r  o wn e r ’ s  m an u a l .

1 1 . 2 . 2    At a m i n i m u m ,  th e  i n s p e c ti o n  s h al l  i n c l u d e  verifcation
o f th e  fo l l o wi n g,  as  ap p l i c ab l e :
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( 1 ) Re l e as i n g  p a n e l  i s  p o we r e d  a n d  i s  fr e e  o f s u p e r vi s o r y,
tr o u b l e ,  o r  al a r m  c o n d i ti o n s .

( 2 ) M an u al  c o n tr o l s  a r e  u n o b s tr u c te d .
( 3 ) S ys te m  s h o ws  n o  p h ys i c al  d am ag e  o r  c o n d i ti o n  th at c o u l d

p r e ve n t o p e r ati o n .
( 4 ) P r e s s u r e  ga u g e s  a r e  i n  th e  o p e r a b l e  r an g e .
( 5 ) P r o te c te d  e q u i p m e n t a n d / o r  h az ar d  h a s  n o t b e e n

c h a n ge d  o r  modifed.
( 6 ) An y p r e vi o u s l y n o te d  defciencies  h ave  b e e n  c o r r e c te d .

1 1 . 2 . 3    I f an y defciencies  ar e  fo u n d ,  a p p r o p r i ate  c o r r e c ti ve
ac ti o n  s h a l l  b e  ta ke n  i m m e d i ate l y.

1 1 . 2 . 4    Wh e r e  th e  c o r r e c ti ve  ac ti o n  i n vo l ve s  m ai n te n a n c e  o r
r e p ai r,  i t s h al l  b e  c o n d u c te d  b y a fre  p r o te c ti o n  s e r vi c e  te c h n i ‐
c i an ,  i n  ac c o r d an c e  wi th  1 1 . 1 . 2 .

1 1 . 2 . 5    Wh e n  i n s p e c ti o n s  a r e  c o n d u c te d ,  a  r e c o r d  ve r i fyi n g
th at th e  i n s p e c ti o n  was  c o m p l e te d  s h al l  b e  m ai n ta i n e d  b y th e
o wn e r.

1 1 . 2 . 5 . 1    T h e  r e c o r d  s h a l l  i n c l u d e  th e  d ate  th e  i n s p e c ti o n  wa s
p e r fo r m e d  an d  th e  i n i ti a l s  o f th e  p e r s o n  p e r fo r m i n g th e
i n s p e c ti o n .

1 1 . 2 . 5 . 2    T h e  r e c o r d  s h al l  i n c l u d e  an y defciencies  th at we r e
fo u n d .

1 1 . 2 . 5 . 3    T h e  r e c o r d s  s h a l l  b e  r e tai n e d  u n ti l  th e  n e x t s e m i an ‐
n u al  s e r vi c e  a n d  i n s p e c ti o n .

Δ 1 1 . 3 *  S e m i an n u al  S e r vi c e  an d  I n s p e c ti o n .    At l e a s t s e m i an n u ‐
al l y,  th e  ag e n t q u an ti ty a n d  p r e s s u r e  o f c o n tai n e r s  s h al l  b e
c h e c ke d .

1 1 . 3 . 1    F o r  h a l o c ar b o n  c l e a n  a ge n ts  wi th  a m e an s  o f p r e s s u r e
i n d i c a ti o n ,  i f a c o n tai n e r  s h o ws  a  l o s s  i n  a ge n t q u a n ti ty o f m o r e
th a n  5  p e r c e n t o r  a  l o s s  i n  p r e s s u r e  ( a d j u s te d  fo r  te m p e r atu r e )
o f m o r e  th an  1 0  p e r c e n t,  i t s h al l  b e  reflled  o r  r e p l ac e d .

1 1 . 3 . 2    F o r  h al o c ar b o n  ag e n t c o n tai n e r s  wi th o u t a m e an s  o f
p r e s s u r e  i n d i c a ti o n ,  i f a c o n tai n e r  s h o ws  a l o s s  i n  ag e n t q u an ‐
ti ty o f m o r e  th an  5  p e r c e n t,  i t s h a l l  b e  reflled  o r  r e p l a c e d .

1 1 . 3 . 3 *    H al o c a r b o n  c l e an  ag e n t r e m o ve d  fr o m  c o n tai n e r s
d u r i n g s e r vi c e  o r  m ai n te n an c e  p r o c e d u r e s  s h al l  b e  r e c o ve r e d
an d  r e c yc l e d  o r  d i s p o s e d  o f i n  a c c o r d an c e  wi th  a n y a p p l i c ab l e
l aws  a n d  r e gu l a ti o n s .

1 1 . 3 . 4 *    F o r  i n e r t g as  c l e an  ag e n ts ,  i f a c o n tai n e r  s h o ws  a l o s s
i n  p r e s s u r e  ( ad j u s te d  fo r  te m p e r atu r e )  o f m o r e  th an  5  p e r c e n t,
i t s h al l  b e  reflled  o r  r e p l ac e d .

1 1 . 3 . 5    Wh e r e  c o n ta i n e r  p r e s s u r e  ga u g e s  ar e  u s e d  to  c o m p l y
wi th  1 1 . 3 . 4 ,  th e y s h al l  b e  c o m p ar e d  to  a  s e p a r ate  c al i b r ate d
d e vi c e  at l e as t a n n u a l l y.

1 1 . 3 . 6    Wh e r e  th e  q u a n ti ty o f a ge n t i n  th e  c o n ta i n e r  i s  d e te r ‐
m i n e d  b y s p e c i al  m e a s u r i n g  d e vi c e s ,  th e s e  d e vi c e s  s h a l l  b e
l i s te d .

1 1 . 3 . 7    T h e  fo l l o wi n g  i n fo r m a ti o n  s h a l l  b e  r e c o r d e d  o n  a tag
atta c h e d  to  th e  c o n ta i n e r :

( 1 ) D ate  o f i n s p e c ti o n
( 2 ) P e r s o n  p e r fo r m i n g th e  i n s p e c ti o n
( 3 ) Typ e  o f ag e n t
( 4 ) Gr o s s  we i gh t o f th e  c o n ta i n e r  a n d  n e t we i g h t o f ag e n t

(halocarbon clean agents only)
( 5 ) C o n ta i n e r  p r e s s u r e  an d  te m p e r a tu r e  (halocarbon clean

agents with a gauge and inert gas clean agents)

1 1 . 4  An n u al  I n s p e c ti o n  an d  S e r vi c e .    At l e a s t an n u a l l y,  a l l
s ys te m s  s h al l  b e  i n s p e c te d ,  s e r vi c e d ,  a n d  te s te d  fo r  o p e r a ti o n  b y
qualifed  p e r s o n n e l ,  i n  a c c o r d an c e  wi th  1 1 . 1 . 2 .

1 1 . 4 . 1    D i s c h ar g e  te s ts  s h al l  n o t b e  r e q u i r e d .

1 1 . 4 . 2 *    A s e r vi c e  r e p o r t wi th  r e c o m m e n d ati o n s  s h a l l  b e  fled
wi th  th e  o wn e r  o f th e  s ys te m .

1 1 . 4 . 3    T h e  s e r vi c e  r e p o r t s h al l  b e  p e r m i tte d  to  b e  s to r e d  an d
ac c e s s e d  u s i n g  p ap e r  o r  e l e c tr o n i c  m e d i a .

1 1 . 4 . 4  S ys te m  H o s e s .

1 1 . 4 . 4 . 1    Al l  s ys te m  h o s e s  s h al l  b e  e x am i n e d  an n u a l l y fo r
d am a ge .

1 1 . 4 . 4 . 2    I f vi s u al  e x a m i n ati o n  s h o ws  an y defciency,  th e  h o s e
s h a l l  b e  i m m e d i ate l y r e p l a c e d  o r  te s te d  as  specifed  i n

S e c ti o n  1 1 . 7 .

1 1 . 4 . 5  E n c l o s u re  I n s p e c ti o n .

1 1 . 4 . 5 . 1    T h e  p r o te c te d  e n c l o s u r e  s h a l l  b e  i n s p e c te d  an n u al l y
o r  m o n i to r e d  b y a  d o c u m e n te d  ad m i n i s tr a ti ve  p r o g r am  fo r
c h a n ge s  i n  b ar r i e r  i n te g r i ty o r  e n c l o s u r e  d i m e n s i o n s .

1 1 . 4 . 5 . 2 *    Wh e r e  c h a n ge s  c o u l d  r e s u l t i n  th e  i n a b i l i ty o f th e
e n c l o s u r e  to  m ai n ta i n  th e  c l e an  a ge n t c o n c e n tr ati o n ,  th e

c o n d i ti o n s  s h a l l  b e  c o r r e c te d .

1 1 . 5 *  M ai n te n an c e .

1 1 . 5 . 1    T h e s e  s ys te m s  s h al l  b e  m a i n tai n e d  i n  fu l l  o p e r a ti n g
c o n d i ti o n  at a l l  ti m e s .

1 1 . 5 . 2    Ac tu a ti o n  o f th e  c l e a n  ag e n t s ys te m  s h a l l  b e  r e p o r te d
i m m e d i a te l y to  th e  au th o r i ty h a vi n g j u r i s d i c ti o n .

1 1 . 5 . 3    I m p ai r m e n ts  s h a l l  b e  ad d r e s s e d  i n  ac c o r d a n c e  wi th
C h ap te r  1 2 .

1 1 . 5 . 4  E n c l o s u re  M ai n te n an c e .

1 1 . 5 . 4 . 1 *    An y p e n e tr a ti o n s  m ad e  th r o u gh  th e  e n c l o s u r e
p r o te c te d  b y th e  c l e an  ag e n t s h a l l  b e  s e al e d  i m m e d i a te l y.

1 1 . 5 . 4 . 2    T h e  m e th o d  o f s e al i n g  s h al l  r e s to r e  th e  o r i gi n al  fre
r e s i s ta n c e  r a ti n g o f th e  e n c l o s u r e .

1 1 . 6 *  C o n tai n e r Te s t.

1 1 . 6 . 1 *    U . S .  D e p ar tm e n t o f Tr a n s p o r ta ti o n  ( D O T ) ,  C a n ad i an
Tr a n s p o r t C o m m i s s i o n  ( C T C ) ,  o r  s i m i l ar  d e s i g n  c l e a n  ag e n t

c o n tai n e r s  s h al l  n o t b e  r e c h ar g e d  wi th o u t r e te s ti n g  i f th e
requalifcation  p e r i o d  specifed  b y th e  r e g u l a ti n g a u th o r i ty fo r

th e  c o n tai n e r  h a s  e l ap s e d  s i n c e  th e  d a te  o f th e  l as t te s t an d
i n s p e c ti o n .

1 1 . 6 . 1 . 1    F o r  h a l o c ar b o n  ag e n t s to r a ge  c o n tai n e r s ,  th e  r e te s t
s h a l l  b e  p e r m i tte d  to  c o n s i s t o f a  c o m p l e te  vi s u a l  i n s p e c ti o n  a s
d e s c r i b e d  i n  4 9  C F R.

•
N 1 1 . 6 . 1 . 2    A c yl i n d e r  s h a l l  b e  p e r m i tte d  to  b e  requalifed  at an y

ti m e  d u r i n g o r  b e fo r e  th e  m o n th  an d  ye a r  th at th e  requalifca‐
tion  i s  d u e .

N 1 1 . 6 . 1 . 3    A c yl i n d e r  flled  b e fo r e  th e  requalifcation  b e c o m e s
d u e  s h al l  b e  b o th  o f th e  fo l l o wi n g:

( 1 ) P e r m i tte d  to  r e m ai n  i n  s e r vi c e
( 2 ) P e r i o d i c al l y i n s p e c te d  i n  ac c o r d an c e  wi th  1 1 . 6 . 2
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N 1 1 . 6 . 1 . 4    A c yl i n d e r  wi th  a  specifed  s e r vi c e  l i fe  s h al l  n o t b e
reflled  an d  o ffe r e d  fo r  tr an s p o r tati o n  afte r  i ts  au th o r i z e d  s e r v‐

i c e  l i fe  h as  e x p i r e d .

1 1 . 6 . 2 *    C o n tai n e r s  c o n ti n u o u s l y i n  s e r vi c e  wi th o u t n e e d  fo r
refll  o r  r e p ai r  s h al l  b e  g i ve n  a c o m p l e te  e x te r n al  vi s u al  i n s p e c ‐

ti o n  e ve r y 5  ye ar s ,  o r  m o r e  fr e q u e n tl y i f r e q u i r e d .

1 1 . 6 . 2 . 1    T h e  vi s u a l  i n s p e c ti o n  s h al l  b e  i n  ac c o r d a n c e  wi th
S e c ti o n  3  o f C GA C - 6 ,  Standard for Visual Inspection of Steel
Compressed Gas Cylinders,  e x c e p t th at th e  c o n tai n e r s  n e e d  n o t b e

s tam p e d  wh i l e  u n d e r  p r e s s u r e .

1 1 . 6 . 2 . 2    T h e  r e s u l ts  o f th e  i n s p e c ti o n  s h al l  b e  r e c o r d e d  o n
b o th  o f th e  fo l l o wi n g:

( 1 ) A r e c o r d  ta g p e r m a n e n tl y a ttac h e d  to  e a c h  c o n tai n e r
( 2 ) A s u i ta b l e  i n s p e c ti o n  r e p o r t

1 1 . 6 . 2 . 3    A c o m p l e te d  c o p y o f th e  c o n ta i n e r  i n s p e c ti o n  r e p o r t
s h a l l  b e  fu r n i s h e d  to  th e  o wn e r  o f th e  s ys te m  o r  a n  au th o r i z e d
r e p r e s e n ta ti ve .

1 1 . 6 . 2 . 4    T h e s e  r e c o r d s  s h a l l  b e  r e ta i n e d  b y th e  o wn e r  fo r  th e
l i fe  o f th e  s ys te m .

1 1 . 6 . 2 . 5    Wh e r e  e x te r n a l  vi s u al  i n s p e c ti o n  i n d i c a te s  th a t th e
c o n tai n e r  h as  b e e n  d a m a ge d ,  ad d i ti o n al  s tr e n g th  te s ts  s h a l l  b e

r e q u i r e d  i n  ac c o r d an c e  wi th  ap p l i c ab l e  tr an s p o r tati o n  r e gu l a‐
ti o n s .

1 1 . 7  H o s e  Te s t.

1 1 . 7 . 1    Al l  h o s e s  s h a l l  b e  te s te d  o r  r e p l a c e d  e ve r y 5  ye a r s .

1 1 . 7 . 2    A te s t p r e s s u r e  e q u al  to  1 1 ∕2  ti m e s  th e  m a x i m u m
c o n tai n e r  p r e s s u r e  at 1 3 0 ° F  ( 5 4 . 4 ° C )  s h a l l  b e  a p p l i e d  wi th i n
1  m i n u te  an d  m a i n tai n e d  fo r  1  m i n u te .

1 1 . 7 . 3    T h e  te s ti n g p r o c e d u r e  s h a l l  b e  as  fo l l o ws :

( 1 ) T h e  h o s e  i s  r e m o ve d  fr o m  an y attac h m e n t.
( 2 ) T h e  h o s e  as s e m b l y i s  th e n  p l a c e d  i n  a p r o te c ti ve  e n c l o ‐

s u r e  d e s i g n e d  to  p e r m i t vi s u a l  o b s e r va ti o n  o f th e  te s t.
( 3 ) T h e  h o s e  m u s t b e  c o m p l e te l y flled  wi th  wate r  b e fo r e  te s t‐

i n g .
( 4 ) P r e s s u r e  th e n  i s  ap p l i e d  at a  r a te -o f-p r e s s u r e  r i s e  to  r e a c h

th e  te s t p r e s s u r e  wi th i n  1  m i n u te .  T h e  te s t p r e s s u r e  i s
th e n  m ai n ta i n e d  fo r  1  fu l l  m i n u te .  O b s e r va ti o n s  ar e  th e n

m a d e  to  n o te  a n y d i s to r ti o n  o r  l e akag e .
( 5 ) Afte r  o b s e r vi n g th e  h o s e  fo r  l e akag e ,  m o ve m e n t o f

c o u p l i n gs ,  an d  d i s to r ti o n ,  th e  p r e s s u r e  i s  r e l e as e d .

1 1 . 7 . 4    T h e  h o s e  as s e m b l y s h al l  b e  c o n s i d e r e d  to  p as s  i f a l l  o f
th e  fo l l o wi n g  c r i te r i a a r e  m e t:

( 1 ) N o  l o s s  o f p r e s s u r e  d u r i n g  th e  te s t
( 2 ) N o  m o ve m e n t o f th e  c o u p l i n g s  wh i l e  u n d e r  p r e s s u r e
( 3 ) N o  p e r m an e n t d i s to r ti o n  o f th e  h o s e

1 1 . 7 . 5    E a c h  h o s e  a s s e m b l y th at p as s e s  th e  h yd r o s ta ti c  te s t s h a l l
b e  m ar ke d  wi th  th e  d ate  o f th e  te s t.

1 1 . 7 . 6 *    E ac h  h o s e  a s s e m b l y th a t p as s e d  th e  te s t s h al l  b e  d r i e d
i n te r n a l l y b e fo r e  b e i n g  r e i n s ta l l e d .

1 1 . 7 . 7    E a c h  h o s e  as s e m b l y th at fai l s  th e  h yd r o s tati c  te s t s h a l l
b e  m ar ke d  an d  d e s tr o ye d .

1 1 . 8  Trai n i n g.    Al l  p e r s o n s  wh o  c o u l d  b e  e x p e c te d  to  i n s p e c t,
s e r vi c e ,  te s t,  o r  m a i n tai n  fre  e x ti n gu i s h i n g  s ys te m s  s h a l l  b e
tr ai n e d  a n d  ke p t tr ai n e d  i n  th e  fu n c ti o n s  th e y ar e  e x p e c te d  to

p e r fo r m .

N C h ap te r 1 2    I m p ai r m e n t

N 1 2 . 1 *  G e n e ral .

N 1 2 . 1 . 1    T h i s  c h a p te r  s h al l  p r o vi d e  th e  m i n i m u m  r e q u i r e m e n ts
fo r  a fre  p r o te c ti o n  s ys te m  i m p ai r m e n t p r o g r am .

N 1 2 . 1 . 2    M e as u r e s  s h al l  b e  take n  d u r i n g  th e  i m p a i r m e n t to
e n s u r e  th at i n c r e as e d  r i s ks  ar e  m i n i m i z e d  a n d  th e  d u r a ti o n  o f

th e  i m p a i r m e n t i s  l i m i te d .

N 1 2 . 2  I m p ai r m e n t C o o rd i n ato r.

N 1 2 . 2 . 1    T h e  p r o p e r ty o wn e r  o r  d e s i gn a te d  r e p r e s e n tati ve  s h a l l
a s s i gn  an  i m p a i r m e n t c o o r d i n a to r  to  c o m p l y wi th  th e  r e q u i r e ‐
m e n ts  o f th i s  c h ap te r.

N 1 2 . 2 . 2    I n  th e  a b s e n c e  o f a specifc  d e s i g n e e ,  th e  p r o p e r ty
o wn e r  o r  d e s i gn a te d  r e p r e s e n tati ve  s h al l  b e  c o n s i d e r e d  th e

i m p a i r m e n t c o o r d i n a to r.

N 1 2 . 2 . 3    Wh e r e  th e  l e as e ,  wr i tte n  u s e  ag r e e m e n t,  o r  m an a ge ‐
m e n t c o n tr ac t specifcally g r an ts  th e  au th o r i ty fo r  i n s p e c ti o n ,

te s ti n g,  an d  m ai n te n a n c e  o f th e  fre  p r o te c ti o n  s ys te m ( s )  to  th e
te n an t,  m a n ag e m e n t frm,  o r  m an a gi n g i n d i vi d u a l ,  th e  te n an t,

m a n ag e m e n t frm,  o r  m an a gi n g i n d i vi d u a l  s h al l  as s i g n  a  p e r s o n
as  i m p a i r m e n t c o o r d i n a to r.

N 1 2 . 3  Tag I m p ai r m e n t S ys te m .

N 1 2 . 3 . 1 *    A tag  s h al l  b e  u s e d  to  i n d i c ate  th a t a  s ys te m ,  o r  p a r t
th e r e o f,  h a s  b e e n  r e m o ve d  fr o m  s e r vi c e .

N 1 2 . 3 . 2 *    A ta g s h al l  b e  p o s te d  at th e  c l e an  ag e n t s ys te m  c o m p o ‐
n e n t c a u s i n g  th e  i m p ai r m e n t,  th e  s ys te m  r e l e a s i n g c o n tr o l  u n i t,

th e  b u i l d i n g  fre  al ar m  c o n tr o l  u n i t i f ap p l i c ab l e ,  an d  o th e r
l o c a ti o n s  r e q u i r e d  b y th e  au th o r i ty h avi n g  j u r i s d i c ti o n ,  i n d i c a t‐

i n g  wh i c h  s ys te m ,  o r  p a r t th e r e o f,  h as  b e e n  r e m o ve d  fr o m  s e r v‐
i c e .

N 1 2 . 4  P re p l an n e d  I m p ai r m e n t P ro gram s .

N 1 2 . 4 . 1    Al l  p r e p l a n n e d  i m p a i r m e n ts  s h al l  b e  au th o r i z e d  b y th e
i m p ai r m e n t c o o r d i n a to r.

N 1 2 . 4 . 2 *    T h e  n e e d  fo r  te m p o r a r y fre  p r o te c ti o n ,  te r m i n a ti o n
o f al l  h az ar d o u s  o p e r ati o n s ,  a n d  fr e q u e n c y o f i n s p e c ti o n s  i n
th e  ar e a s  i n vo l ve d  s h al l  b e  d e te r m i n e d .

N 1 2 . 4 . 3    B e fo r e  au th o r i z ati o n  i s  g i ve n ,  th e  i m p a i r m e n t c o o r d i ‐
n a to r  s h al l  b e  r e s p o n s i b l e  fo r  ve r i fyi n g  th at th e  fo l l o wi n g

p r o c e d u r e s  h ave  b e e n  i m p l e m e n te d :

( 1 ) T h e  e x te n t an d  e x p e c te d  d u r ati o n  o f th e  i m p a i r m e n t
h a ve  b e e n  d e te r m i n e d .

( 2 ) T h e  ar e a s  o r  b u i l d i n g s  i n vo l ve d  h ave  b e e n  i n s p e c te d  an d
th e  i n c r e as e d  r i s ks  d e te r m i n e d .

( 3 ) Re c o m m e n d ati o n s  to  m i ti ga te  an y i n c r e as e d  r i s ks  h a ve
b e e n  s u b m i tte d  to  m an ag e m e n t o r  th e  p r o p e r ty o wn e r  o r

d e s i g n ate d  r e p r e s e n tati ve .
( 4 ) Wh e r e  a c l e an  a ge n t fre  p r o te c ti o n  s ys te m  p r o vi d e s

p r i m a r y p r o te c ti o n  an d  i s  o u t o f s e r vi c e  fo r  m o r e  th a n
1 0  h o u r s  i n  a 2 4 -h o u r  p e r i o d ,  ar r a n ge m e n ts  a r e  m a d e  fo r
o n e  o f th e  fo l l o wi n g :
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( a) E vac u a ti o n  o f th e  b u i l d i n g  o r  p o r ti o n  o f th e  b u i l d ‐
i n g  a ffe c te d  b y th e  s ys te m  o u t o f s e r vi c e

( b ) * An  a p p r o ve d  fre  watc h
( c ) * E s tab l i s h m e n t an d  i m p l e m e n tati o n  o f an  ap p r o ve d

p r o gr a m  to  e l i m i n a te  p o te n ti al  i gn i ti o n  s o u r c e s  an d
l i m i t th e  a m o u n t o f fu e l  a va i l ab l e  to  th e  fre

( 5 ) T h e  fre  d e p ar tm e n t h as  b e e n  notifed.
( 6 ) T h e  i n s u r a n c e  c ar r i e r,  al ar m  c o m p an y,  p r o p e r ty o wn e r  o r

d e s i g n ate d  r e p r e s e n tati ve ,  an d  o th e r  a u th o r i ti e s  h a vi n g
j u r i s d i c ti o n  h a ve  b e e n  notifed.

( 7 ) T h e  s u p e r vi s o r s  i n  th e  ar e a s  to  b e  affe c te d  h ave  b e e n
notifed.

( 8 ) A tag  i m p a i r m e n t s ys te m  h a s  b e e n  i m p l e m e n te d .  (See
Section 1 2. 3. )

( 9 ) Al l  n e c e s s a r y to o l s  an d  m a te r i al s  h a ve  b e e n  a s s e m b l e d  o n
th e  i m p a i r m e n t s i te .

N 1 2 . 5  E m e rge n c y I m p ai r m e n ts .

N 1 2 . 5 . 1    E m e r g e n c y i m p ai r m e n ts  s h al l  i n c l u d e ,  b u t ar e  n o t l i m i ‐
te d  to ,  i n te r r u p ti o n  o f c l e an  ag e n t s u p p l y,  r u p tu r e d  o r
d am age d  p i p i n g,  e q u i p m e n t fai l u r e ,  an d  l o s s  o f e n c l o s u r e

i n te gri ty,  an d  i n c l u d e  i m p a i r m e n ts  fo u n d  d u r i n g i n s p e c ti o n ,
te s ti n g,  o r  m a i n te n an c e  ac ti vi ti e s .

N 1 2 . 5 . 2    I n  th e  c a s e  o f an  e m e r g e n c y i m p ai r m e n t,  th e  c o o r d i n a‐
to r  s h al l  i m p l e m e n t th e  s te p s  o u tl i n e d  i n  1 2 . 4 . 2  a n d  1 2 . 4 . 3 .

N 1 2 . 5 . 3    Wh e n  o n e  o r  m o r e  i m p ai r m e n ts  ar e  d i s c o ve r e d  d u r i n g
i n s p e c ti o n ,  te s ti n g ,  a n d  m ai n te n an c e  ac ti vi ti e s ,  th e  o wn e r  o r
o wn e r’ s  au th o r i z e d  r e p r e s e n tati ve  s h al l  b e  notifed  i n  wr i ti n g .

N 1 2 . 6  Re s to ri n g S ys te m s  to  S e r vi c e .    Wh e n  al l  i m p ai r e d  e q u i p ‐
m e n t i s  r e s to r e d  to  n o r m a l  wo r ki n g o r d e r,  th e  i m p a i r m e n t

c o o r d i n ato r  s h al l  ve r i fy th at th e  fo l l o wi n g  p r o c e d u r e s  h ave
b e e n  i m p l e m e n te d :

( 1 ) An y n e c e s s a r y i n s p e c ti o n s  a n d  te s ts  h a ve  b e e n  c o n d u c te d
to  ve r i fy th a t a ffe c te d  s ys te m s  ar e  o p e r ati o n a l .

( 2 ) S u p e r vi s o r s  h ave  b e e n  ad vi s e d  th a t p r o te c ti o n  i s  r e s to r e d .
( 3 ) T h e  fre  d e p ar tm e n t h as  b e e n  a d vi s e d  th a t p r o te c ti o n  i s

r e s to r e d .
( 4 ) T h e  p r o p e r ty o wn e r  o r  d e s i gn a te d  r e p r e s e n tati ve ,  i n s u r ‐

an c e  c ar r i e r,  a l ar m  c o m p a n y i f ap p l i c a b l e ,  an d  o th e r
au th o r i ti e s  h avi n g  j u r i s d i c ti o n  h ave  b e e n  ad vi s e d  th a t
p r o te c ti o n  i s  r e s to r e d .

( 5 ) Al l  i m p ai r m e n t ta gs  h ave  b e e n  r e m o ve d .

C h ap te r 1 3    M ari n e  S ys te m s

1 3 . 1  G e n e ral .    T h i s  c h a p te r  o u tl i n e s  th e  d e l e ti o n s ,  modifca‐
tions,  a n d  ad d i ti o n s  th at ar e  n e c e s s ar y fo r  m ar i n e  ap p l i c ati o n s .

Al l  o th e r  r e q u i r e m e n ts  o f N F PA 2 0 0 1  s h al l  ap p l y to  s h i p b o ar d
s ys te m s  e x c e p t a s  modifed  b y th i s  c h a p te r.  Wh e r e  th e  p r o vi ‐
s i o n s  o f C h ap te r  1 3  confict wi th  th e  p r o vi s i o n s  o f C h ap te r  1

th r o u g h  C h a p te r  1 1 ,  th e  p r o vi s i o n s  o f C h ap te r  1 3  s h al l  ta ke
p r e c e d e n c e .

1 3 . 1 . 1  S c o p e .    T h i s  c h ap te r  i s  l i m i te d  to  m ar i n e  ap p l i c a ti o n s
o f c l e an  ag e n t fre  e x ti n g u i s h i n g s ys te m s  o n  c o m m e r c i a l  an d
go ve r n m e n t ve s s e l s .  E x p l o s i o n  i n e r ti n g  s ys te m s  we r e  n o t

c o n s i d e r e d  d u r i n g  d e ve l o p m e n t o f th i s  c h ap te r.

1 3 . 2  U s e  an d  L i m i tati o n s .

1 3 . 2 . 1 *    To ta l  fooding  c l e an  ag e n t fre  e x ti n g u i s h i n g s ys te m s
s h a l l  b e  u s e d  p r i m ar i l y to  p r o te c t h az ar d s  th at ar e  i n  e n c l o s u r e s

o r  e q u i p m e n t th at,  i n  i ts e l f,  i n c l u d e s  a n  e n c l o s u r e  to  c o n tai n
th e  ag e n t.

1 3 . 2 . 2 *    I n  a d d i ti o n  to  th e  l i m i tati o n s  g i ve n  i n  4 . 2 . 2 ,  c l e a n
ag e n t fre  e x ti n g u i s h i n g  s ys te m s  s h a l l  n o t b e  u s e d  to  p r o te c t th e
fo l l o wi n g :

( 1 ) D r y c ar g o  h o l d s
( 2 ) B u l k c ar g o

1 3 . 2 . 3    T h e  e ffe c ts  o f a ge n t d e c o m p o s i ti o n  p r o d u c ts  an d
c o m b u s ti o n  p r o d u c ts  o n  fre  p r o te c ti o n  e ffe c ti ve n e s s  an d

e q u i p m e n t s h al l  b e  c o n s i d e r e d  wh e r e  u s i n g  c l e a n  ag e n ts  i n
h az ar d s  wi th  h i g h  a m b i e n t te m p e r atu r e s  ( e . g . ,  i n c i n e r ato r
r o o m s ,  h o t m a c h i n e r y an d  p i p i n g ) .

1 3 . 3  H az ard s  to  P e rs o n n e l .

1 3 . 3 . 1    O th e r  th a n  th e  e n g i n e  r o o m s  identifed  i n  1 3 . 3 . 1 . 1 ,  a l l
o th e r  m a i n  m a c h i n e r y s p ac e s  s h al l  b e  c o n s i d e r e d  n o r m al l y

o c c u p i e d  s p a c e s .

1 3 . 3 . 1 . 1    E n g i n e  r o o m s  o f 6 0 0 0  ft3  ( 1 7 0  m 3 )  o r  l e s s  th at a r e
a c c e s s e d  fo r  m a i n te n an c e  o n l y s h a l l  n o t b e  r e q u i r e d  to  c o m p l y

wi th  1 3 . 3 . 1 .

1 3 . 3 . 2 *    F o r  m ar i n e  s ys te m s ,  e l e c tr i c al  c l e a ran c e s  s h a l l  b e  i n
ac c o r d an c e  wi th  4 6  C F R,  S u b c h a p te r  J ,  “ E l e c tr i c a l  E n g i n e e r ‐
i n g . ”

1 3 . 4  Age n t S u p p l y.

1 3 . 4 . 1    Re s e r ve  q u a n ti ti e s  o f a ge n t s h a l l  n o t b e  r e q u i r e d  b y th i s
s tan d ar d .

1 3 . 4 . 2 *    S to r a ge  c o n ta i n e r  ar r a n ge m e n t s h a l l  b e  i n  a c c o r d a n c e
wi th  5 . 1 . 3 . 1  an d  5 . 1 . 3 . 3  th r o u g h  5 . 1 . 3 . 5 .  Wh e r e  e q u i p m e n t i s

s u b j e c t to  e x tr e m e  we a th e r  c o n d i ti o n s ,  th e  s ys te m  s h a l l  b e
i n s ta l l e d  i n  ac c o r d a n c e  wi th  th e  m an u fac tu r e r ’ s  d e s i g n  an d
i n s ta l l ati o n  i n s tr u c ti o n s .

1 3 . 4 . 2 . 1    E x c e p t i n  th e  c as e  o f s ys te m s  wi th  s to r ag e  c yl i n d e r s
l o c ate d  wi th i n  th e  p r o te c te d  s p ac e ,  p r e s s u r e  c o n tai n e r s

r e q u i r e d  fo r  th e  s to r ag e  o f th e  a ge n t s h al l  b e  i n  ac c o r d a n c e
wi th  1 3 . 4 . 2 . 2 .

1 3 . 4 . 2 . 2    Wh e r e  th e  ag e n t c o n tai n e r s  ar e  l o c ate d  o u ts i d e  a
p r o te c te d  s p ac e ,  th e y s h a l l  b e  s to r e d  i n  a r o o m  th at s h a l l  b e
s i tu ate d  i n  a s afe  an d  r e ad i l y a c c e s s i b l e  l o c ati o n  a n d  s h a l l  b e

e ffe c ti ve l y ve n ti l a te d  s o  th a t th e  ag e n t c o n tai n e r s  a r e  n o t
e x p o s e d  to  a m b i e n t te m p e r atu r e s  i n  e x c e s s  o f 1 3 0 ° F  ( 5 5 ° C ) .
C o m m o n  b u l kh e a d s  a n d  d e c ks  l o c ate d  b e twe e n  c l e a n  ag e n t

c o n tai n e r  s to r ag e  r o o m s  an d  p r o te c te d  s p ac e s  s h al l  b e  p r o te c ‐
te d  wi th  A-6 0  c l a s s  s tr u c tu r al  i n s u l ati o n  as  defned  b y 4 6  C F R
7 2 .  Age n t c o n tai n e r  s to r ag e  r o o m s  s h al l  b e  ac c e s s i b l e  wi th o u t

h a vi n g to  p a s s  th r o u gh  th e  s p a c e  b e i n g  p r o te c te d .  Ac c e s s  d o o r s
s h a l l  o p e n  o u twar d ,  an d  b u l kh e ad s  an d  d e c ks ,  i n c l u d i n g d o o r s
an d  o th e r  m e an s  o f c l o s i n g an y o p e n i n g  th e r e i n ,  th a t fo r m  th e

b o u n d ar i e s  b e twe e n  s u c h  r o o m s  an d  ad j o i n i n g s p a c e s  s h al l  b e
ga s ti g h t.

1 3 . 4 . 3    Wh e r e  ag e n t c o n tai n e r s  ar e  s to r e d  i n  a  d e d i c ate d
s p ac e ,  d o o r s  a t e x i ts  s h al l  s wi n g  o u twar d .

1 3 . 4 . 4    Wh e r e  s u b j e c t to  m o i s tu r e ,  c o n tai n e r s  s h a l l  b e  i n s tal l e d
s u c h  th a t a  s p a c e  o f a t l e as t 2  i n .  ( 5 1  m m )  b e twe e n  th e  d e c k
an d  th e  b o tto m  o f th e  c o n tai n e r  i s  p r o vi d e d .

1 3 . 4 . 5    I n  a d d i ti o n  to  th e  r e q u i r e m e n ts  o f 5 . 1 . 3 . 4 ,  c o n tai n e r s
s h a l l  b e  s e c u r e d  wi th  a m i n i m u m  o f two  b ra c ke ts  to  p r e ve n t

m o ve m e n t fr o m  ve s s e l  m o ti o n  a n d  vi b r ati o n .
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1 3 . 4 . 6 *    F o r  m ar i n e  ap p l i c ati o n s ,  al l  p i p i n g ,  val ve s ,  a n d  fttings
o f fe r r o u s  m ate r i a l s  s h a l l  b e  p r o te c te d  i n s i d e  a n d  o u t a ga i n s t
c o r r o s i o n  e x c e p t as  p e r m i tte d  i n  1 3 . 4 . 6 . 1 .

1 3 . 4 . 6 . 1    C l o s e d  s e c ti o n s  o f p i p e  an d  val ve s  an d  fttings  wi th i n
c l o s e d  s e c ti o n s  o f p i p e  s h al l  b e  r e q u i r e d  to  b e  p r o te c te d  a ga i n s t
c o r r o s i o n  o n l y o n  th e  o u ts i d e .

1 3 . 4 . 6 . 2    O th e r  th an  as  p e r m i tte d  i n  1 3 . 4 . 6 . 1 ,  p r i o r  to  a c c e p t‐
an c e  te s ti n g ,  th e  i n s i d e  o f th e  p i p i n g s h al l  b e  c l e an e d  wi th o u t
c o m p r o m i s i n g  i ts  c o r r o s i o n  r e s i s ta n c e .

1 3 . 4 . 7 *    P i p e s ,  fttings,  n o z z l e s ,  a n d  h an g e r s ,  i n c l u d i n g  we l d i n g
flling  m a te r i al s ,  wi th i n  th e  p r o te c te d  s p ac e  s h al l  h a ve  a m e l t‐
i n g  te m p e r atu r e  g r e ate r  th an  1 6 0 0 ° F  ( 8 7 1 ° C ) .  Al u m i n u m
c o m p o n e n ts  s h a l l  n o t b e  u s e d .

1 3 . 4 . 8    P i p i n g  s h al l  e x te n d  a t l e as t 2  i n .  ( 5 1  m m )  b e yo n d  th e
l as t n o z z l e  i n  e ac h  b r an c h  l i n e  to  p r e ve n t c l o g gi n g.

1 3 . 5  D e te c ti o n ,  Ac tu ati o n ,  an d  C o n tro l  S ys te m s .

1 3 . 5 . 1  G e n e ral .

1 3 . 5 . 1 . 1    D e te c ti o n ,  ac tu a ti o n ,  a l ar m ,  an d  c o n tr o l  s ys te m s  s h a l l
b e  i n s tal l e d ,  te s te d ,  a n d  m a i n tai n e d  i n  a c c o r d an c e  wi th  th e
re q u i r e m e n ts  o f th e  au th o r i ty h a vi n g j u r i s d i c ti o n .

1 3 . 5 . 1 . 2 *    F o r  s p ac e s  g r e ate r  th an  6 0 0 0  ft3  ( 1 7 0  m 3 ) ,  au to m ati c
r e l e as e  o f th e  fre  e x ti n gu i s h i n g  ag e n t s h al l  n o t b e  p e r m i tte d
wh e r e  a c tu ati o n  o f th e  s ys te m  c a n  i n te r fe r e  wi th  th e  s a fe  n avi ‐

g ati o n  o f th e  ve s s e l .  Au to m a ti c  r e l e a s e  o f th e  fre  e x ti n gu i s h i n g
ag e n t s h al l  b e  p e r m i tte d  fo r  an y s p ac e  wh e r e  a c tu a ti o n  o f th e
s ys te m  wi l l  n o t i n te r fe r e  wi th  th e  s a fe  n a vi ga ti o n  o f th e  ve s s e l .

1 3 . 5 . 1 . 2 . 1    Au to m a ti c  r e l e as e  s h a l l  b e  p e r m i tte d  fo r  a n y s p a c e
o f 6 0 0 0  ft3  ( 1 7 0  m 3 )  o r  l e s s .

1 3 . 5 . 2  Au to m ati c  D e te c ti o n .

1 3 . 5 . 2 . 1    E l e c tr i c a l  d e te c ti o n ,  s i gn a l i n g,  c o n tr o l ,  a n d  a c tu a ti o n
s ys te m ( s )  s h al l  h a ve  at l e a s t two  s o u r c e s  o f p o we r.  T h e  p r i m ar y

s o u r c e  s h al l  b e  fr o m  th e  ve s s e l ’ s  e m e r g e n c y b u s .  F o r  ve s s e l s
wi th  a n  e m e r ge n c y b u s  o r  b atte r y,  th e  b a c ku p  s o u r c e  s h a l l  b e
e i th e r  th e  ve s s e l ’ s  ge n e r a l  al a r m  b a tte r y o r  a n  i n te r n a l  b atte r y

wi th i n  th e  s ys te m .  I n te r n al  b a tte r i e s  s h a l l  b e  c a p ab l e  o f o p e r a t‐
i n g  th e  s ys te m  fo r  a m i n i m u m  o f 2 4  h o u r s .  Al l  p o we r  s o u r c e s
s h a l l  b e  s u p e r vi s e d .

1 3 . 5 . 2 . 1 . 1    F o r  ve s s e l s  wi th o u t an  e m e r g e n c y b u s  o r  b a tte r y,  th e
p r i m a r y s o u r c e  s h a l l  b e  p e r m i tte d  to  b e  th e  m a i n  e l e c tr i c al

s u p p l y.

1 3 . 5 . 2 . 2    I n  a d d i ti o n  to  th e  r e q u i r e m e n ts  s e t fo r th  i n
S e c ti o n  9 . 3 ,  a c tu a ti o n  c i r c u i ts  s h a l l  n o t b e  r o u te d  th r o u g h  th e

p r o te c te d  s p ac e  wh e r e  m a n u a l  e l e c tr i c a l  a c tu a ti o n  i s  u s e d  i n
m a r i n e  s ys te m s .

1 3 . 5 . 2 . 2 . 1    F o r  s ys te m s  c o m p l yi n g  wi th  1 3 . 5 . 2 . 4 ,  a c tu a ti o n
c i r c u i ts  s h al l  b e  p e r m i tte d  to  b e  r o u te d  th r o u gh  th e  p r o te c te d

s p ac e .

1 3 . 5 . 2 . 3 *    M an u al  ac tu a ti o n  fo r  s ys te m s  s h al l  n o t b e  c ap ab l e  o f
b e i n g p u t i n to  o p e r ati o n  b y an y s i n g l e  ac ti o n .  O th e r  th an  a s
identifed  i n  1 3 . 5 . 2 . 3 . 1 ,  m an u al  a c tu ati o n  s ta ti o n s  s h al l  b e
h o u s e d  i n  an  e n c l o s u r e .

1 3 . 5 . 2 . 3 . 1    M a n u al  ac tu ati o n  s h al l  b e  p e r m i tte d  to  b e  l o c al
m a n u a l  ac tu ati o n  at th e  c yl i n d e r ( s )  l o c ati o n .

1 3 . 5 . 2 . 4    S ys te m s  p r o te c ti n g s p ac e s  l ar g e r  th an  6 0 0 0  ft3

( 1 7 0  m 3 )  s h a l l  h ave  a m a n u a l  a c tu a ti o n  s ta ti o n  l o c ate d  i n  th e
m a i n  e gr e s s  r o u te  o u ts i d e  th e  p r o te c te d  s p ac e .  I n  a d d i ti o n ,
s ys te m s  p r o te c ti n g  s p ac e s  l ar g e r  th an  6 0 0 0  ft3  ( 1 7 0  m 3 )  h avi n g

c yl i n d e r s  wi th i n  th e  p r o te c te d  s p ac e  a n d  s ys te m s  p ro te c ti n g
u n atte n d e d  m ai n  m ac h i n e r y s p ac e s  s h a l l  h ave  a n  ac tu a ti o n
s tati o n  i n  a c o n ti n u o u s l y m o n i to r e d  c o n tr o l  s ta ti o n  o u ts i d e  th e

p r o te c te d  s p ac e .

1 3 . 5 . 2 . 4 . 1    S ys te m s  p r o te c ti n g  s p ac e s  o f 6 0 0 0  ft3  ( 1 7 0  m 3 )  o r
l e s s  s h a l l  b e  p e r m i tte d  to  h ave  a s i n gl e  ac tu a ti o n  s tati o n  a t

e i th e r  o f th e  l o c ati o n s  d e s c r i b e d  i n  1 3 . 5 . 2 . 4 .

1 3 . 5 . 2 . 5    E m e r g e n c y l i gh ti n g  s h al l  b e  p r o vi d e d  fo r  r e m o te
ac tu ati o n  s tati o n s  s e r vi n g  s ys te m s  p r o te c ti n g  m ai n  m ac h i n e r y
s p ac e s .  Al l  m a n u al  o p e r a ti n g d e vi c e s  s h a l l  b e  l ab e l e d  to  i d e n ti fy

th e  h az ar d s  th e y p r o te c t.  I n  a d d i ti o n ,  th e  fo l l o wi n g  i n fo rm a‐
ti o n  s h al l  b e  p r o vi d e d :

( 1 ) O p e r ati n g  i n s tr u c ti o n s
( 2 ) L e n g th  o f ti m e  d e l ay
( 3 ) Ac ti o n s  to  ta ke  i f s ys te m  fai l s  to  o p e r a te
( 4 ) O th e r  a c ti o n s  to  ta ke  s u c h  a s  c l o s i n g  ve n ts  an d  taki n g  a

h e a d  c o u n t

1 3 . 5 . 2 . 5 . 1    F o r  s ys te m s  h avi n g  c yl i n d e r s  wi th i n  th e  p r o te c te d
s p ac e ,  a m e a n s  o f i n d i c ati n g  s ys te m  d i s c h a r ge  s h a l l  b e  p r o vi d e d

at th e  r e m o te  ac tu ati o n  s ta ti o n .

1 3 . 6  Ad d i ti o n al  Re q u i re m e n ts  fo r S ys te m s  P ro te c ti n g C l as s  B
H az ard s  G re ate r T h an  6 0 0 0  ft3  ( 1 7 0  m 3 )  wi th  S to re d  C yl i n d e rs

Wi th i n  th e  P ro te c te d  S p ac e .

1 3 . 6 . 1 *    An  au to m ati c  fre  d e te c ti o n  s ys te m  s h a l l  b e  i n s tal l e d  i n
th e  p r o te c te d  s p ac e  to  p r o vi d e  e a r l y war n i n g o f fre  to  m i n i ‐

m i z e  p o te n ti a l  d a m ag e  to  th e  fre  e x ti n g u i s h i n g  s ys te m  b e fo r e
i t c a n  b e  m a n u al l y ac tu ate d .  T h e  d e te c ti o n  s ys te m  s h al l  i n i ti ate

a u d i b l e  a n d  vi s u al  al ar m s  i n  th e  p r o te c te d  s p a c e  an d  o n  th e
n avi g ati n g  b r i d ge  u p o n  d e te c ti o n  o f fre.  Al l  d e te c ti o n  an d
al a r m  d e vi c e s  s h al l  b e  e l e c tr i c al l y s u p e r vi s e d  fo r  c o n ti n u i ty,  an d

tr o u b l e  i n d i c ati o n  s h al l  b e  an n u n c i ate d  o n  th e  n a vi ga ti n g
b r i d g e .

1 3 . 6 . 2 *    E l e c tr i c al  p o we r  c i r c u i ts  c o n n e c ti n g  th e  c o n tai n e r s
s h a l l  b e  m o n i to r e d  fo r  fau l t c o n d i ti o n s  an d  l o s s  o f p o we r.
Vi s u a l  a n d  a u d i b l e  a l ar m s  s h al l  b e  p r o vi d e d  to  i n d i c ate  th i s ,

a n d  th e  a l a r m s  s h al l  b e  a n n u n c i a te d  o n  th e  n avi g ati n g  b r i d g e .

1 3 . 6 . 3 *    Wi th i n  th e  p r o te c te d  s p a c e ,  e l e c tr i c a l  c i r c u i ts  e s s e n ti al
fo r  th e  r e l e a s e  o f th e  s ys te m  s h al l  b e  h e a t r e s i s tan t,  s u c h  a s

m i n e r al -i n s u l ate d  c a b l e  c o m p l i a n t wi th  Ar ti c l e  3 3 2  o f NFPA 70,
o r  th e  e q u i va l e n t.  P i p i n g  s ys te m s  e s s e n ti a l  fo r  th e  r e l e as e  o f

s ys te m s  d e s i g n e d  to  b e  o p e r a te d  h yd r au l i c al l y o r  p n e u m a ti c al l y
s h a l l  b e  o f s te e l  o r  o th e r  e q u i val e n t h e at-r e s i s tan t m a te r i al .

1 3 . 6 . 4 *    T h e  a r r an g e m e n ts  o f c o n ta i n e r s  a n d  th e  e l e c tr i c al
c i r c u i ts  a n d  p i p i n g e s s e n ti a l  fo r  th e  r e l e as e  o f an y s ys te m  s h a l l
b e  s u c h  th a t i n  th e  e ve n t o f d am ag e  to  a n y o n e  p o we r  r e l e a s e

l i n e  th r o u g h  fre  o r  e x p l o s i o n  i n  a p r o te c te d  s p ac e  ( i . e . ,  a
s i n gl e -fau l t c o n c e p t)  th e  e n ti r e  fre  e x ti n g u i s h i n g c h ar g e
r e q u i r e d  fo r  th a t s p a c e  c an  s ti l l  b e  d i s c h ar g e d .

1 3 . 6 . 5 *    T h e  c o n tai n e r s  s h a l l  b e  m o n i to r e d  fo r  d e c r e a s e  i n
p r e s s u r e  d u e  to  l e akag e  an d  d i s c h ar ge .  Vi s u a l  an d  au d i b l e

s i gn a l s  i n  th e  p r o te c te d  ar e a  an d  e i th e r  o n  th e  n a vi ga ti n g
b r i d g e  o r  i n  th e  s p ac e  wh e r e  th e  fre  c o n tr o l  e q u i p m e n t i s
c e n tr al i z e d  s h a l l  b e  p r o vi d e d  to  i n d i c a te  a l o w-p r e s s u r e  c o n d i ‐

ti o n .
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1 3 . 6 . 6 *    Wi th i n  th e  p r o te c te d  s p ac e ,  e l e c tr i c al  c i r c u i ts  e s s e n ti al
fo r  th e  r e l e a s e  o f th e  s ys te m  s h a l l  b e  C l a s s  A r a te d  i n  a c c o r d ‐
an c e  wi th  NFPA 72.

1 3 . 7  E n c l o s u re .

1 3 . 7 . 1 *    To  p r e ve n t l o s s  o f ag e n t th r o u gh  o p e n i n g s  to  a d j ac e n t
h az ar d s  o r  wo r k ar e a s ,  o p e n i n gs  s h a l l  b e  o n e  o f th e  fo l l o wi n g
d e s i g n s :

( 1 ) P e r m an e n tl y s e a l e d
( 2 ) E q u i p p e d  wi th  au to m ati c  c l o s u r e s
( 3 ) E q u i p p e d  wi th  m a n u a l  c l o s u r e s  outftted  wi th  an  a l a r m

c i r c u i t to  i n d i c a te  wh e n  th e s e  c l o s u r e s  a r e  n o t s e a l e d
u p o n  ac ti vati o n  o f th e  s ys te m

1 3 . 7 . 1 . 1    Wh e r e  confnement o f ag e n t i s  n o t p r ac ti c al ,  o r  i f th e
fu e l  c a n  d r a i n  fr o m  o n e  c o m p a r tm e n t to  an o th e r,  s u c h  as  vi a a
b i l g e ,  p r o te c ti o n  s h al l  b e  e x te n d e d  to  i n c l u d e  th e  a d j ac e n t
c o n n e c te d  c o m p ar tm e n t o r  wo r k ar e a s .

1 3 . 7 . 2 *    P r i o r  to  ag e n t d i s c h ar g e ,  al l  ve n ti l ati n g  s ys te m s  s h a l l
b e  c l o s e d  a n d  i s o l ate d  to  p r e c l u d e  p as s ag e  o f a ge n t to  o th e r
c o m p a r tm e n ts  o r  th e  ve s s e l  e x te r i o r.  Au to m ati c  s h u td o wn s  o r
m a n u a l  s h u td o wn s  c a p ab l e  o f b e i n g c l o s e d  b y o n e  p e r s o n  fr o m
a p o s i ti o n  c o - l o c ate d  wi th  th e  ag e n t d i s c h a r ge  s tati o n  s h a l l  b e
u s e d .

1 3 . 8  D e s i gn  C o n c e n trati o n  Re q u i re m e n ts .

1 3 . 8 . 1  C o m b i n ati o n s  o f Fu e l s .    F o r  c o m b i n ati o n s  o f fu e l s ,  th e
d e s i g n  c o n c e n tr a ti o n  s h al l  b e  d e r i ve d  fr o m  th e  fame  e x ti n ‐
gu i s h m e n t val u e  fo r  th e  fu e l  r e q u i r i n g th e  g r e ate s t c o n c e n tr a‐
ti o n .

1 3 . 8 . 2  D e s i gn  C o n c e n trati o n .    F o r  a  p a r ti c u l a r  fu e l ,  th e  d e s i g n
c o n c e n tr ati o n  r e fe r r e d  to  i n  1 3 . 8 . 3  s h a l l  b e  u s e d .

Δ 1 3 . 8 . 3  Fl am e  E x ti n gu i s h m e n t.    T h e  m i n i m u m  d e s i gn  c o n c e n ‐
tr a ti o n  fo r  C l as s  B  fammable  an d  c o m b u s ti b l e  l i q u i d s  s h al l  b e
as  d e te r m i n e d  fo l l o wi n g  th e  p r o c e d u r e s  d e s c r i b e d  i n  I M O
M S C / C i r c .  8 4 8 ,  Revised Guidelines for the Approval of Equivalent
Fixed Gas Fire-Extinguishing Systems as Referred to in SOLAS 74,  for
Machinery Spaces and Cargo Pump-Rooms,  a s  am e n d e d  b y I M O
M S C . 1 / C i r c .  1 2 6 7 ,  Amendments to Revised Guidelines for the Appro‐
val of Equivalent Fixed Gas Fire-Extinguishing Systems,  as Referred to
in SOLAS 74,  for Machinery Spaces and Cargo Pump-Rooms (MSC/
Circ.  848).

1 3 . 8 . 4 *  To tal  Fl o o d i n g Q u an ti ty.    T h e  q u an ti ty o f ag e n t s h a l l
b e  b a s e d  o n  th e  n e t vo l u m e  o f th e  s p ac e  a n d  s h al l  b e  i n  a c c o r d ‐
an c e  wi th  th e  r e q u i r e m e n ts  o f p ar a gr a p h  5  o f I M O  M S C / C i r c u ‐
l ar  8 4 8 ,  Revised Guidelines for the Approval of Equivalent Fixed Gas
Fire-Extinguishing Systems as Referred to in SOLAS 74,  for Machinery
Spaces and Cargo Pump-Rooms,  An n e x .

1 3 . 8 . 5 *  D urati o n  o f P ro te c ti o n .    I t i s  i m p o r tan t th a t th e  ag e n t
d e s i g n  c o n c e n tr ati o n  n o t o n l y s h a l l  b e  ac h i e ve d ,  b u t al s o  s h a l l
b e  m ai n tai n e d  fo r  a suffcient p e r i o d  o f ti m e  to  al l o w e ffe c ti ve
e m e r g e n c y ac ti o n  b y tr a i n e d  s h i p ’ s  p e r s o n n e l .  I n  n o  c as e  s h a l l
th e  h o l d  ti m e  b e  l e s s  th an  1 5  m i n u te s .

1 3 . 9  D i s tri b u ti o n  S ys te m .

1 3 . 9 . 1  Rate  o f Ap p l i c ati o n .    T h e  m i n i m u m  d e s i g n  r ate  o f
ap p l i c a ti o n  s h al l  b e  b a s e d  o n  th e  q u an ti ty o f a ge n t r e q u i r e d  fo r
th e  d e s i r e d  c o n c e n tr a ti o n  an d  th e  ti m e  a l l o we d  to  ac h i e ve  th e
d e s i r e d  c o n c e n tr a ti o n .

1 3 . 9 . 2  D i s c h arge  T i m e .

1 3 . 9 . 2 . 1    T h e  d i s c h ar g e  ti m e  fo r  h al o c a r b o n  a ge n ts  s h al l  n o t
e x c e e d  1 0  s e c o n d s  o r  as  o th e r wi s e  r e q u i r e d  b y th e  au th o r i ty

h avi n g  j u r i s d i c ti o n .

1 3 . 9 . 2 . 2    F o r  h al o c a r b o n  ag e n ts ,  th e  d i s c h ar g e  ti m e  p e r i o d
s h a l l  b e  defned  as  th e  ti m e  r e q u i r e d  to  d i s c h ar g e  fr o m  th e

n o z z l e s  9 5  p e r c e n t o f th e  ag e n t m as s  [ at 7 0 ° F  ( 2 1 ° C ) ]  n e c e s ‐
s a r y to  ac h i e ve  th e  m i n i m u m  d e s i g n  c o n c e n tr ati o n .

1 3 . 9 . 2 . 3    T h e  d i s c h a r ge  ti m e  fo r  i n e r t g as  a ge n ts  s h a l l  n o t
e x c e e d  1 2 0  s e c o n d s  fo r  8 5  p e r c e n t o f th e  d e s i g n  c o n c e n tr a ti o n

o r  a s  o th e r wi s e  r e q u i r e d  b y th e  au th o r i ty h a vi n g j u r i s d i c ti o n .

1 3 . 1 0  N o z z l e  C h o i c e  an d  L o c ati o n .    F o r  s p ac e s  o th e r  th an
th o s e  identifed  i n  1 3 . 1 0 . 1 ,  n o z z l e s  s h a l l  b e  o f th e  typ e  l i s te d  fo r
th e  i n te n d e d  p u r p o s e .  L i m i tati o n s  s h al l  b e  d e te r m i n e d  b as e d

o n  te s ti n g i n  ac c o r d an c e  wi th  I M O  M S C / C i r c u l ar  8 4 8 ,  Revised
Guidelines for the Approval of Equivalent Fixed Gas Fire-

Extinguishing Systems as Referred to in SOLAS 74,  for Machinery
Spaces and Cargo Pump-Rooms.  N o z z l e  s p ac i n g ,  a r e a c o ve r ag e ,
h e i gh t,  an d  a l i g n m e n t s h al l  n o t e x c e e d  th e  l i m i tati o n s .

1 3 . 1 0 . 1    F o r  s p a c e s  h a vi n g o n l y C l a s s  A fu e l s ,  n o z z l e  p l ac e m e n t
s h a l l  b e  i n  ac c o r d a n c e  wi th  th e  n o z z l e s ’  l i s te d  l i m i tati o n s .

1 3 . 1 1  I n s p e c ti o n  an d  Te s ts .    At l e as t an n u a l l y,  a l l  s ys te m s  s h a l l
b e  i n s p e c te d  a n d  te s te d  fo r  p r o p e r  o p e r a ti o n  b y c o m p e te n t

p e r s o n n e l .  D i s c h ar g e  te s ts  s h al l  n o t b e  r e q u i r e d .

1 3 . 1 1 . 1    An  i n s p e c ti o n  r e p o r t wi th  r e c o m m e n d ati o n s  s h al l  b e
fled  wi th  th e  ve s s e l ’ s  m as te r  an d  th e  o wn e r ’ s  ag e n t.  T h e  r e p o r t

s h a l l  b e  a va i l a b l e  fo r  i n s p e c ti o n  b y th e  a u th o r i ty h avi n g  j u r i s ‐
d i c ti o n .

1 3 . 1 1 . 2    At l e a s t a n n u a l l y,  th e  ag e n t q u an ti ty o f refllable
c o n tai n e r s  s h al l  b e  c h e c ke d  b y c o m p e te n t p e r s o n n e l .  T h e

c o n tai n e r  p r e s s u r e  s h al l  b e  verifed  an d  l o gg e d  a t l e as t m o n th l y
b y th e  ve s s e l ’ s  c r e w.

1 3 . 1 1 . 3 *    F o r  h al o c ar b o n  c l e an  a ge n ts ,  i f a c o n ta i n e r  s h o ws  a
l o s s  i n  a ge n t o f m o r e  th an  5  p e r c e n t o r  a l o s s  i n  p r e s s u r e ,  ad j u s ‐
te d  fo r  te m p e r atu r e ,  o f m o r e  th an  1 0  p e r c e n t,  i t s h al l  b e  r e ‐
flled  o r  r e p l ac e d .

1 3 . 1 1 . 3 . 1 *    I f an  i n e r t g as  c l e an  ag e n t c o n ta i n e r  s h o ws  a  l o s s  i n
p r e s s u r e ,  ad j u s te d  fo r  te m p e r a tu r e ,  o f m o r e  th an  5  p e r c e n t,  i t

s h a l l  b e  reflled  o r  r e p l ac e d .  Wh e r e  c o n tai n e r  p r e s s u r e  ga u g e s
a r e  u s e d  fo r  th i s  p u r p o s e ,  th e y s h al l  b e  c o m p ar e d  to  a  s e p ar a te
c a l i b r a te d  d e vi c e  a t l e as t a n n u al l y.

1 3 . 1 1 . 4    T h e  i n s tal l i n g  c o n tr a c to r  s h al l  p r o vi d e  i n s tr u c ti o n s  fo r
th e  o p e r ati o n al  fe atu r e s  a n d  i n s p e c ti o n  p r o c e d u r e s  specifc  to

th e  c l e a n  a ge n t s ys te m  i n s tal l e d  o n  th e  ve s s e l .

1 3 . 1 2  Ap p ro val  o f I n s tal l ati o n s .    P r i o r  to  ac c e p tan c e  o f th e
s ys te m ,  te c h n i c a l  d o c u m e n tati o n ,  s u c h  a s  th e  s ys te m  d e s i g n

m a n u al ,  te s t r e p o r ts ,  o r  th e  l i s ti n g  r e p o r t,  s h al l  b e  p r e s e n te d  to
th e  au th o r i ty h avi n g  j u r i s d i c ti o n .  T h i s  d o c u m e n ta ti o n  s h a l l

s h o w th a t th e  s ys te m  an d  i ts  i n d i vi d u al  c o m p o n e n ts  a r e
c o m p a ti b l e ,  e m p l o ye d  wi th i n  te s te d  l i m i ta ti o n s ,  a n d  s u i tab l e
fo r  m a r i n e  u s e .
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1 3 . 1 2 . 1    T h e  l i s ti n g  o r g an i z a ti o n  s h al l  p e r fo r m  th e  fo l l o wi n g
fu n c ti o n s :

( 1 ) Ve r i fy th at fre  te s ts  we r e  c o n d u c te d  i n  a c c o r d a n c e  wi th  a
p r e d e te r m i n e d  s tan d a r d

( 2 ) Ve r i fy th a t c o m p o n e n t te s ts  we r e  c o n d u c te d  i n  ac c o r d ‐
a n c e  wi th  a  p r e d e te r m i n e d  s tan d ar d

( 3 ) Re vi e w th e  c o m p o n e n t q u al i ty as s u r a n c e  p r o gr a m
( 4 ) Re vi e w th e  d e s i g n  an d  i n s tal l a ti o n  m an u al
( 5 ) I d e n ti fy s ys te m  an d  c o m p o n e n t l i m i ta ti o n s
( 6 ) Ve r i fy fow c a l c u l ati o n s
( 7 ) Ve r i fy th e  i n te gr i ty an d  th e  r e l i a b i l i ty o f s ys te m  a s  a  wh o l e
( 8 ) H ave  a fo l l o w-u p  p r o g r am
( 9 ) P u b l i s h  a  l i s t o f e q u i p m e n t

1 3 . 1 3  P e ri o d i c  P u ff Te s ti n g.    A te s t i n  ac c o r d a n c e  wi th  1 0 . 4 . 1 5
s h a l l  b e  p e r fo r m e d  at 2 4 -m o n th  i n te r val s .  T h e  p e r i o d i c  te s t
p r o gr a m  s h al l  i n c l u d e  a fu n c ti o n al  te s t o f a l l  al ar m s ,  c o n tr o l s ,
an d  ti m e  d e l ays .

1 3 . 1 4  C o m p l i an c e .    E l e c tr i c a l  s ys te m s  s h al l  b e  i n  ac c o r d a n c e
wi th  4 6  C F R S u b c h a p te r  J .  F o r  C a n ad i an  ve s s e l s ,  e l e c tr i c al
i n s ta l l a ti o n s  s h al l  b e  i n  ac c o r d an c e  wi th  T P  1 2 7  E ,  Ship Safety
Electrical Standards.

An n e x  A   E x p l an ato r y M ate ri al

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

N A. 1 . 1    T h e  d e s i g n e r  i s  c au ti o n e d  th at th i s  s tan d a r d  i s  n o t to  b e
u s e d  as  a d e s i gn  h an d b o o k.  C l e a n  a ge n t fre  e x ti n g u i s h i n g
s ys te m s  a r e  c o m p l e x ,  wi th  n e w te c h n o l o g y i n  th i s  a r e a b e i n g
d e ve l o p e d  c o n ti n u o u s l y.  T h e  d e s i g n e r  wi l l  n e e d  to  ap p l y e n g i ‐
n e e r i n g j u d g e m e n t i n  c o n j u n c ti o n  wi th  th i s  s tan d ar d  wh e n
d e s i g n i n g  c l e an  ag e n t fre  e x ti n gu i s h i n g  s ys te m s .

A d e s i g n e r  i s  e x p e c te d  to  b e  g r an te d  s o m e  l a ti tu d e  wh e n
e n c o u n te r i n g  s p e c i a l  o r  u n u s u a l  d e s i gn  p r o b l e m s ,  as  l o n g a s
th e  d e s i g n e r  a p p l i e s  a c o m p l e te  an d  r i go r o u s  an a l ys i s  to  th e
s i tu ati o n .  I n  s u c h  c a s e s ,  th e  d e s i g n e r  i s  r e s p o n s i b l e  fo r  d e m o n ‐
s tr ati n g  th e  val i d i ty o f th e  a p p r o a c h .

N A. 1 . 1 . 1    T h e  d e s i gn a ti o n s  fo r  perfuorocarbons  ( F C s ) ,  h yd r o ‐
chlorofuorocarbons  ( H C F C s ) ,  hydrofuorocarbons  ( H F C s ) ,
fuoroiodocarbons  ( F I C s ) ,  fuoroketones  ( F Ks ) ,  an d  h yd r o ‐
fuoroolefns  ( H F O s )  ar e  a n  e x te n s i o n  o f h al o c a r b o n  d e s i g n a‐
ti o n s  i n  AN S I / AS H RAE  3 4 ,  p r e p a r e d  b y th e  Am e r i c a n  N a ti o n al
S tan d ar d s  I n s ti tu te ,  I n c .  ( AN S I )  a n d  AS H RAE .  H C F C  B l e n d  A
i s  a  d e s i g n ati o n  fo r  a b l e n d  o f H C F C s  a n d  a h yd r o c ar b o n .
H B -5 5  i s  a d e s i g n ati o n  fo r  a  b l e n d  o f H F O -1 2 3 3 z d  an d  fuoro‐
ketone  F K- 5 -1 -1 2  ( 5 0  p e r c e n t e a c h ) .  T h e  d e s i gn a ti o n  I G- 5 4 1  i s
u s e d  i n  th i s  s tan d ar d  fo r  a  b l e n d  o f th r e e  i n e r t ga s e s  — n i tr o ‐
ge n ,  a r go n ,  an d  c ar b o n  d i o x i d e  ( 5 2  p e r c e n t,  4 0  p e r c e n t,  an d
8  p e r c e n t,  r e s p e c ti ve l y) .  T h e  d e s i gn a ti o n  I G-0 1  i s  u s e d  i n  th i s
s tan d ar d  fo r  ar g o n ,  a n  u n b l e n d e d  i n e r t g as .  T h e  d e s i gn a ti o n
I G- 1 0 0  i s  u s e d  i n  th i s  s tan d a r d  fo r  n i tr o ge n ,  an  u n b l e n d e d
i n e r t g as .  T h e  d e s i g n ati o n  I G -5 5  i s  u s e d  i n  th i s  s tan d ar d  fo r  a
b l e n d  o f two  i n e r t g as e s  — n i tr o ge n  an d  a r go n  ( 5 0  p e r c e n t
e a c h ) .

T h e  c l e an  ag e n ts  i n  Ta b l e  1 . 1 . 1  p o s s e s s  th e  p h ys i c a l  p r o p e r ‐
ti e s  as  d e ta i l e d  i n  Tab l e  A. 1 . 1 . 1 ( a)  th r o u g h  Tab l e  A. 1 . 1 . 1 ( d ) .
T h e s e  d ata wi l l  b e  r e vi s e d  fr o m  ti m e  to  ti m e  as  n e w i n fo r m a‐

ti o n  b e c o m e s  a va i l ab l e .  Ad d i ti o n al  b ac kg r o u n d  i n fo r m a ti o n
an d  d ata o n  th e s e  a ge n ts  c an  b e  fo u n d  i n  s e ve r al  r e fe r e n c e s :
F e r n an d e z  ( 1 9 9 1 ) ,  H an au s ka  ( 1 9 9 1 ) ,  Ro b i n  ( 1 9 9 1 ) ,  an d  S h e i n ‐

s o n  ( 1 9 9 1 ) .

N A. 1 . 2    T h e  ag e n ts  i n  th i s  s ta n d ar d  we r e  i n tr o d u c e d  i n  r e s p o n s e
to  i n te r n ati o n al  r e s tr i c ti o n s  o n  th e  p r o d u c ti o n  o f c e r ta i n  h al o n
fre-extinguishing  a ge n ts  u n d e r  th e  M o n tr e a l  P r o to c o l  s i gn e d
S e p te m b e r  1 6 ,  1 9 8 7 ,  a s  a m e n d e d .

T h e  F i r e  S u p p r e s s i o n  S ys te m s  As s o c i a ti o n  ( F S S A)  h a s
p u b l i s h e d  a Guide to Clean Fire Extinguishing Agents and Their Use

in Fixed Systems,  wh i c h  o ffe r s  a u s e r- fr i e n d l y p r e s e n ta ti o n  o f th e
e s s e n ti al  p r o p e r ti e s  o f th e  a ge n ts .

N A. 1 . 5 . 4 . 1    I t i s  n o t i n te n d e d  th at th e  ap p l i c ati o n  o r  e n fo r c e ‐
m e n t o f th e s e  val u e s  b e  m o r e  p r e c i s e  th an  th e  p r e c i s i o n
e x p r e s s e d .

N A. 1 . 5 . 4 . 2    U s e r s  o f th i s  s tan d ar d  s h o u l d  ap p l y o n e  s ys te m  o f
u n i ts  c o n s i s te n tl y an d  n o t al te r n a te  b e twe e n  u n i ts .

A. 3 . 2 . 1  Ap p ro ve d .    T h e  N a ti o n al  F i r e  P r o te c ti o n  As s o c i a ti o n
d o e s  n o t ap p r o ve ,  i n s p e c t,  o r  c e r ti fy an y i n s ta l l a ti o n s ,  p r o c e ‐

d u r e s ,  e q u i p m e n t,  o r  m ate r i a l s ;  n o r  d o e s  i t ap p r o ve  o r  e va l u ate
te s ti n g l a b o r a to r i e s .  I n  d e te r m i n i n g th e  ac c e p tab i l i ty o f i n s tal l a‐
ti o n s ,  p r o c e d u r e s ,  e q u i p m e n t,  o r  m ate r i a l s ,  th e  au th o r i ty

h avi n g  j u r i s d i c ti o n  m a y b a s e  ac c e p tan c e  o n  c o m p l i an c e  wi th
N F PA o r  o th e r  a p p r o p r i ate  s ta n d ar d s .  I n  th e  ab s e n c e  o f s u c h
s tan d ar d s ,  s ai d  au th o r i ty m a y r e q u i r e  e vi d e n c e  o f p r o p e r  i n s ta l ‐

l ati o n ,  p r o c e d u r e ,  o r  u s e .  T h e  a u th o r i ty h a vi n g j u r i s d i c ti o n
m a y al s o  r e fe r  to  th e  l i s ti n gs  o r  l ab e l i n g p r a c ti c e s  o f an  o r ga n i ‐
z ati o n  th at i s  c o n c e r n e d  wi th  p r o d u c t e val u ati o n s  an d  i s  th u s  i n

a p o s i ti o n  to  d e te r m i n e  c o m p l i an c e  wi th  a p p r o p r i a te  s ta n d ar d s
fo r  th e  c u r r e n t p r o d u c ti o n  o f l i s te d  i te m s .

A. 3 . 2 . 2  Au th o ri ty H avi n g J u ri s d i c ti o n  ( AH J ) .    T h e  p h r a s e
“ a u th o r i ty h avi n g  j u r i s d i c ti o n , ”  o r  i ts  a c r o n ym  AH J ,  i s  u s e d  i n
N F PA d o c u m e n ts  i n  a  b r o ad  m an n e r,  s i n c e  j u r i s d i c ti o n s  an d

ap p r o va l  a ge n c i e s  var y,  a s  d o  th e i r  r e s p o n s i b i l i ti e s .  Wh e r e
p u b l i c  s afe ty i s  p r i m ar y,  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  m a y
b e  a fe d e r al ,  s tate ,  l o c a l ,  o r  o th e r  r e g i o n al  d e p a r tm e n t o r  i n d i ‐

vi d u a l  s u c h  as  a fre  c h i e f;  fre  m a r s h al ;  c h i e f o f a  fre  p r e ve n ‐
ti o n  b u r e a u ,  l ab o r  d e p a r tm e n t,  o r  h e a l th  d e p a r tm e n t;  b u i l d i n g
offcial;  e l e c tr i c a l  i n s p e c to r ;  o r  o th e r s  h avi n g  s tatu to r y au th o r ‐

i ty.  F o r  i n s u r an c e  p u r p o s e s ,  a n  i n s u r a n c e  i n s p e c ti o n  d e p a r t‐
m e n t,  r ati n g  b u r e a u ,  o r  o th e r  i n s u r a n c e  c o m p a n y
r e p r e s e n ta ti ve  m ay b e  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .  I n

m a n y c i r c u m s ta n c e s ,  th e  p r o p e r ty o wn e r  o r  h i s  o r  h e r  d e s i g n a‐
te d  ag e n t a s s u m e s  th e  r o l e  o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n ;
a t g o ve r n m e n t i n s tal l ati o n s ,  th e  c o m m an d i n g  offcer  o r  d e p a r t‐

m e n tal  offcial  m ay b e  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .

A. 3 . 2 . 3  L i s te d .    T h e  m e a n s  fo r  i d e n ti fyi n g l i s te d  e q u i p m e n t
m a y var y fo r  e ac h  o r ga n i z ati o n  c o n c e r n e d  wi th  p r o d u c t e val u a‐

ti o n ;  s o m e  o r g an i z ati o n s  d o  n o t r e c o g n i z e  e q u i p m e n t as  l i s te d
u n l e s s  i t i s  al s o  l ab e l e d .  T h e  au th o r i ty h avi n g  j u r i s d i c ti o n

s h o u l d  u ti l i z e  th e  s ys te m  e m p l o ye d  b y th e  l i s ti n g o r g an i z a ti o n
to  i d e n ti fy a  l i s te d  p r o d u c t.
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Δ Tab l e  A. 1 . 1 . 1 ( a)  P h ys i c al  P ro p e r ti e s  o f H al o c arb o n  Age n ts  ( U . S .  U n i ts )

P h ys i c al  P ro p e r ty U n i ts FI C - 1 3 I 1 FK- 5 - 1 - 1 2
H C FC

B l e n d  A
H FC

B l e n d  B H C FC - 1 2 4 H FC - 1 2 5 H FC - 2 2 7 e a H FC - 2 3 H FC - 2 3 6 fa H B - 5 5

M o l e c u l a r  we i g h t N / A 1 9 5 . 9 3 1 6 . 0 4 9 2 . 9 9 9 . 4 1 3 6 . 5 1 2 0 . 0 1 7 0 7 0 . 0 1 1 5 2 1 8 4 . 7 2
B o i l i n g  p o i n t a t 

7 6 0  m m  H g
° F − 8 . 5 1 2 0 . 2 − 3 7 − 1 4 . 9 1 0 . 5 − 5 4 2 . 4 − 1 1 5 . 6 2 9 . 5 6 9 . 3

F re e z i n g  p o i n t ° F − 1 6 6 − 1 6 2 . 4 1 6 1 − 1 5 3 . 9 − 3 2 6 − 1 5 3 − 2 0 4 − 2 4 7 . 4 − 1 5 3 . 4 − 1 6 1
C ri ti c a l  

te m p e r a tu r e
° F 2 5 2 3 3 5 . 6 2 5 6 2 1 9 . 9 2 5 2 . 5 1 5 0 . 8 2 1 4 7 9 . 1 2 5 6 . 9 3 1 9 . 8

C ri ti c a l  p r e s s u r e p s i 5 8 6 2 7 0 . 4 4 9 6 4 5 8 8 . 9 5 2 7 5 2 5 4 2 4 7 0 0 4 6 4 . 1 4 1 9 . 4
C ri ti c a l  vo l u m e ft3 / l b m 0 . 0 1 8 4 0 . 0 2 5 1 0 . 0 2 8 0 . 0 3 1 0 . 0 2 8 6 0 . 0 2 7 9 0 . 0 2 8 0 0 . 0 3 0 4 0 . 0 2 9 0 5 0 . 0 3 0 7
C r i ti c a l  d e n s i ty l b m / ft3 5 4 . 3 8 3 9 . 9 1 3 6 3 2 . 1 7 3 4 . 9 6 3 5 . 8 1 3 5 . 7 7 3 2 . 8 7 3 4 . 4 2 3 2 . 6
Specifc  h e a t,  

l i q u i d  a t 7 7 ° F
B tu / l b - ° F 0 . 1 4 1 0 . 2 6 3 4 0 . 3 0 . 3 3 9 0 . 2 7 1 0 . 3 5 4 0 . 2 8 1 0 . 9 8 7  

a t 
6 8 ° F

0 . 3 0 1 2 0 . 2 8 0 0

Specifc  h e a t,  
va p o r  at 
c o n s tan t 
p r e s s u r e
( 1  a tm )
an d  7 7 ° F

B tu / l b - ° F 0 . 8 6 0 . 2 1 2 7 0 . 1 6 0 . 2 0 3 0 . 1 8 0 . 1 9 0 . 1 9 3 0 . 1 7 5  
a t 

6 8 ° F

0 . 2 0 1 0 . 2 0 3 3

H e a t o f 
va p o r i z a ti o n  a t 
b o i l i n g  p o i n t

B tu / l b 4 8 . 1 3 7 . 8 9 7 9 3 . 4 7 1 . 3 7 0 . 5 5 6 . 6 1 0 3 6 8 . 9 7 6 2 . 2 3

T h e r m a l  
c o n d u c ti vi ty o f 
l i q u i d  a t 7 7 ° F

B tu / h r-ft-
° F

0 . 0 4 0 . 0 3 4 0 . 0 5 2 0 . 0 4 7 8 0 . 0 3 9 5 0 . 0 3 4 3 0 . 0 3 4 0 . 0 3 0 5 0 . 0 4 2 1 0 . 0 3 9 0

Vi s c o s i ty,  l i q u i d  a t 
7 7 ° F

l b / ft-h r 0 . 4 7 3 1 . 2 7 0 . 5 0 8 0 . 4 8 5 0 . 6 2 2 0 . 3 3 8 0 . 5 7 9 0 . 1 0 7 0 . 6 9 0 6 1 . 2 1 4

Re l a ti ve  d i e l e c tr i c  
s tr e n g th  a t
1  a tm  at 
7 3 4  m m  H g ,  ( N 2  
=  1 )

N / A 1 . 4 1  a t 
7 7 ° F

2 . 3  a t
7 7 ° F

1 . 3 2  a t 
7 7 ° F

1 . 0 1 4  at 
7 7 ° F

1 . 5 5  a t 
7 7 ° F

0 . 9 5 5  
a t 

7 0 ° F

2  at
7 7 ° F

1 . 0 4  a t 
7 7 ° F

1 . 0 1 6 6  a t 
7 7 ° F

N / A

S o l u b i l i ty o f wate r  
i n  a g e n t

wt% 0 . 0 1  a t 
7 0 ° F

< 0 . 0 0 1  
at 

7 0 ° F

0 . 1 2  a t 
7 0 ° F

0 . 1 1  a t 
7 0 ° F

7 7 0  a t
7 7 ° F

7 7 0  at
7 7 ° F

0 . 0 6  a t 
7 0 ° F

5 0 0  a t
5 0 ° F

7 4 0  a t
6 8 ° F

N / A

Tab l e  A. 1 . 1 . 1 ( b )  P h ys i c al  P ro p e r ti e s  o f I n e r t G as  Age n ts  ( U . S .  U n i ts )

P h ys i c al  P ro p e r ty U n i ts I G - 0 1 I G - 1 0 0 I G - 5 4 1 I G - 5 5

M o l e c u l ar  we i g h t N / A 3 9 . 9 2 8 . 0 3 4 . 0 3 3 . 9 5
B o i l i n g p o i n t at 7 6 0  m m  H g ° F − 3 0 2 . 6 − 3 2 0 . 4 − 3 2 0 − 3 1 0 . 2
F r e e z i n g p o i n t ° F − 3 0 8 . 9 − 3 4 6 . 0 − 1 0 9 − 3 2 7 . 5
C r i ti c al  te m p e r a tu r e ° F − 1 8 8 . 1 − 2 3 2 . 4 N / A − 2 1 0 . 5
C r i ti c al  p r e s s u r e p s i a 7 1 1 4 9 2 . 9 N / A 6 0 2
Specifc  h e a t,  va p o r  at c o n s tan t 

p r e s s u r e  ( 1  a tm )  an d  7 7 ° F
B tu / l b  ° F 0 . 1 2 5 0 . 4 4 5 0 . 1 9 5 0 . 1 8 7

H e at o f vap o r i z a ti o n  a t b o i l i n g p o i n t B tu / l b 7 0 . 1 8 5 . 6 9 4 . 7 7 7 . 8
Re l ati ve  d i e l e c tr i c  s tr e n g th  a t

1  atm  a t 7 3 4  m m  H g,  7 7 ° F  ( N 2  =  1 . 0 )
N / A 1 . 0 1 1 . 0 1 . 0 3 1 . 0 1

S o l u b i l i ty o f wate r  i n  ag e n t a t 7 7 ° F N / A 0 . 0 0 6 % 0 . 0 0 1 3 % 0 . 0 1 5 % 0 . 0 0 6 %
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Δ Tab l e  A. 1 . 1 . 1 ( c )  P h ys i c al  P ro p e r ti e s  o f H al o c arb o n  Age n ts  ( S I  U n i ts )

P h ys i c al  P ro p e r ty U n i ts FI C - 1 3 I 1 FK- 5 - 1 - 1 2
H C FC

B l e n d  A
H FC

B l e n d B H C FC - 1 2 4 H FC - 1 2 5 H FC - 2 2 7 e a H FC - 2 3 H FC - 2 3 6 fa H B - 5 5

M o l e c u l a r  we i g h t N / A 1 9 5 . 9 1 3 1 6 . 0 4 9 2 . 9 0 9 9 . 4 1 3 6 . 5 1 2 0 1 7 0 7 0 . 0 1 1 5 2 1 8 4 . 7 2
B o i l i n g  p o i n t at 

7 6 0  m m  H g
° C − 2 2 . 5 4 9 − 3 8 . 3 − 2 6 . 1 − 1 2 . 0 − 4 8 . 1 − 1 6 . 4 − 8 2 . 1 − 1 . 4 2 0 . 7

F re e z i n g  p o i n t ° C − 1 1 0 − 1 0 8 < 1 0 7 . 2 − 1 0 3 − 1 9 8 . 9 − 1 0 2 . 8 − 1 3 1 − 1 5 5 . 2 − 1 0 3 − 1 0 7
C ri ti c al  

te m p e r a tu r e
° C 1 2 2 1 6 8 . 6 6 1 2 4 . 4 1 0 1 . 1 1 2 2 . 6 6 6 1 0 1 . 7 2 6 . 1 1 2 4 . 9 1 5 9 . 2

C ri ti c al  p r e s s u r e k P a 4 0 4 1 1 8 6 5 6 6 4 7 4 0 6 0 3 6 2 0 3 6 1 8 2 9 1 2 4 8 2 8 3 2 0 0 2 8 9 2
C ri ti c al  vo l u m e c c / m o l e 2 2 5 4 9 4 . 5 1 6 2 1 9 8 2 4 3 2 1 0 2 7 4 1 3 3 2 7 6 * 3 5 4 . 2
C ri ti c al  d e n s i ty k g / m 3 8 7 1 6 3 9 . 1 5 7 7 5 1 5 . 3 5 6 0 5 7 4 6 2 1 5 2 7 5 5 1 . 3 5 2 1 . 6
Specifc  h e a t,

l i q u i d  a t 2 5 ° C
k J / kg  - ° C 0 . 5 9 2  at 

2 5 ° C
1 . 1 0 3  at 

2 5 ° C
1 . 2 5 6  at 

2 5 ° C
1 . 4 4  a t 

2 5 ° C
1 . 1 5 3  a t 

2 5 ° C
1 . 4 0 7  a t 

2 5 ° C
1 . 1 8 4  a t 

2 5 ° C
4 . 1 3 0  a t

2 0 ° C
1 . 2 6 4  at 

2 5 ° C
1 . 1 7 1 7

Specifc  h e a t,  vap o r  
a t c o n s ta n t 
p r e s s u r e  ( 1  a tm )  
a n d  2 5 ° C

k J / kg  - ° C 0 . 3 6 1 8  a t 
2 5 ° C

0 . 8 9 1  at 
2 5 ° C

0 . 6 7  a t 
2 5 ° C

0 . 8 4 8  at 
2 5 ° C

0 . 7 4 2  at 
2 5 ° C

0 . 7 9 7  a t 
2 5 ° C

0 . 8 0 8  a t 
2 5 ° C

0 . 7 3 1  a t
2 0 ° C

0 . 8 4 0  a t 
2 5 ° C

0 . 8 5 1 2

H e at o f 
vap o r i z a ti o n  a t 
b o i l i n g  p o i n t

kJ / kg 1 1 2 . 4 8 8 2 2 5 . 6 2 1 7 . 2 1 6 5 . 9 1 6 4 . 1 1 3 2 . 6 2 3 9 . 3 1 6 0 . 4 1 4 4 . 5

T h e r m al  
c o n d u c ti vi ty o f 
l i q u i d  at 2 5 ° C

W/ m  -  ° C 0 . 0 7 0 . 0 5 9 0 . 0 9 0 . 0 8 2 0 . 0 6 8 4 0 . 0 5 9 2 0 . 0 6 9 0 . 0 5 3 4 0 . 0 7 2 9 0 . 0 6 7 5

Vi s c o s i ty,  l i q u i d  a t 
2 5 ° C

c e n ti p o i s e 0 . 1 9 6 0 . 5 2 4 0 . 2 1 0 . 2 0 2 0 . 2 5 7 0 . 1 4 0 . 1 8 4 0 . 0 4 4 0 . 2 8 6 0 . 5 0 2

Re l a ti ve  d i e l e c tr i c  
s tr e n g th  a t
1  a tm  a t
7 3 4  m m  H g
( N 2  =  1 . 0 )

N / A 1 . 4 1  a t 
2 5 ° C

2 . 3  a t 
2 5 ° C

1 . 3 2  a t 
2 5 ° C

1 . 0 1 4  at 
2 5 ° C

1 . 5 5  a t 
2 5 ° C

0 . 9 5 5  a t 
2 1 ° C

2  a t 2 5 ° C 1 . 0 4  a t 
2 5 ° C

1 . 0 1 6 6  a t 
2 5 ° C

N / A

S o l u b i l i ty o f wate r  
i n  ag e n t

p p m 1 . 0 0 6 2 %  
b y 

we i g h t

< 0 . 0 0 1 0 . 1 2 %  b y 
we i g h t

0 . 1 1 %  b y 
we i g h t

7 0 0  a t 
2 5 ° C

7 0 0  a t 
2 5 ° C

0 . 0 6 %  b y 
we i g h t

5 0 0  a t 
1 0 ° C

7 4 0  a t
2 0 ° C

N / A

Tab l e  A. 1 . 1 . 1 ( d )  P h ys i c al  P ro p e r ti e s  o f I n e r t G as  Age n ts  ( S I  U n i ts )

P h ys i c al  P ro p e r ty U n i ts I G - 0 1 I G - 1 0 0 I G - 5 4 1 I G - 5 5

M o l e c u l ar  we i g h t N / A 3 9 . 9 2 8 . 0 3 4 . 0 3 3 . 9 5
B o i l i n g p o i n t at 7 6 0  m m  H g ° C − 1 8 9 . 8 5 − 1 9 5 . 8 − 1 9 6 − 1 9 0 . 1
F r e e z i n g p o i n t ° C − 1 8 9 . 3 5 − 2 1 0 . 0 − 7 8 . 5 − 1 9 9 . 7
C r i ti c al  te m p e r a tu r e ° C − 1 2 2 . 3 − 1 4 6 . 9 N / A − 1 3 4 . 7
C r i ti c al  p r e s s u r e kP a 4 , 9 0 3 3 , 3 9 9 N / A 4 , 1 5 0
Specifc  h e a t,  va p o r  at c o n s tan t 

p r e s s u r e  ( 1  a tm )  an d  2 5 ° C
kJ / kg  ° C 0 . 5 1 9 1 . 0 4 0 . 5 7 4 0 . 7 8 2

H e at o f vap o r i z a ti o n  a t b o i l i n g p o i n t kJ / kg 1 6 3 1 9 9 2 2 0 1 8 1
Re l ati ve  d i e l e c tr i c  s tr e n g th  a t

1  atm  a t 7 3 4  m m  H g,  2 5 ° C  ( N 2  =  1 . 0 )
N / A 1 . 0 1 1 . 0 1 . 0 3 1 . 0 1

S o l u b i l i ty o f wate r  i n  ag e n t a t 2 5 ° C N / A 0 . 0 0 6 % 0 . 0 0 1 3 % 0 . 0 1 5 % 0 . 0 0 6 %
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A. 3 . 3 . 1  Ab o r t S wi tc h .    T h e  e ffe c t o f an  ab o r t s wi tc h  i s  typ i c al l y
a p r o g r am m ab l e  confguration  o f th e  r e l e as i n g  p an e l ,  s u c h  th at
an y o f s e ve r a l  m o d e s  o f o p e r a ti o n  c an  b e  u s e d .  Typ i c al  o p ti o n s
i n c l u d e  th e  fo l l o wi n g:

( 1 ) E n g ag i n g  th e  ab o r t s wi tc h  p au s e s  th e  c o u n td o wn  fo r  a s
l o n g a s  th e  s wi tc h  r e m a i n s  e n ga ge d .  T h e  c o u n td o wn

r e s u m e s  wh e n  th e  s wi tc h  i s  r e l e a s e d .
( 2 ) E n g ag i n g  th e  ab o r t s wi tc h  r e s e ts  th e  ti m e r  to  a p r e d e te r ‐

m i n e d  va l u e  ( e . g . ,  th e  i n i ti al  val u e  o r  3 0  s e c o n d s )  an d
p au s e s  th e  c o u n td o wn  fo r  a s  l o n g  as  th e  s wi tc h  r e m ai n s
e n ga ge d .  T h e  c o u n td o wn  r e s ta r ts  wh e n  th e  s wi tc h  i s
r e l e as e d .

( 3 ) E n g ag i n g  th e  s wi tc h  p e r m i ts  th e  ti m e r  to  c o n ti n u e  c o u n t‐
i n g d o wn  u n ti l  i t r e ac h e s  a p r e d e te r m i n e d  va l u e  ( e . g . ,
1 0  s e c o n d s ) ,  th e n  i t p a u s e s  fo r  as  l o n g as  th e  s wi tc h

r e m a i n s  e n g ag e d .  T h e  c o u n td o wn  r e s u m e s  fr o m  th e
p r e d e te r m i n e d  val u e  wh e n  th e  s wi tc h  i s  r e l e a s e d .

Wh e r e  a n  a b o r t s wi tc h  i s  i n s tal l e d ,  th e  s e l e c te d  m o d e  s h o u l d
b e  ap p r o ve d  b y th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .  (See Section 9. 6
and 1 0. 6. 1 4. )

A. 3 . 3 . 7  C l e an  Age n t.    T h e  wo r d  agent as  u s e d  i n  th i s  d o c u m e n t
m e a n s  c l e a n  ag e n t u n l e s s  o th e r wi s e  i n d i c a te d .

N A. 3 . 3 . 1 0  D e e p - S e ate d  Fi re .    A c h a r ac te r i s ti c  o f th i s  typ e  o f
c o m b u s ti o n  i s  th e  s l o w r a te  o f h e a t l o s s e s  fr o m  th e  r e a c ti o n
z o n e .  T h u s ,  th e  fu e l  r e m ai n s  h o t e n o u gh  to  r e a c t wi th  o x yg e n ,
e ve n  th o u gh  th e  r ate  o f r e ac ti o n ,  wh i c h  i s  c o n tr o l l e d  b y d i ffu ‐
s i o n  p r o c e s s e s ,  i s  e x tr e m e l y s l o w.  D e e p -s e a te d  fres  c an
c o n ti n u e  to  b u r n  fo r  m a n y we e ks ,  fo r  e x am p l e ,  i n  b a l e s  o f
c o tto n  an d  j u te  an d  h e a p s  o f s a wd u s t.  A d e e p -s e ate d  fre  c e as e s
to  b u r n  o n l y wh e n  e i th e r  a l l  th e  avai l a b l e  o x yg e n  o r  fu e l  h a s
b e e n  c o n s u m e d  o r  th e  fu e l  s u r fac e  i s  at to o  l o w a  te m p e r atu r e
to  r e ac t.

A d e e p -s e ate d  fre  i s  n o t s u b j e c t to  i m m e d i ate  e x ti n g u i s h ‐
m e n t.  D e e p -s e a te d  fres  u s u al l y a r e  e x ti n g u i s h e d  b y r e d u c i n g
th e  fu e l  te m p e r a tu r e ,  e i th e r  d i r e c tl y b y ap p l i c a ti o n  o f a h e a t-
ab s o r b i n g  m e d i u m ,  s u c h  as  wate r,  o r  b y b l a n ke ti n g  wi th  an
i n e r t g as .  T h e  m e d i u m  s l o ws  th e  r e ac ti o n  r a te  to  th e  p o i n t
wh e r e  h e at ge n e r a te d  b y o x i d ati o n  i s  l e s s  th an  h e a t l o s s e s  to
s u r r o u n d i n gs .  T h i s  c au s e s  th e  te m p e r a tu r e  to  fal l  b e l o w th e
l e ve l  n e c e s s a r y fo r  s p o n ta n e o u s  i g n i ti o n  afte r  r e m o va l  o f th e
i n e r t a tm o s p h e r e .

Δ A. 3 . 3 . 1 1 . 1  Fi n al  D e s i gn  C o n c e n trati o n  ( FD C ) .    T h e  F D C  i s
e q u al  to  o r  g r e ate r  th an  th e  m i n i m u m  d e s i gn  c o n c e n tr ati o n .

Δ A. 3 . 3 . 1 1 . 3  M i n i m u m  D e s i gn  C o n c e n trati o n  ( M D C ) .    T h i s  te r m
i s  a l s o  r e fe r r e d  to  as  s i m p l y design concentration th r o u gh o u t th i s
d o c u m e n t.  Wh e n  d e te r m i n i n g  th e  d u r a ti o n  o f p r o te c ti o n  i t i s
8 5  p e r c e n t o f th e  M D C  th a t m u s t b e  h e l d  fo r  th e  d u r ati o n  o f
th e  r e te n ti o n  ti m e  (see Section 7. 4).

N A. 3 . 3 . 1 1 . 4  M i n i m u m  E x ti n gu i s h i n g C o n c e n trati o n  ( M E C ) .    F o r
C l a s s  C  fres  wh e r e  th e  p r o te c te d  e q u i p m e n t i s  e n e r g i z e d  a t l e s s
th a n  4 8 0  vo l ts ,  th e  M E C  i s  take n  to  b e  th e  C l as s  A M E C .

A. 3 . 3 . 1 7  H al o c arb o n  Age n t.    E x am p l e s  ar e  hydrofuorocar‐
bons  ( H F C s ) ,  hydrochlorofuorocarbons  ( H C F C s ) ,  perfuoro‐
carbons  ( P F C s  o r  F C s ) ,  fuoroiodocarbons  ( F I C s ) ,  an d
fuoroketones  ( F Ks ) .

N A. 3 . 3 . 1 8  I m p ai r m e n t.    Te m p o r a r i l y s h u tti n g  d o wn  a c l e a n
ag e n t s ys te m  a s  p a r t o f p e r fo r m i n g th e  r o u ti n e  i n s p e c ti o n ,  te s t‐

i n g,  a n d  m ai n te n an c e  o n  th a t s ys te m  wh i l e  u n d e r  c o n s ta n t
atte n d an c e  b y qualifed  p e r s o n n e l ,  a n d  wh e r e  th e  s ys te m  c a n
b e  r e s to r e d  to  s e r vi c e  q u i c kl y,  s h o u l d  n o t b e  c o n s i d e r e d  a n

i m p ai r m e n t.

A. 3 . 3 . 3 1  N o r m al l y O c c u p i e d  E n c l o s u re  o r S p ac e .    Ar e a s
c o n s i d e r e d  n o t n o r m al l y o c c u p i e d  i n c l u d e  s p a c e s  o c c a s i o n al l y

vi s i te d  b y p e r s o n n e l ,  s u c h  as  tr a n s fo r m e r  b ays ,  s wi tc h  h o u s e s ,
p u m p  r o o m s ,  vau l ts ,  e n gi n e  te s t s ta n d s ,  c ab l e  tr a ys ,  tu n n e l s ,

m i c r o wa ve  r e l a y s tati o n s ,  fammable  l i q u i d  s to r ag e  ar e a s ,  an d
e n c l o s e d  e n e r gy s ys te m s .

A. 4 . 2    C l e a n  ag e n t fre- e x ti n g u i s h i n g s ys te m s  ar e  u s e fu l  wi th i n
th e  l i m i ts  o f th i s  s tan d a r d  fo r  e x ti n gu i s h i n g  fres  i n  specifc
h a z ar d s  o r  e q u i p m e n t an d  i n  o c c u p an c i e s  wh e r e  an  e l e c tr i c al l y

n o n c o n d u c ti ve  m e d i u m  i s  e s s e n ti al  o r  d e s i r ab l e  o r  wh e r e
c l e an u p  o f o th e r  m e d i a p r e s e n ts  a  p r o b l e m .

To tal -fooding  c l e a n  ag e n t fre-e x ti n gu i s h i n g  s ys te m s  a r e
u s e d  p r i m a r i l y to  p r o te c t h az ar d s  th at ar e  i n  e n c l o s u r e s  o r
e q u i p m e n t th a t,  i n  i ts e l f,  i n c l u d e s  an  e n c l o s u r e  to  c o n tai n  th e

ag e n t.  S o m e  typ i c a l  h a z a r d s  th a t c o u l d  b e  s u i tab l e  i n c l u d e ,  b u t
a r e  n o t l i m i te d  to ,  th e  fo l l o wi n g:

( 1 ) E l e c tr i c al  an d  e l e c tr o n i c  h az ar d s
( 2 ) Subfoors  an d  o th e r  c o n c e a l e d  s p a c e s
( 3 ) F l am m ab l e  a n d  c o m b u s ti b l e  l i q u i d s  an d  g as e s
( 4 ) O th e r  h i gh - va l u e  a s s e ts
( 5 ) Te l e c o m m u n i c a ti o n s  fac i l i ti e s

C l e a n  a ge n t s ys te m s  c o u l d  a l s o  b e  u s e d  fo r  e x p l o s i o n  p r e ve n ‐
ti o n  a n d  s u p p r e s s i o n  wh e r e  fammable  m ate r i a l s  c o u l d  c o l l e c t
i n  confned  ar e as .

•
A. 4 . 2 . 3    T h i s  p r o vi s i o n  p r o vi d e s  c o n s i d e r ati o n  fo r  u s i n g a c l e a n
ag e n t i n  a n  e n vi r o n m e n t th at c o u l d  r e s u l t i n  an  i n o r d i n ate
am o u n t o f p r o d u c ts  o f d e c o m p o s i ti o n  ( e . g. ,  wi th i n  an  o ve n ) .

N A. 4 . 2 . 4    I n fo r m ati o n  c an  b e  fo u n d  i n  th e  fo l l o wi n g r e fe r e n c e s :

( 1 ) B r i a n  P.  Raws o n  an d  Ke n t C .  Gr e e n ,  “ I n e r t Gas  D ata
C e n te r  F i r e  P r o te c ti o n  an d  H a r d  D i s k D r i ve  D am ag e , ”
Data Center Journal,  Au g u s t 2 7 ,  2 0 1 2  ( h ttp : / / www. d a ta c e n ‐
terjournal.com/it/inert-gas-data-center-fre-protection-
and-hard-disk-drive-damage/) .

( 2 ) E u r o fe u ,  “ F i x e d  E x ti n gu i s h i n g  I n s tal l ati o n  S e c ti o n ,  Gu i d ‐
a n c e  p ap e r  o n  I m p ac t o f n o i s e  o n  C o m p u te r  h a r d  d r i ve s , ”
O c to b e r  2 0 1 2 .

( 3 ) F S S A Wh i te  P ap e r,  “ E ffe c t o f S o u n d  Wa ve s  o n  D ata S to r ‐
ag e  D e vi c e s , ”  F i r e  S u p p r e s s i o n  S ys te m s  As s o c i a ti o n ,  B al ti ‐
m o r e ,  M D ,  2 0 1 8 .

( 4 ) J u a n  J o s e  M e r l o  L a to r r e ,  “ H ar d  D r i ve  D a m a ge , ”  Industrial
Fire Journal,  Au tu m n  2 0 1 3 ,  i s s u e  n o .  9 3 ,  p p  1 2 –1 4 .

( 5 ) S an d ah l ,  D . ,  A.  E l d e r,  an d  A.  B ar n a r d ,  “ I m p ac t o f S o u n d
o n  C o m p u te r  H a r d  D i s k D r i ve s  a n d  Ri s k M i ti g ati o n  M e as ‐

u r e s , ”  J o h n s o n  C o n tr o l s  F o r m  N o .  T-2 0 1 6 3 6 7 -0 1 ,  2 0 1 8 .
( 6 ) S e c ti o n  D . 3  o f N F PA 7 5 .
( 7 ) S i e m e n s  Wh i te  P a p e r,  “ P o te n ti al  d am ag e  to  h ar d  d i s k

d r i ve s  d u r i n g  d i s c h ar g e s  o f d r y e x ti n gu i s h i n g  s ys te m s , ”
S i e m e n s ,  S e p te m b e r  2 0 1 2 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2001-38

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

A.4.3    P o te n ti a l  h az ar d s  to  b e  c o n s i d e r e d  fo r  i n d i vi d u al  s ys te m s
ar e  th e  fo l l o wi n g:

( 1 ) Noise.  D i s c h ar g e  o f a s ys te m  c an  c a u s e  n o i s e  l o u d  e n o u g h
to  b e  s ta r tl i n g  b u t o r d i n ar i l y insuffcient to  c au s e  tr a u ‐
m a ti c  i n j u r y.

( 2 ) Turbulence.  H i gh -ve l o c i ty d i s c h ar g e  fr o m  n o z z l e s  c o u l d  b e
suffcient to  d i s l o d ge  s u b s ta n ti al  o b j e c ts  d i r e c tl y i n  th e
p ath .  S ys te m  d i s c h a r ge  c an  c a u s e  e n o u g h  g e n e r al  tu r b u ‐

l e n c e  i n  th e  e n c l o s u r e s  to  m o ve  u n s e c u r e d  p ap e r  an d
l i g h t o b j e c ts .

( 3 ) Cold temperature.  D i r e c t c o n tac t wi th  th e  vap o r i z i n g l i q u i d
b e i n g d i s c h ar g e d  fr o m  a s ys te m  wi l l  h ave  a s tr o n g  c h i l l i n g
e ffe c t o n  o b j e c ts  an d  c a n  c a u s e  fr o s tb i te  b u r n s  to  th e  s ki n .
T h e  l i q u i d  p h a s e  vap o r i z e s  r a p i d l y wh e n  m i x e d  wi th  ai r
an d  th u s  l i m i ts  th e  h a z a r d  to  th e  i m m e d i a te  vi c i n i ty o f th e
d i s c h ar g e  p o i n t.  I n  h u m i d  a tm o s p h e r e s ,  m i n o r  r e d u c ti o n

i n  vi s i b i l i ty c an  o c c u r  fo r  a b r i e f p e r i o d  d u e  to  th e
c o n d e n s a ti o n  o f wate r  vap o r.

A.4.3.1    T h e  d i s c h ar g e  o f c l e an  ag e n t s ys te m s  to  e x ti n g u i s h  a
fre  c o u l d  c r e a te  a  h az ar d  to  p e r s o n n e l  fr o m  th e  n atu r a l  fo r m
o f th e  c l e an  ag e n t o r  fr o m  th e  p r o d u c ts  o f d e c o m p o s i ti o n  th a t
r e s u l t fr o m  e x p o s u r e  o f th e  a ge n t to  th e  fre  o r  h o t s u r fac e s .
U n n e c e s s a r y e x p o s u r e  o f p e r s o n n e l  e i th e r  to  th e  n a tu r al  ag e n t
o r  to  th e  d e c o m p o s i ti o n  p r o d u c ts  s h o u l d  b e  avo i d e d .

T h e  S N AP  P r o gr a m  wa s  o r i g i n a l l y o u tl i n e d  i n  th e  Federal
Register,  “ E PA S N AP  P r o gr a m . ”

•
N A.4.3.2    S e e  S e c ti o n  B . 1  fo r  i n fo r m ati o n  o n  th e  to x i c o l o g i c al

e ffe c ts  o f h al o c a r b o n  ag e n ts .

N A.4.3.2.3    O n e  o b j e c ti ve  o f p r e -d i s c h a r ge  al ar m s  a n d  ti m e
d e l a ys  i s  to  p r e ve n t h u m an  e x p o s u r e  to  ag e n ts .

N A.4.3.3    S e e  S e c ti o n  B . 2  fo r  i n fo r m a ti o n  o n  th e  p h ys i o l o g i c al
e ffe c ts  o f i n e r t ga s  a ge n ts .

N A.4.3.3.3    O n e  o b j e c ti ve  o f p r e -d i s c h a r ge  al ar m s  a n d  ti m e
d e l a ys  i s  to  p r e ve n t h u m an  e x p o s u r e  to  ag e n ts .

A.4.3.4    M a n y s tu d i e s  h a ve  b e e n  c o n d u c te d  an d  te c h n i c al  gu i d ‐
a n c e  h as  b e e n  p u b l i s h e d  r e ga r d i n g  o c c u p a n t e g r e s s  ti m e
p r e d i c ti o n .  O n e  s o u r c e  o f s u c h  i n fo r m ati o n  i s  th e  SFPE Hand‐

book of Fire Protection Engineering,  5 th  e d i ti o n .  Var i o u s
a p p r o a c h e s  ar e  d e s c r i b e d ,  wh i c h  c an  b e  u s e d  b y th e  d e s i gn e r
to  c al c u l ate  th e  avai l ab l e  s a fe  e g r e s s  ti m e  ( AS E T )  fr o m  a s p a c e

p r o te c te d  b y a c l e a n  a ge n t e x ti n g u i s h i n g s ys te m .  T h e  AS E T
val u e  c an  th e n  b e  c o m p ar e d  to  r e q u i r e d  s a fe  e g r e s s  ti m e
( RS E T ) ,  wh i c h  i s  th e  m ax i m u m  al l o we d  e x p o s u r e  ti m e  l i m i t i n

4 . 3 . 2  an d  4 . 3 . 3 .  T h e  AS E T  va l u e  s h o u l d  b e  l e s s  th a n  th e  RS E T
val u e .  I f th e  AS E T  val u e  i s  i n i ti al l y d e te r m i n e d  to  b e  e q u al  to  o r

e x c e e d  th e  RS E T  val u e ,  e gr e s s  fac i l i ti e s  s h o u l d  b e  modifed  s o
th a t th e  AS E T  val u e  i s  l e s s  th a n  th e  RS E T  va l u e .  Al te r n ati ve l y,

a n  e g r e s s  s tu d y i n vo l vi n g th e  ti m e  r e c o r d i n g  o f a n  ac tu a l  e g r e s s
s i m u l a ti o n  i n  th e  p r o te c te d  s p ac e  i s  c o n s i d e r e d  an  ac c e p tab l e

m e a n s  o f ve r i fyi n g c o m p l i a n c e  wi th  th e  m a x i m u m  al l o we d
e x p o s u r e  ti m e  l i m i ts .

A.4.3.5    T h e  s te p s  a n d  s afe g u ar d s  n e c e s s ar y to  p r e ve n t i n j u r y
o r  d e ath  to  p e r s o n n e l  i n  a r e as  wh o s e  atm o s p h e r e s  wi l l  b e  m ad e
h a z a r d o u s  b y th e  d i s c h a r ge  o r  th e r m al  d e c o m p o s i ti o n  o f c l e an

ag e n ts  c an  i n c l u d e  th e  fo l l o wi n g :

( 1 ) P r o vi s i o n  o f a d e q u a te  ai s l e ways  an d  r o u te s  o f e x i t an d
p r o c e d u r e s  to  ke e p  th e m  c l e a r  at a l l  ti m e s .

( 2 ) P r o vi s i o n  o f e m e r g e n c y l i g h ti n g a n d  d i r e c ti o n al  s i gn s  a s
n e c e s s ar y to  e n s u r e  q u i c k,  s afe  e va c u ati o n .

( 3 ) P r o vi s i o n  o f a l a r m s  wi th i n  s u c h  a r e as  th at wi l l  o p e r a te
i m m e d i a te l y u p o n  d e te c ti o n  o f th e  fre.

( 4 ) P r o vi s i o n  o f o n l y o u twa r d -s wi n gi n g,  s e l f-c l o s i n g  d o o r s  a t
e x i ts  fr o m  h a z a r d o u s  a r e as  an d ,  wh e r e  s u c h  d o o r s  a r e
l atc h e d ,  p r o vi s i o n  o f p a n i c  h ar d war e .

( 5 ) P r o vi s i o n  o f c o n ti n u o u s  al ar m s  at e n tr a n c e s  to  s u c h
a r e as  u n ti l  th e  atm o s p h e r e  h a s  b e e n  r e s to r e d  to  n o r m a l .

( 6 ) P r o vi s i o n  o f wa r n i n g  an d  i n s tr u c ti o n  s i gn s  a t e n tr a n c e s
to  an d  i n s i d e  s u c h  ar e a s .  T h e s e  s i g n s  s h o u l d  i n fo r m

p e r s o n s  i n  o r  e n te r i n g th e  p r o te c te d  ar e a  th at a c l e a n
ag e n t s ys te m  i s  i n s ta l l e d  a n d  s h o u l d  c o n tai n  a d d i ti o n al
i n s tr u c ti o n s  p e r ti n e n t to  th e  c o n d i ti o n s  o f th e  h az ar d .

( 7 ) P r o vi s i o n  fo r  th e  p r o m p t d i s c o ve r y an d  r e s c u e  o f
p e r s o n s  r e n d e r e d  u n c o n s c i o u s  i n  s u c h  a r e as .  T h i s
s h o u l d  b e  ac c o m p l i s h e d  b y h a vi n g s u c h  ar e a s  s e ar c h e d

i m m e d i a te l y b y tr ai n e d  p e r s o n n e l  e q u i p p e d  wi th  p r o p e r
b r e a th i n g e q u i p m e n t.  S e l f-c o n tai n e d  b r e ath i n g  e q u i p ‐

m e n t a n d  p e r s o n n e l  tr a i n e d  i n  i ts  u s e  a n d  i n  r e s c u e
p r ac ti c e s ,  i n c l u d i n g artifcial  r e s p i r ati o n ,  s h o u l d  b e  r e a d ‐

i l y avai l ab l e .
( 8 ) P r o vi s i o n  o f i n s tr u c ti o n  an d  d r i l l s  fo r  al l  p e r s o n n e l

wi th i n  o r  i n  th e  vi c i n i ty o f s u c h  ar e as ,  i n c l u d i n g  m ai n te ‐
n an c e  o r  c o n s tr u c ti o n  p e o p l e  wh o  c o u l d  b e  b r o u g h t

i n to  th e  a r e a,  to  e n s u r e  th e i r  c o r r e c t ac ti o n  wh e n  a  c l e an
a ge n t s ys te m  o p e r a te s .

( 9 ) P r o vi s i o n  o f m e a n s  fo r  p r o m p t ve n ti l a ti o n  o f s u c h  ar e a s .
F o r c e d  ve n ti l a ti o n  wi l l  o fte n  b e  n e c e s s a r y.  C a r e  s h o u l d

b e  take n  to  r e a d i l y d i s s i p ate  h a z a r d o u s  a tm o s p h e r e s  an d
n o t m e r e l y m o ve  th e m  to  an o th e r  l o c a ti o n .

( 1 0 ) P r o h i b i ti o n  a ga i n s t s m o ki n g  b y p e r s o n s  u n ti l  th e  atm o s ‐
p h e r e  h as  b e e n  d e te r m i n e d  to  b e  fr e e  o f th e  c l e an
a ge n t.

( 1 1 ) P r o vi s i o n  o f s u c h  o th e r  s te p s  an d  s a fe g u a r d s  th a t a c ar e ‐
fu l  s tu d y o f e a c h  p a r ti c u l a r  s i tu a ti o n  i n d i c ate s  i s  n e c e s ‐
s a r y to  p r e ve n t i n j u r y o r  d e ath .

A.4.3.6    A c e r tai n  am o u n t o f l e a ka ge  fr o m  a p r o te c te d  s p ac e  to
ad j a c e n t ar e a s  i s  a n ti c i p a te d  d u r i n g a n d  fo l l o wi n g  ag e n t

d i s c h ar g e .  C o n s i d e r ati o n  s h o u l d  b e  gi ve n  to  a ge n t c o n c e n tr a‐
ti o n  ( wh e n  a b o ve  N O AE L ) ,  d e c o m p o s i ti o n  p r o d u c ts ,  p r o d u c ts

o f c o m b u s ti o n ,  a n d  r e l ati ve  s i z e  o f a d j ac e n t s p ac e s .  Ad d i ti o n al
c o n s i d e r ati o n  s h o u l d  b e  gi ve n  to  e x h au s t p ath s  wh e n  o p e n i n g
o r  ve n ti n g th e  e n c l o s u r e  a fte r  a d i s c h a r ge .

N A.4.3.7    I n  a p p l yi n g th i s  p r o vi s i o n  o f th e  s tan d ar d ,  i t i s  i m p o r ‐
tan t to  u n d e r s tan d  th e  r e l ati o n s h i p  b e twe e n  ag e n t c o n c e n tr a‐

ti o n  an d  e g r e s s  ti m e .  T h e  a ge n t c o n c e n tr ati o n  p e r m i tte d  fo r
h u m an  e x p o s u r e  i s  l i n ke d  to  th e  am o u n t o f ti m e  fo r  wh i c h  a
p e r s o n  c o u l d  b e  e x p o s e d  to  th e  a ge n t c o n c e n tr ati o n .  F o r

e x a m p l e ,  e x p o s u r e  to  a n  H F C -2 2 7 e a c o n c e n tr a ti o n  u p  to  an d
i n c l u d i n g  1 0 . 5  p e r c e n t i s  p e r m i tte d  i f th e  m ax i m u m  e x p o s u r e
ti m e  ( e g r e s s  ti m e )  i s  l i m i te d  to  n o t m o r e  th a n  5  m i n u te s ,  b u t

e x p o s u r e  to  a c o n c e n tr a ti o n  o f 1 1  p e r c e n t wo u l d  b e  p e r m i tte d
o n l y i f th e  e x p o s u r e  ti m e  c o u l d  b e  l i m i te d  to  n o t m o r e  th an
1 . 1 3  m i n u te s .  S i m i l ar l y,  e x p o s u r e  to  an  i n e r t ga s  a ge n t c o n c e n ‐

tr a ti o n  u p  to  4 3  p e r c e n t i s  p e r m i tte d  i f th e  e x p o s u r e  ti m e  i s
l i m i te d  to  n o t m o r e  th an  5  m i n u te s ,  wh i l e  e x p o s u r e  to  a
c o n c e n tr a ti o n  u p  to  5 2  p e r c e n t i s  p e r m i tte d  o n l y i f th e  e x p o ‐

s u r e  ti m e  i s  l i m i te d  to  n o t m o r e  th a n  3  m i n u te s .
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A. 4 . 3 . 7 . 1    I n e r t ga s e s  u s e d  to  o p e r ate  p r e -d i s c h ar g e  al a r m s
i n c l u d e  i n e r t ga s  c l e a n  ag e n ts ,  n i tr o g e n ,  an d  c ar b o n  d i o x i d e .

A. 4 . 5 . 5    E l e c tr o s ta ti c  c h a r gi n g o f u n g r o u n d e d  c o n d u c to r s
c o u l d  o c c u r  d u r i n g  th e  d i s c h a r ge  o f liquefed  g as e s .  T h e s e
c o n d u c to r s  c o u l d  d i s c h a r ge  to  o th e r  o b j e c ts ,  c a u s i n g  a n  e l e c ‐
tr i c  ar c  o f suffcient e n e r gy to  i n i ti ate  a n  e x p l o s i o n .

Wh i l e  a n  a ttr ac ti ve  fe a tu r e  o f th e s e  a ge n ts  i s  th e i r  s u i tab i l i ty
fo r  u s e  i n  e n vi r o n m e n ts  c o n ta i n i n g  e n e r gi z e d  e l e c tr i c al  e q u i p ‐
m e n t wi th o u t d a m a gi n g th at e q u i p m e n t,  i n  s o m e  i n s ta n c e s  th e
e l e c tr i c a l  e q u i p m e n t c o u l d  b e  th e  s o u r c e  o f i gn i ti o n .  I n  s u c h
c a s e s ,  th e  e n e r g i z e d  e q u i p m e n t s h o u l d  b e  d e -e n e r gi z e d  p r i o r
to  o r  d u r i n g ag e n t d i s c h ar g e .

S e e  N F PA 7 7 .

A. 4 . 6    M a n y fa c to r s  i m p ac t th e  e n vi r o n m e n tal  a c c e p ta b i l i ty o f
a fre  s u p p r e s s i o n  ag e n t.  U n c o n tr o l l e d  fres  p o s e  signifcant
i m p ac t b y th e m s e l ve s .  Al l  e x ti n g u i s h i n g  a ge n ts  s h o u l d  b e  u s e d
i n  ways  th a t e l i m i n ate  o r  m i n i m i z e  th e  p o te n ti a l  e n vi r o n m e n tal
i m p a c t (see Table A. 4. 6).  Ge n e r a l  g u i d e l i n e s  to  b e  fo l l o we d  to
m i n i m i z e  th i s  i m p ac t i n c l u d e  th e  fo l l o wi n g:

( 1 ) N o t p e r fo r m i n g u n n e c e s s ar y d i s c h ar g e  te s ti n g
( 2 ) C o n s i d e r i n g th e  o z o n e  d e p l e ti o n  an d  g l o b al  wa r m i n g

i m p ac t o f th e  ag e n t u n d e r  c o n s i d e r a ti o n  an d  we i gh i n g
th o s e  i m p a c ts  ag ai n s t th e  fre  s afe ty c o n c e r n s

( 3 ) Re c yc l i n g  al l  ag e n ts  wh e r e  p o s s i b l e
( 4 ) C o n s u l ti n g  th e  m o s t r e c e n t e n vi r o n m e n ta l  r e g u l ati o n s  o n

e ac h  ag e n t

T h e  u n n e c e s s ar y e m i s s i o n  o f c l e a n  e x ti n g u i s h i n g a ge n ts  wi th
n o n -z e r o  O D P,  n o n -z e r o  GWP,  o r  b o th  s h o u l d  b e  avo i d e d .  Al l
p h as e s  o f d e s i g n ,  i n s tal l ati o n ,  te s ti n g,  a n d  m a i n te n an c e  o f
s ys te m s  u s i n g  th e s e  ag e n ts  s h o u l d  b e  p e r fo r m e d  wi th  th e  g o al
o f n o  e m i s s i o n  i n to  th e  e n vi r o n m e n t.

G WP  i s  a m e as u r e  o f h o w m u c h  a g i ve n  m as s  o f gr e e n h o u s e
ga s  i s  e s ti m a te d  to  c o n tr i b u te  to  g l o b al  war m i n g .  I t i s  a r e l ati ve
s c a l e  th a t c o m p ar e s  th e  ga s  i n  q u e s ti o n  to  th e  s am e  m a s s  o f
c a r b o n  d i o x i d e  wh o s e  G WP  i s  b y c o n ve n ti o n  e q u al  to  1 .

I t i s  i m p o r ta n t to  u n d e r s tan d  th at th e  i m p ac t o f a  ga s  o n
c l i m ate  c h an g e  i s  a  fu n c ti o n  o f b o th  th e  GWP  o f th e  ga s  an d
th e  am o u n t o f th e  g as  e m i tte d .

T h e  O D P  o f an  ag e n t p r o vi d e s  a r e l ati ve  c o m p a r i s o n  o f th e
ab i l i ty to  r e a c t wi th  o z o n e  a t a l ti tu d e s  wi th i n  th e  s tr ato s p h e r e .
O D P  va l u e s  ar e  r e p o r te d  r e l ati ve  to  th e  s am e  m a s s  C F C - 1 1 ,
wh i c h  h a s  an  O D P  e q u al  to  1 .  Wh e n  th e  e n vi r o n m e n tal  profle
o f a  c o m p o u n d  i s  c o n s i d e r e d ,  b o th  th e  O D P  an d  th e  GWP
va l u e s  s h o u l d  b e  c o n s i d e r e d  to  e n s u r e  th at th e  a ge n t s e l e c te d
c o m p l i e s  wi th  al l  l o c a l  an d  r e gi o n al  r e gu l a ti o n s  b a l a n c e d  wi th
e n d  u s e r  specifcations.  Go o d  i n d e p e n d e n t r e s o u r c e s  fo r  e n vi ‐
r o n m e n tal  p r o p e r ti e s  i n  te r m s  o f GWP  a n d  O D P  o f c l e a n  ag e n t
al te r n ati ve s  ar e  a va i l ab l e  fr o m  th e  M o n tr e a l  P r o to c o l  an d  th e
I n te r go ve r n m e n ta l  P a n e l  o n  C l i m a te  C h an g e  ( I P C C ) .

A. 4 . 8 . 1    I t i s  ge n e r a l l y b e l i e ve d  th at,  b e c au s e  o f th e  h i gh l y
s tab l e  n atu r e  o f th e  c o m p o u n d s  th at a r e  d e r i ve d  fr o m  th e  fam i ‐
l i e s  th a t i n c l u d e  h a l o g e n ate d  h yd r o c a r b o n s  an d  i n e r t g as e s ,
i n c o m p ati b i l i ty wi l l  n o t b e  a p r o b l e m .  T h e s e  m a te r i al s  te n d  to
b e h a ve  i n  a  s i m i l ar  fa s h i o n ,  an d ,  as  far  as  i s  kn o wn ,  th e  r e ac ‐
ti o n s  th at c o u l d  o c c u r  as  th e  r e s u l t o f th e  m i x i n g  o f th e s e  m a te ‐
ri al s  wi th i n  th e  c o n tai n e r  i s  n o t th o u g h t to  b e  a  r e al
c o n s i d e r ati o n  wi th  r e ga r d  to  th e i r  a p p l i c a ti o n  to  a fre  p r o te c ‐
ti o n  h a z a r d .

I t c l e ar l y i s  n o t th e  i n te n t o f 4 . 8 . 1  to  d e a l  wi th  c o m p ati b i l i ty
o f th e  ag e n ts  wi th  c o m p o n e n ts  o f th e  e x ti n g u i s h i n g h ar d war e

n o r  to  d e a l  wi th  th e  s u b j e c t o f s to r a b i l i ty o r  s to r ag e  l i fe  o f i n d i ‐
vi d u a l  a ge n ts  o r  m i x tu r e s  o f th o s e  a ge n ts .  E a c h  o f th e s e

c o n c e r n s  i s  a d d r e s s e d  e l s e wh e r e  i n  th i s  s tan d ar d .

A. 5 . 1 . 1 . 2    An  ad d i ti o n a l  c o m p l e m e n t o f c h a r ge d  c yl i n d e r s
( c o n n e c te d  r e s e r ve )  m a n i fo l d e d  an d  p i p e d  to  fe e d  i n to  th e

au to m ati c  s ys te m  s h o u l d  b e  c o n s i d e r e d  o n  al l  i n s ta l l a ti o n s .  T h e
r e s e r ve  s u p p l y i s  n o r m a l l y ac tu ate d  b y m an u a l  o p e r ati o n  o f th e

m a i n / r e s e r ve  s wi tc h  o n  e i th e r  e l e c tr i c al l y o p e r a te d  o r  p n e u ‐
m a ti c al l y o p e r ate d  s ys te m s .  A c o n n e c te d  r e s e r ve  i s  d e s i r a b l e  fo r
th e  fo l l o wi n g r e as o n s :

( 1 ) I t p r o vi d e s  p r o te c ti o n  s h o u l d  a refash  o c c u r.
( 2 ) I t p r o vi d e s  r e l i ab i l i ty s h o u l d  th e  m ai n  b a n k m al fu n c ti o n .
( 3 ) I t p r o vi d e s  p r o te c ti o n  d u r i n g i m p a i r e d  p r o te c ti o n  wh e n

m a i n  tan ks  a r e  b e i n g r e p l ac e d .
( 4 ) I t p r o vi d e s  p r o te c ti o n  o f o th e r  h az ar d s  i f s e l e c to r  va l ve s

a r e  i n vo l ve d  a n d  m u l ti p l e  h az ar d s  a r e  p r o te c te d  b y th e
s a m e  s e t o f c yl i n d e r s .

I f a fu l l  c o m p l e m e n t o f c h ar g e d  c yl i n d e r s  c an n o t b e
o b tai n e d  o r  i f th e  e m p ty c yl i n d e r  c a n n o t b e  r e c h ar g e d ,  d e l i v‐
e r e d ,  an d  r e i n s tal l e d  wi th i n  2 4  h o u r s ,  a  th i r d  c o m p l e m e n t o f

fu l l y c h ar g e d ,  n o n c o n n e c te d  s p a r e  c yl i n d e r s  s h o u l d  b e  c o n s i d ‐
e r e d  an d  m ad e  avai l ab l e  o n  th e  p r e m i s e s  fo r  e m e r ge n c y u s e .
T h e  n e e d  fo r  s p ar e  c yl i n d e r s  c o u l d  d e p e n d  o n  wh e th e r  th e

h a z a r d  i s  u n d e r  th e  p r o te c ti o n  o f a u to m a ti c  s p r i n kl e r s .

Δ Tab l e  A. 4 . 6  P o te n ti al  E n vi ro n m e n tal  I m p ac ts

Age n t
G WP

( I P C C  2 0 1 3 ) O D P

F I C -1 3 I 1 ≤ 1 0 *

F K- 5 -1 -1 2 < 1 0

H C F C  B l e n d  A 1 5 0 0 0 . 0 4 8

H F C  B l e n d  B 1 4 0 0 0

H C F C -1 2 4 5 2 7 0 . 0 2 2

H F C -1 2 5 3 1 7 0 0

H F C -2 2 7 e a 3 3 5 0 0

H F C -2 3 1 2 , 4 0 0 0

H F C -2 3 6 fa 8 0 6 0 0

I G- 0 1 0 0

I G- 1 0 0 0 0

I G- 5 4 1 0 0

I G- 5 5 0 0

H B -5 5 1 0 . 0 0 0

N o te :  GWP  i s  r e p o r te d  o ve r  a  1 0 0 - ye a r  i n te g r ate d  ti m e  h o r i z o n .
* Ag e n t m i g h t h a ve  a  n o n -z e r o  O D P  i f r e l e a s e d  a t al ti tu d e s  h i g h  a b o ve
g r o u n d  l e ve l .
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A.5.1 .2    T h e  n o r m al  an d  a c c e p te d  p r o c e d u r e s  fo r  m a ki n g
th e s e  q u al i ty m e as u r e m e n ts  ar e  p r o vi d e d  i n  i n te r n ati o n al
s tan d ar d s  ( e . g. ,  AS T M ,  Ai r-c o n d i ti o n i n g  H e ati n g  a n d  Re fr i g e r a‐
ti o n  I n s ti tu te )  o r  b y th e  c h e m i c a l  m a n u fac tu r e r.  Re fe r  to  th e
Code of Practice for Use of Recycled Halogenated Clean Agents fo r
ad d i ti o n al  i n fo r m a ti o n .

N A.5.1 .2.3    T h e  N F PA 2 0 0 1  p u r i ty specifcations  an d  c a r d i a c
s e n s i ti z a ti o n  N O AE L  h e l p  to  a d d r e s s  th e  s a fe ty o f ag e n ts  i n c l u ‐
d e d  i n  th e  s tan d ar d .  H i s to r i c al l y,  th e  u n s tate d  s afe ty as s u m p ‐
ti o n s  h ave  b e e n  a s  fo l l o ws :

( 1 ) T h e  N O AE L  fo r  c a r d i a c  s e n s i ti z ati o n  wi l l  b e  p r o te c ti ve
fo r  al l  o th e r  e n d  p o i n ts  o f ac u te  to x i c i ty.

( 2 ) 9 9  p e r c e n t p u r i ty p r e c l u d e s  th e  p r e s e n c e  o f i m p u r i ti e s
th at c o u l d  i m p ac t th e  N O AE L  fo r  ag e n t ac u te  to x i c i ty.

H o we ve r,  th e r e  a r e  s o m e  i m p u r i ti e s  th a t,  wh e n  p r e s e n t a t
l e s s  th an  1  p e r c e n t b y we i g h t i n  th e  l i q u i d  a ge n t,  c o u l d  r e s u l t i n
ac u te  to x i c i ty at ag e n t c o n c e n tr a ti o n s  b e l o w th e  N O AE L  fo r
c a r d i ac  s e n s i ti z ati o n .  Hexafuoropropylene  ( H F P )  th e r m o d y‐
n a m i c  an d  ki n e ti c  d i m e r s  ar e  e x am p l e s  o f s u c h  i m p u r i ti e s .  F o r
th e s e  d i m e r s ,  a  5 -m i n u te  e x p o s u r e  to  a  c o n c e n tr a ti o n  i n  ai r
gr e a te r  th an  1 0  p p m  b y vo l u m e  fo r  th e  H F P  th e r m o d yn a m i c
d i m e r  o r  gr e a te r  th a n  3 0 0  p p m  b y vo l u m e  fo r  th e  H F P  ki n e ti c
d i m e r  c o u l d  c au s e  to x i c o l o gi c a l  e ffe c ts .  [ M a r an i o n ,  2 0 2 0 ]  F o r
F K-5 - 1 -1 2  at a u s e  c o n c e n tr ati o n  o f 1 0  p e r c e n t b y vo l u m e  i n  ai r,
th e s e  l e ve l s  wo u l d  tr an s l a te  to  9 5  p p m  ( 0 . 0 0 9 5  p e r c e n t)  b y
we i g h t i n  th e  l i q u i d  a ge n t fo r  th e  th e r m o d yn am i c  d i m e r  an d
2 8 5 0  p p m  ( 0 . 2 8 5 0  p e r c e n t)  b y we i gh t i n  th e  l i q u i d  a ge n t fo r
th e  ki n e ti c  d i m e r.

Re fe r e n c e :  M ar a n i o n ,  B . ,  M e m o  to  th e  N F PA 2 0 0 1  Te c h n i c al
C o m m i tte e ,  “ Re :  S e c ti o n  5 / 1 / 2  S e c o n d  D r aft P u b l i c  C o m m e n t
#2 3 , ”  U S  E n vi r o n m e n tal  P r o te c ti o n  Ag e n c y,  O c to b e r  6 ,  2 0 2 0 .

A.5.1 .3.2    S to r ag e  c o n tai n e r s  s h o u l d  n o t b e  e x p o s e d  to  a fre  i n
a m an n e r  l i ke l y to  i m p ai r  s ys te m  p e r fo r m an c e .

A.5.1 .4.1    C o n tai n e r s  u s e d  fo r  a ge n t s to r ag e  s h o u l d  b e  ft fo r
th e  p u r p o s e .  M a te r i al s  o f c o n s tr u c ti o n  o f th e  c o n tai n e r,
c l o s u r e s ,  g as ke ts ,  a n d  o th e r  c o m p o n e n ts  s h o u l d  b e  c o m p ati b l e
wi th  th e  ag e n t a n d  d e s i gn e d  fo r  th e  an ti c i p ate d  p r e s s u r e s .  E ac h
c o n tai n e r  i s  e q u i p p e d  wi th  a p r e s s u r e  r e l i e f d e vi c e  to  p r o te c t
ag ai n s t e x c e s s i ve  p r e s s u r e  c o n d i ti o n s .

T h e  var i a ti o n s  i n  vap o r  p r e s s u r e  wi th  te m p e r a tu r e  fo r  th e
var i o u s  c l e an  a ge n ts  a r e  s h o wn  i n  F i g u r e  A. 5 . 1 . 4 . 1 ( a)  th r o u gh
A. 5 . 1 . 4 . 1 ( n ) .

F o r  h al o c a r b o n  c l e a n  ag e n ts ,  th e  p r e s s u r e  i n  th e  c o n tai n e r  i s
signifcantly affe c te d  b y fll  d e n s i ty a n d  te m p e r atu r e .  At e l e va‐
te d  te m p e r a tu r e s ,  th e  r ate  o f i n c r e as e  i n  p r e s s u r e  i s  ve r y s e n s i ‐
ti ve  to  fll  d e n s i ty.  I f th e  m a x i m u m  fll  d e n s i ty i s  e x c e e d e d ,  th e
p r e s s u r e  wi l l  i n c r e as e  r ap i d l y wi th  te m p e r atu r e  i n c r e a s e  an d
p r e s e n t a  h az ar d  to  p e r s o n n e l  an d  p r o p e r ty.  T h e r e fo r e ,  i t i s
i m p o r tan t th at th e  m a x i m u m  fll  d e n s i ty l i m i t specifed  fo r
e a c h  liquefed  c l e an  ag e n t n o t b e  e x c e e d e d .  Ad h e r e n c e  to  th e
l i m i ts  fo r  fll  d e n s i ty an d  p r e s s u r i z ati o n  l e ve l s  specifed  i n  Tab l e
A. 5 . 1 . 4 . 1  s h o u l d  p r e ve n t e x c e s s i ve l y h i g h  p r e s s u r e s  fr o m  o c c u r ‐
ri n g i f th e  ag e n t c o n ta i n e r  i s  e x p o s e d  to  e l e vate d  te m p e r a tu r e s .
Ad h e r e n c e  to  th e  l i m i ts  wi l l  a l s o  m i n i m i z e  th e  p o s s i b i l i ty o f a n
i n ad ve r te n t d i s c h ar g e  o f a ge n t th r o u g h  th e  p r e s s u r e  r e l i e f
d e vi c e .  T h e  m a n u fac tu r e r  s h o u l d  b e  c o n s u l te d  fo r  s u p e r p r e s s u ‐
r i z ati o n  l e ve l s  o th e r  th a n  th o s e  s h o wn  i n  Tab l e  A. 5 . 1 . 4 . 1 .

An n e x  F  d i s c u s s e s  th e  e ffe c ts  o f te m p e r a tu r e  c h an g e s  o n
s u p e r p r e s s u r i z e d  va p o r i z i n g -l i q u i d  ag e n ts .

Wi th  th e  e x c e p ti o n  o f i n e r t ga s –typ e  s ys te m s ,  a l l  th e  o th e r
c l e an  ag e n ts  a r e  classifed  as  liquefed  c o m p r e s s e d  ga s e s  at 7 0 ° F
( 2 1 ° C ) .  F o r  th e s e  ag e n ts ,  th e  p r e s s u r e  i n  th e  c o n tai n e r  i s  s i gn i f‐

i c an tl y affe c te d  b y fll  d e n s i ty an d  te m p e r a tu r e .  At e l e vate d
te m p e r a tu r e s ,  th e  r ate  o f i n c r e a s e  i n  p r e s s u r e  i s  ve r y s e n s i ti ve
to  fll  d e n s i ty.  I f th e  m a x i m u m  fll  d e n s i ty i s  e x c e e d e d ,  th e  p r e s ‐
s u r e  wi l l  i n c r e a s e  r ap i d l y wi th  te m p e r a tu r e  i n c r e a s e  an d

p r e s e n t a  h az ar d  to  p e r s o n n e l  an d  p r o p e r ty.  T h e r e fo r e ,  i t i s
i m p o r ta n t th at th e  m a x i m u m  fll  d e n s i ty l i m i t specifed  fo r

e ac h  liquefed  c l e an  ag e n t n o t b e  e x c e e d e d .  Ad h e r e n c e  to  th e
l i m i ts  fo r  fll  d e n s i ty an d  p r e s s u r i z ati o n  l e ve l s  specifed  i n  Tab l e
A. 5 . 1 . 4 . 1  s h o u l d  p r e ve n t e x c e s s i ve l y h i g h  p r e s s u r e s  fr o m  o c c u r ‐

r i n g  i f th e  a ge n t c o n ta i n e r  i s  e x p o s e d  to  e l e vate d  te m p e r atu r e s .
Ad h e r e n c e  to  th e  l i m i ts  wi l l  al s o  m i n i m i z e  th e  p o s s i b i l i ty o f an
i n ad ve r te n t d i s c h ar g e  o f a ge n t th r o u g h  th e  p r e s s u r e  r e l i e f

d e vi c e .  T h e  m a n u fac tu r e r  s h o u l d  b e  c o n s u l te d  fo r  s u p e r p r e s s u ‐
r i z a ti o n  l e ve l s  o th e r  th a n  th o s e  s h o wn  i n  Tab l e  A. 5 . 1 . 4 . 1 .

A.5.1 .4.2    Al th o u gh  i t i s  n o t a r e q u i r e m e n t o f 5 . 1 . 4 . 2 ,  al l  n e w
a n d  e x i s ti n g  h al o c a r b o n  ag e n t s to r ag e  c o n tai n e r s  s h o u l d  b e
affxed  wi th  a l a b e l  ad vi s i n g  th e  u s e r  th at th e  p r o d u c t i n  q u e s ‐

ti o n  c a n  b e  r e tu r n e d  fo r  r e c o ve r y an d  r e c yc l i n g  to  a  qualifed
r e c yc l e r  wh e n  th e  h al o c ar b o n  ag e n t i s  n o  l o n ge r  n e e d e d .  T h e
qualifed  r e c yc l e r  c an  b e  a  h a l o c ar b o n  a ge n t m a n u fac tu r e r,  a
fre  e q u i p m e n t m a n u fac tu r e r,  a  fre  e q u i p m e n t d i s tr i b u to r  o r

i n s ta l l e r,  o r  an  i n d e p e n d e n t c o m m e r c i al  ve n tu r e .  I t i s  n o t th e
i n te n t to  s e t d o wn  specifc  r e q u i r e m e n ts  b u t to  i n d i c ate  th e

fa c to r s  th a t n e e d  to  b e  ta ke n  i n to  c o n s i d e r a ti o n  wi th  r e ga r d  to
r e c yc l i n g  an d  r e c l am ati o n  o f th e  h al o c a r b o n  ag e n t p r o d u c ts ,
o n c e  fa c i l i ti e s  a r e  a va i l a b l e .  As  m o r e  i n fo r m ati o n  b e c o m e s

avai l ab l e ,  m o r e  defnitive  r e q u i r e m e n ts  c an  b e  s e t fo r th  i n  th i s
s e c ti o n  r e ga r d i n g  q u al i ty,  effciency,  r e c o ve r y,  a n d  qualifca‐
tions  an d  certifcations  o f fac i l i ti e s  r e c yc l i n g  h a l o c ar b o n  a ge n ts .

C u r r e n tl y,  n o  s u c h  fac i l i ti e s  e x i s t th at wo u l d  ap p l y to  th e  h al o ‐
c a r b o n  ag e n ts  c o ve r e d  b y th i s  d o c u m e n t.

I n e r t ga s  a ge n ts  n e e d  n o t b e  c o l l e c te d  o r  r e c yc l e d .

N A.5.1 .4.5    F o r  refllable  h al o c a r b o n  ag e n t c o n tai n e r s ,  an  L L I
c a n  b e  c o n s i d e r e d ,  wh e r e  avai l ab l e  fr o m  th e  s ys te m  m an u fac ‐

tu r e r.  T h e  L L I  p r o vi d e s  th e  m e an s  to  s afe l y d e te r m i n e  th e
q u an ti ty o f h al o c a r b o n  a ge n t i n  a c c o r d an c e  wi th  th e  r e q u i r e ‐

m e n ts  o f 1 1 . 3 . 1  wi th o u t l i fti n g o r  m o vi n g  th e  c o n ta i n e r.

A.5.1 .4.6(2)    I n e r t ga s  ag e n ts  ar e  s i n gl e -p h a s e  ga s e s  i n  s to r ag e
a n d  at al l  ti m e s  d u r i n g  d i s c h a r ge .

A.5.1 .4.7    T h e  u s e  o f e n vi r o n m e n tal  c o n tr o l s  s h o u l d  b e  c o n s i d ‐
e r e d  wh e n  th e  s to r ag e  l o c a ti o n  fo r  c l e an  a ge n t s ys te m  c o n ta i n ‐

e r s  i s  s u b j e c t to  c o n d i ti o n s  o u ts i d e  o f th e  s to r ag e  te m p e r a tu r e
l i m i ts  s ta te d  i n  th e  l i s te d  m a n u al  fo r  th e  c l e a n  ag e n t s ys te m .



AN N E X  A 2 0 0 1 - 4 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 5 . 1 . 4 . 1  S to rage  C o n tai n e r C h arac te ri s ti c s

E x ti n gu i s h i n g
Age n t

M ax i m u m  Fi l l  D e n s i ty

( l b / ft3 )

M i n i m u m  C o n tai n e r
D e s i gn  L e ve l  Wo rk i n g

P re s s u re  ( G au ge )
( p s i )

To tal  G auge  P re s s u re
L e ve l  at 7 0 ° F

( p s i )

F K-5 - 1 -1 2 9 0 5 0 0 3 6 0
H C F C  B l e n d  A 5 6 . 2 5 0 0 3 6 0
H C F C -1 2 4 7 1 2 4 0 1 9 5
H F C -1 2 5 5 8 3 2 0 1 6 6 . 4 a

H F C -2 2 7 e a 7 2 5 0 0 3 6 0
H F C -2 3 5 4 1 8 0 0 6 0 8 . 9 a

F I C -1 3 I 1 1 0 4 . 7 5 0 0 3 6 0
I G- 0 1 N / A 2 1 2 0 2 3 7 0
I G- 1 0 0  ( 3 0 0 ) N / A 3 6 0 0 4 0 6 1
I G- 1 0 0  ( 2 4 0 ) N / A 2 8 7 9 3 2 3 6
I G- 1 0 0  ( 1 8 0 ) N / A 2 1 6 1 2 4 0 4
I G- 5 4 1 N / A 2 0 1 5 2 1 7 5
I G- 5 4 1  ( 2 0 0 ) N / A 2 7 4 6 2 9 0 0
I G- 5 5  ( 2 2 2 2 ) N / A 2 0 5 7 2 2 2 2 b

I G- 5 5  ( 2 9 6 2 ) N / A 2 7 4 3 2 9 6 2 c

I G- 5 5  ( 4 4 4 3 ) N / A 4 1 1 4 4 4 4 3 d

H F C  B l e n d  B 5 8 4 0 0 1 9 5 e

H B -5 5 8 1 . 5 5 0 0 3 6 0
H B -5 5 8 1 . 0 5 0 0 5 0 0

F o r  S I  u n i ts ,  1  l b / ft3  =  1 6 . 0 1 8  kg / m 3 ;  1  p s i  =  6 8 9 5  P a ;  ° C  =  ( ° F  – 3 2 ) / 1 . 8 .
N o te s :
( 1 )  T h e  m a x i m u m  fll  d e n s i ty r e q u i re m e n t i s  n o t a p p l i c a b l e  fo r  I G -5 4 1 .  C yl i n d e r s  fo r  I G -5 4 1  a r e  D O T  3 A o r
3 AA an d  a re  s ta m p e d  2 0 1 5  o r  g r e a te r.
( 2 )  To ta l  p r e s s u r e  l e ve l  a t 7 0 ° F  ( 2 1 ° C )  i s  c a l c u l a te d  fr o m  th e  fo l l o wi n g  flling  c o n d i ti o n s :
 I G- 1 0 0  ( 3 0 0 ) :  4 3 5 1  p s i  ( 3 0 . 0  M P a )  an d  9 5 ° F  ( 3 5 ° C )
 I G- 1 0 0  ( 2 4 0 ) :  3 4 6 0  p s i  ( 2 3 . 9  M P a )  an d  9 5 ° F  ( 3 5 ° C )
 I G- 1 0 0  ( 1 8 0 ) :  2 5 6 0  p s i  ( 1 7 . 7  M P a )  an d  9 5 ° F  ( 3 5 ° C )
 I G- 5 5  ( 2 2 2 2 ) :  2 1 7 5  p s i  ( 1 5  M P a )  an d  5 9 ° F  ( 1 5 ° C )
 I G- 5 5  ( 2 9 6 2 ) :  2 9 0 1  p s i  ( 2 0  M P a )  an d  5 9 ° F  ( 1 5 ° C )
 I G- 5 5  ( 4 4 4 3 ) :  4 3 5 2  p s i  ( 3 0  M P a )  an d  5 9 ° F  ( 1 5 ° C )

a  Va p o r  p r e s s u r e  fo r  H F C - 2 3  a n d  H F C - 1 2 5 .
b  C yl i n d e r s  fo r  I G- 5 5  a r e  s ta m p e d  2 0 6 0 .
c  C yl i n d e r s  fo r  I G-5 5  a r e  D O T  3 A o r  3 AA s ta m p e d  2 7 5 0  o r  g r e a te r.

d  C yl i n d e r s  fo r  I G- 5 5  a r e  D O T  3 A o r  3 AA s tam p e d  4 1 2 0  o r  g r e a te r.
e  Vap o r  p r e s s u r e  o f a g e n t.



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 4 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .
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N o t e :  C F 3 I  p r e s s u re  ve r s u s  t e m p e ra t u re  a t  9 4  l b /f t    a n d  1 0 5  l b /f t3
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P ( b a r )  a t  1 4 6 7  kg /m 3
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( 2 )  S I

3

33

FI G U RE  A. 5 . 1 . 4 . 1 ( a)   I s o m e tri c  D i agram  o f FI C - 1 3 I 1 .

A. 5 . 2 . 1    P i p i n g  s h o u l d  b e  i n s tal l e d  i n  a c c o r d an c e  wi th  g o o d
c o m m e r c i al  p r a c ti c e .  C ar e  s h o u l d  b e  take n  to  a vo i d  p o s s i b l e

r e s tr i c ti o n s  d u e  to  fo r e i gn  m a tte r,  fau l ty fab r i c a ti o n ,  o r
i m p r o p e r  i n s tal l a ti o n .

T h e  p i p i n g  s ys te m  s h o u l d  b e  s e c u r e l y s u p p o r te d  wi th  d u e
a l l o wan c e  fo r  a ge n t th r u s t fo r c e s  an d  th e r m a l  e x p an s i o n  an d
c o n tr ac ti o n  an d  s h o u l d  n o t b e  s u b j e c te d  to  m e c h an i c al ,  c h e m i ‐

c a l ,  vi b r ati o n ,  o r  o th e r  d am ag e .  AS M E  B 3 1 . 1 ,  Power Piping Code,
s h o u l d  b e  c o n s u l te d  fo r  g u i d an c e  o n  th i s  m atte r.  Wh e r e  e x p l o ‐

s i o n s  ar e  l i ke l y,  th e  p i p i n g  s h o u l d  b e  attac h e d  to  s u p p o r ts  th at
ar e  l e a s t l i ke l y to  b e  d i s p l ac e d .

A. 5 . 2 . 1 . 1    P a r ag r ap h  5 . 2 . 1 . 1  r e q u i r e s  th at “ th e  th i c kn e s s  o f th e
p i p i n g  s h al l  b e  c a l c u l ate d  i n  a c c o r d a n c e  wi th  AS M E  B 3 1 . 1 . ”  To

c o m p l y wi th  th i s  r e q u i r e m e n t,  th e  gu i d e l i n e s  fo u n d  i n  th e
F S S A Pipe Design Guide for Use with Special Hazard Fire Suppression
Systems s h o u l d  b e  fo l l o we d .  T h e  F S S A Pipe Design Guide for Use

with Special Hazard Fire Suppression Systems p r o vi d e s  g u i d an c e  o n
h o w to  ap p l y AS M E  B 3 1 . 1  i n  a  u n i fo r m  an d  c o n s i s te n t m a n n e r
i n  th e  s e l e c ti o n  o f a c c e p ta b l e  typ e s  o f p i p e  an d  tu b i n g u s e d  i n

s p e c i al  h az ar d  fre  s u p p r e s s i o n  s ys te m s .  AS M E  B 3 1 . 1  a l l o ws  th e
p r e s s u r e  to  e x c e e d  th e  m a x i m u m  d e s i gn  p r e s s u r e ,  p r o vi d e d  i t
i s  fo r  s h o r t o p e r ati n g  p e r i o d s .  C l e an  ag e n t p i p i n g s ys te m s  a r e

n o t s u b j e c te d  to  c o n ti n u o u s  p r e s s u r i z a ti o n .  Wh e n  d i s c h a r ge
ti m e s  ar e  l e s s  th an  6 0  m i n u te s  i n  d u r ati o n ,  N F PA 2 0 0 1  al l o ws
th e  yi e l d  s tr e s s  fac to r s  ( S E )  p u b l i s h e d  i n  AS M E  B 3 1 . 1  to  b e

i n c r e as e d  b y 2 0  p e r c e n t wh e n  c al c u l ati n g  th e  p i p e  th i c kn e s s .

A. 5 . 2 . 1 . 6    D e s i g n  o f c l o s e d  s e c ti o n s  o f p i p e  s h o u l d  fo l l o w th e
g u i d e l i n e s  i n  S e c ti o n  5  o f th e  F S S A Pipe Design Guide for Use with

Special Hazard Fire Suppression Systems.



AN N E X  A 2 0 0 1 - 4 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

1 4 0 0

1 2 0 0

1 0 0 0

8 0 0

6 0 0

4 0 0

2 0 0

0

( 1 )  F o r  1 5 0  p s i  c o n t a i n e r s

–2 0 2 0 6 0 1 0 0 1 4 0 1 8 0 2 2 0

Te m p e ra t u r e  (°F )

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

9 0  l b / f t 3
1 0

9

8

7

6

5

4

3

2

1

0

( 2 )  F o r  1 . 0  M P a  c o n t a i n e r s
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( 3 )  F o r  1 9 5  p s i  c o n t a i n e r s
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( 4 )  F o r  1 . 3  M P a  c o n t a i n e r s
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( 5 )  F o r  5 0 0  p s i  c o n t a i n e r s
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( 6 )  F o r  3 . 4  M P a  c o n t a i n e r s
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( 8 )  To  2 5  b a r  a t  2 0°C

Te m p e ra t u re  ( ° F )

( 7 )  To  3 6 0  p s i  a t  7 0°F

FI G U RE  A. 5 . 1 . 4 . 1 ( b )   I s o m e tri c  D i agram  o f FK- 5 - 1 - 1 2 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 4 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .
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Δ FI G U RE  A. 5 . 1 . 4 . 1 ( b )   Continued



AN N E X  A 2 0 0 1 - 4 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n
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( 1 )  P r e s s u r i z e d  w i t h  n i t r o g e n  t o  3 6 0  p s i  a t  7 0°C
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 ( 3 )  P r e s s u r i z e d  w i t h  n i t r o g e n  t o  6 0 0  p s i  a t  7 0°F  f o r
f i l l  d e n s i t i e s  o f  3 1 . 2  t o  5 6 . 2  l b / f t 3
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( 4 )  P r e s s u r i z e d  w i t h  n i t r o g e n  t o  4 0  b a r  a t  2 0°C
f o r  f i l l  d e n s i t i e s  o f  0 . 5  t o  0 . 9  k g / m 3

FI G U RE  A. 5 . 1 . 4 . 1 ( c )   I s o m e tri c  D i agram  o f H C FC  B l e n d  A.
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( 2 )  P r e s s u r i z e d  t o  1 3 4 0  k P a  a t  2 1 °C  a n d  a  
l o a d i n g  d e n s i t y  o f  1 1 4 0  k g / m 3

FI G U RE  A. 5 . 1 . 4 . 1 ( d )   I s o m e tri c  D i agram  o f H C FC - 1 2 4  P re s s u ri z e d  wi th  N i tro ge n .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 4 6

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

4 0 0

1 2 0 0

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

Te m p e ra t u r e  ( °F )

2 0 0 0

2 0 01 6 01 0 06 04 02 0 1 4 01 2 08 00

8 0 0

1 8 0

6 0 0

1 0 0 0

1 4 0 0

1 6 0 0

1 8 0 0

5 4  l b /f t 3

5 6  l b /f t 3

5 8  l b /f t 3

( 3 )  P r e s s u r i z e d  t o  6 0 0  p s i  a t  7 2°F

G
a

u
g

e
 p

re
s

s
u

re
 (

b
a

r)

Te m p e ra t u r e  ( °C )

2 0

1 4 0

1 0 08 02 0 6 04 00−2 0

1 0 0

8 6 6 . 6  kg /m 3
1 2 0

8 0

6 0

4 0

8 9 6 . 4  kg /m 3

9 2 9 . 1  kg /m 3

( 4 )  P r e s s u r i z e d  t o  4 1  b a r  ( g a u g e )  a t  2 2°C

2 0 0

( 1 )  P r e s s u r i z e d  t o  3 6 0  p s i  a t  7 0°F

P
re

s
s

u
re

 (
p

s
ig

)

2 2 0
2 4 0
2 6 0
2 8 0
3 0 0
3 2 0
3 4 0
3 6 0
3 8 0
4 0 0
4 2 0
4 4 0
4 6 0
4 8 0
5 0 0
5 2 0
5 4 0
5 6 0
5 8 0
6 0 0
6 2 0

6 4 0
6 6 0
6 8 0
7 0 0
7 2 0
7 4 0
7 6 0
7 8 0
8 0 0

2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0

Te m p e ra t u re  ( ° F )

( 2 )  P r e s s u r i z e d  t o  2 5  b a r  ( g a u g e )  a t  2 1 °C

P
re

s
s

u
re

 (
b

a
r)

Te m p e ra t u re  ( ° C )

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0

1 8

2 0

2 2

2 6

2 8

3 0

3 2

3 4

4 4

3 6

4 6

4 8

5 0

5 2

5 4

5 6

4 2

3 8

4 0

2 4

1 6

8 9 7  kg /m 3

5 6  l b /f t 3

Δ FI G U RE  A. 5 . 1 . 4 . 1 ( e )   I s o m e tri c  D i agram  o f H FC - 1 2 5  P re s s u ri z e d  wi th  N i tro ge n .



AN N E X  A 2 0 0 1 - 4 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

4 0 0

1 2 0 0

Te m p e ra t u re  ( °F )

2 2 0 0

2 0 01 6 01 0 06 04 02 0 1 4 01 2 08 00

8 0 0

1 8 0

6 0 0

1 0 0 0

1 4 0 0

1 6 0 0

1 8 0 0

– 2 0

2 0 0 0

4 5  l b /f t 3

5 0  l b /f t 3

5 5  l b /f t 3

5 8  l b /f t 3

( 5 )  P r e s s u r i z e d  t o  7 5 0  p s i  a t  7 2°F

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

Te m p e ra t u r e  ( °C )

2 0 . 0 0 0

1 5 0 . 0 0 0

1 0 08 05 03 02 0 7 06 04 01 00−1 0−2 0

3 0 . 0 0 0

9 0

4 0 . 0 0 0

5 0 . 0 0 0

6 0 . 0 0 0

7 0 . 0 0 0

8 0 . 0 0 0

9 0 . 0 0 0

1 0 0 . 0 0 0

1 1 0 . 0 0 0

1 2 0 . 0 0 0

1 3 0 . 0 0 0

1 4 0 . 0 0 0

7 2 3  kg /m 3

7 9 3  kg /m 3

8 8 2  kg /m 3

9 2 1  kg /m 3

( 6 )  P r e s s u r i z e d  t o  5 2  b a r  ( g a u g e )  a t  2 2°C

G
a

u
g

e
 p

re
s

s
u

re
 (

b
a

r)

FI G U RE  A. 5 . 1 . 4 . 1 ( e )   Continued



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 4 8

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

8 0 0  kg /m 3

1 0 4 0  kg /m 3

1 1 2 0  kg /m 3

1 1 5 0  kg /m 3

1 2 0 0  kg /m 3

1 6 0

1 4 0

1 2 0

1 0 0

8 0

6 0

4 0

2 0

0

A
b

s
o

lu
te

 p
re

s
s

u
re

 (
b

a
r)

A
b

s
o

lu
te

 p
re

s
s

u
re

 (
b

a
r)

– 2 0 – 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0

Te m p e ra t u r e  (°C )

( 2 )  P r e s s u r i z e d  t o  2 5  b a r  a t  2 1 °C

2 2 0 0

2 0 0 0

1 8 0 0

1 6 0 0

1 4 0 0

1 2 0 0

1 0 0 0

8 0 0

6 0 0

4 0 0

2 0 0

P
re

s
s

u
re

 (
p

s
i)

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0

Te m p e ra t u re  (°F )

7 5  l b /f t 3

7 2  l b /f t 3

7 0  l b /f t 3

6 5  l b /f t 3

5 0  l b /f t 3

( 1 )  P r e s s u r i z e d  t o  3 6 0  p s i  a t  7 0°F

2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0

Te m p e ra t u r e  (°F )

4 0 0

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

1 6 0 0

1 8 0 0

2 0 0 0

2 2 0 0

2 4 0 0

2 6 0 0

P
re

s
s

u
re

 (
p

s
i)

7 5  l b /f t 3

7 0  l b /f t 3

6 5  l b /f t 3

5 0  l b /f t 3

( 3 )  P r e s s u r i z e d  t o  6 0 0  p s i  a t  7 0°F

1 8 0

1 6 0

1 4 0

1 2 0

1 0 0

8 0

6 0

4 0

2 0
– 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

Te m p e ra t u r e  (°C )

1 2 0 0  kg /m 3

1 1 2 0  kg /m 3

1 0 4 0  kg /m 3

8 0 0  kg /m 3

( 4 )  P r e s s u r i z e d  t o  4 0  b a r  a t  2 1 °C

Δ FI G U RE  A. 5 . 1 . 4 . 1 ( f)   I s o m e tri c  D i agram  o f H FC - 2 2 7 e a P re s s u ri z e d  wi th  N i tro ge n .



AN N E X  A 2 0 0 1 - 4 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

P
re

s
s

u
re

 (
b

a
r)

Te m p e ra t u r e  ( ° F )

9 0 0

7 0

6 0

5 0

4 0

3 0

2 0

1 0

0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

0

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

1 2 51 1 51 0 59 58 57 56 55 5

5 55 04 54 03 53 02 52 01 55– 5– 1 0– 2 0 – 1 5 1 00

4 53 52 51 55– 5
( 6 )  H F C - 2 2 7 e a  p r e s s u r i z e d  t o  5 0  b a r  a t  2 0°C

Te m p e ra t u re  ( ° C )

( 5 )  H F C - 2 2 7 e a  p r e s s u r i z e d  t o  7 2 5  p s i  a t  6 8°F

1 0 5 0  kg /m³

1 0 0 0

6 5 . 5  l b /f t³

Δ FI G U RE  A. 5 . 1 . 4 . 1 ( f)   Continued

0

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

3 5 0 0

1 4 01 0 06 04 02 0 1 2 08 00

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

2 0  l b /ft 3

2 5 0 0

3 0 0 0

3 0  l b /ft 3

4 0  l b /ft 3

4 5  l b /ft 3

5 0  l b /ft 3

5 3 . 7  l b /ft 3

5 5  l b /ft 3

6 0  l b /ft 3

C i t i c a l  p o i n t
7 8 . 7 ° F,  6 8 7  p s i ,
3 2 . 8  l b /f t 3

0 . 0 0 0

G
a

u
g

e
 p

re
s

s
u

re
 (

b
a

r)
2 4 0 . 0 0 0

6 02 0

1 4 0 . 0 0 0

5 04 03 01 00-1 0-2 0

2 0 . 0 0 0

4 0 . 0 0 0

6 0 . 0 0 0

8 0 . 0 0 0

1 0 0 . 0 0 0

1 2 0 . 0 0 0

1 6 0 . 0 0 0

1 8 0 . 0 0 0

2 0 0 . 0 0 0

2 2 0 . 0 0 0

3 2 0  kg /m 3

4 8 1  kg /m 3

6 4 1  kg /m 3

7 2 1  kg /m 3

8 0 1  kg /m 3

8 6 0  kg /m 3

8 8 1  kg /m 3

9 6 0  kg /m 3

C r i t i c a l  p o i n t
2 5 . 9 2 ° C ,  4 7 . 3 7  b a r  ( g a u g e ) ,
5 2 5  kg /m 3

Te m p e ra t u r e  ( ° F )

( 1 )  S e l f - p r e s s u r i z e d  a t  6 0 8 . 9  p s i  a t  7 0 ° F Te m p e ra t u re  ( ° C )

( 2 )  S e l f - p r e s s u r i z e d  4 2  b a r  a t  2 1 °C

Δ FI G U RE  A. 5 . 1 . 4 . 1 ( g)   I s o m e tri c  D e s i gn  o f H FC - 2 3 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 5 0

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

2 0 0 0

1 8 0 0

1 6 0 0

1 4 0 0

1 2 0 0

1 0 0 0

8 0 0

6 0 0

4 0 0

2 0 0

0
2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 00

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

7 5  l b /f t 3

7 0  l b /f t 3

6 5  l b /f t 3

1 4 0 . 0

1 2 0 . 0

1 0 0 . 0

8 0 . 0

6 0 . 0

4 0 . 0

2 0 . 0
1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 00

G
a

u
g

e
 p

re
s

s
u

re
 (

b
a

r)

1 0 4 2  kg /m 3

1 1 2 2  kg /m 3

1 2 0 2  kg /m 3

2 4 0 0

2 2 0 0

2 0 0 0

1 8 0 0

1 6 0 0

1 4 0 0

1 2 0 0

1 0 0 0

8 0 0

6 0 0

4 0 0

G
a

u
g

e
 p

re
s

s
u

re
 (

p
s

i)

7 5  l b /f t 3

7 0  l b /f t 3

6 5  l b /f t 3

( 3 )  P r e s s u r i z e d  t o  6 0 0  p s i  a t  7 2°F ( 4 )  P r e s s u r i z e d  t o  4 1 . 4  b a r  ( g a u g e )  a t  2 2°C

1 8 0

1 6 0

1 4 0

1 2 0

1 0 0

8 0

G
a

u
g

e
 p

re
s

s
u

re
 (

b
a

r)

1 0 4 2  kg /m 3

1 1 2 2  kg /m 3

1 2 0 2  kg /m 3

6 0

4 0

2 0
2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 00 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 00

Te m p e r a t u r e  (°F ) Te m p e r a t u r e  (°C )

( 1 )  P r e s s u r i z e d  t o  3 6 0  p s i  a t  7 2°F ( 2 )  P r e s s u r i z e d  t o  2 4 . 8 2  b a r  ( g a u g e )  a t  2 2°C

Te m p e r a t u r e  (°F ) Te m p e r a t u r e  (°C )

FI G U RE  A. 5 . 1 . 4 . 1 ( h )   I s o m e tri c  D i agram  o f H C FC - 2 3 6 fa P re s s u ri z e d  wi th  N i tro ge n .



AN N E X  A 2 0 0 1 - 5 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

2 8 0 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0

Te m p e ra t u r e  (°F )

2 0 0 0

2 1 0 0

2 2 0 0

2 3 0 0

2 4 0 0

2 5 0 0

2 6 0 0

2 7 0 0

P
re

s
s

u
re

 (
p

s
i)

( 1 )  P r e s s u r i z e d  t o  2 3 7 0  p s i  a t  7 0°F

– 2 0 – 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0

Te m p e ra t u re  (°C )

1 4

1 5

1 6

1 7

1 8

1 9

P
re

s
s

u
re

 (
M

P
a

)

( 2 )  P r e s s u r i z e d  t o  1 6 0  b a r  a t  1 5°C

3 0 0 0

2 9 0 0

2 8 0 0

2 7 0 0

2 6 0 0

2 5 0 0

2 4 0 0

3 1 0 0

3 2 0 0

3 3 0 0

3 4 0 0

3 5 0 0

3 6 0 0

P
re

s
s

u
re

 (
p

s
i)

1 4 01 2 01 0 08 06 0

Te m p e ra t u r e  ( ° F )

( 3 )  P r e s s u r i z e d  t o  2 8 9 4  p s i  a t  7 0°F

4 02 00

4 6 0 0

4 4 0 0

4 2 0 0

4 0 0 0

3 8 0 0

3 6 0 0

3 4 0 0

4 8 0 0

5 0 0 0

5 2 0 0

5 4 0 0

5 6 0 0

P
re

s
s

u
re

 (
p

s
i)

1 4 01 2 01 0 08 06 0

Te m p e ra t u r e  ( ° F )

( 5 )  P r e s s u r i z e d  t o  4 5 1 0  p s i  a t  7 0°F

4 02 00

2 0 , 0

1 9 , 0

1 8 , 0

1 7 , 0

1 6 , 0

1 5 , 0

2 1 , 0

2 2 , 0

2 3 , 0

2 4 , 0

2 5 , 0

P
re

s
s

u
re

 (
M

P
a

)

5 0 6 04 03 02 01 0

Te m p e ra t u r e  ( ° C )

( 4 )  P r e s s u r i z e d  t o  2 0 . 0  M P a  a t  1 5°C

0–1 0– 2 0

3 1 , 0 0 0

2 9 , 0 0 0

2 7 , 0 0 0

2 5 , 0 0 0

2 3 , 0 0 0

3 3 , 0 0 0

3 5 , 0 0 0

3 7 , 0 0 0

3 9 , 0 0 0

P
re

s
s

u
re

 (
M

P
a

)

5 0 6 04 03 02 01 0

Te m p e ra t u r e  ( ° C )

( 6 )  P r e s s u r i z e d  t o  3 0 . 0  M P a  a t  1 5°C

0–1 0– 2 0

FI G U RE  A. 5 . 1 . 4 . 1 ( i )   I s o m e tri c  D i agram  o f I G - 0 1 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 5 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 9 01 7 01 5 01 3 01 1 09 07 05 03 01 0– 1 0– 3 0

3 5 0 0

4 0 0 0

4 5 0 0

5 0 0 0

5 5 0 0

3 0 0 0

2 5 0 0

2 0 0 0

1 5 0 0

1 0 0 0

5 0 0

P
re

s
s

u
re

 (
p

s
i)

Te m p e ra t u r e  (°F )

( 1 )  2 6 1 0  p s i ,  3 4 8 0  p s i ,  a n d  4 3 5 0  p s i  s y s t e m s

4 0

3 0

2 0

1 0
– 4 0 – 3 0 –2 0 – 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

Te m p e ra t u re  (°C )

I G - 1 0 0 ( 2 4 0  b a r s y s t e m )

P
re

s
s

u
re

 (
M

P
a

)

( 2 )  1 8 0  b a r,  2 4 0  b a r,  a n d  3 0 0  b a r  s y s t e m s

I G - 1 0 0 ( 3 0 0  b a r  s y s t e m )

I G - 1 0 0 ( 1 8 0  b a r s y s t e m )

I G - 1 0 0 ( 3 4 8 0  p s i  s y s t e m )I G - 1 0 0 ( 4 3 5 0  p s i  s y s t e m )

I G - 1 0 0 ( 2 6 1 0  p s i  s y s t e m )

FI G U RE  A. 5 . 1 . 4 . 1 ( j )   I s o m e tri c  D i agram  o f I G - 1 0 0 .



AN N E X  A 2 0 0 1 - 5 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

2 7 0 0

2 6 0 0

2 5 0 0

2 4 0 0

2 3 0 0

2 2 0 0

2 1 0 0

2 0 0 0

P
re

s
s

u
re

 (
p

s
i)

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0

Te m p e ra t u r e  (°F )

1 9 0 0

1 8 0 0

1 7 0 0

( 1 )  P r e s s u r i z e d  t o  2 1 7 5  p s i  a t  7 0°F

3 7 0 0

3 6 0 0

3 5 0 0

3 4 0 0

3 3 0 0

3 2 0 0

3 1 0 0

3 0 0 0

2 9 0 0

2 8 0 0

2 7 0 0

2 6 0 0

2 5 0 0

P
re

s
s

u
re

(p
s

i)

1 4 3 2 5 0 6 8 8 6 1 0 4 1 2 2 1 4 0

Te m p e ra t u r e  (°F )

( 3 )  P r e s s u r i z e d  t o  2 9 0 0  p s i  a t  5 9°F

– 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0

Te m p e ra t u re  (°C )

P
re

s
s

u
re

 (
M

P
a

)

1 3 . 5

1 4 . 5

1 5 . 5

1 6 . 5

1 7 . 5

1 3 . 0

1 4 . 0

1 5 . 0

1 6 . 0

1 7 . 0

1 8 . 0

– 2 0

( 2 )  P r e s s u r i z e d  t o  1 5  M P a  a t  2 1 °C

– 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0

Te m p e ra t u re  (°C )

P
re

s
s

u
re

 (
M

P
a

)

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

2 6

– 2 0

( 4 )  P r e s s u r i z e d  t o  2 0  M P a  a t  1 5°C

5 5 0 0

5 0 0 0

4 5 0 0

4 0 0 0

3 5 0 0

3 0 0 0

P
re

s
s

u
re

(p
s

i)

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0

Te m p e ra t u re  (°F )

— 3 0 0  b a r  s y s t e m  @  7 0°F

3 2 5

2 7 5

2 2 5

1 7 5

1 2 5

P
re

s
s

u
re

(b
a

r 
g

)

- 2 0 - 1 0 0 1 0 1 5 3 0 4 0 5 0

Te m p e ra t u re  (°C )

3 7 5

3 5 0

3 0 0

2 5 0

2 0 0

1 5 0

- 1 5 - 5 5 2 0 2 5 3 5 4 5 5 5 6 0

— 3 0 0  b a r  s y s t e m  @  2 1 °C

Δ FI G U RE  A. 5 . 1 . 4 . 1 ( k)   I s o m e tri c  D i agr am  o f I G - 5 4 1 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 5 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .
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Δ FI G U RE  A. 5 . 1 . 4 . 1 ( l )   I s o m e tri c  D i agram  o f I G - 5 5  Fi l l e d  at 5 9 ° F ( 1 5 ° C ) .
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FI G U RE  A. 5 . 1 . 4 . 1 ( m )   I s o m e tri c  D i agram  o f H FC  B l e n d  B .



AN N E X  A 2 0 0 1 - 5 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

A. 5 . 2 . 2 . 2    F i tti n gs  th at ar e  a c c e p ta b l e  fo r  u s e  i n  c l e a n  ag e n t
s ys te m s  c a n  b e  fo u n d  i n  Tab l e  A. 5 . 2 . 2 . 2 ( a)  an d  Tab l e
A. 5 . 2 . 2 . 2 ( b ) .  T h e  fttings  s h o wn  i n  th e s e  ta b l e s  a r e  b a s e d  o n
u s e  i n  o p e n -e n d e d  p i p i n g  s ys te m s .  F o r  fttings  u s e d  i n  c l o s e d
s e c ti o n s  o f p i p e ,  S e c ti o n s  4  an d  7  o f th e  F S S A Pipe Design Guide
for Use with Special Hazard Fire Suppression Systems s h o u l d  b e
c o n s u l te d .

P r e s s u r e -te m p e r atu r e  r a ti n gs  h a ve  b e e n  e s tab l i s h e d  fo r
c e r tai n  typ e s  o f fttings.  A l i s t o f AN S I  s tan d ar d s  c o ve r i n g  th e
d i ffe re n t typ e s  o f fttings  i s  g i ve n  i n  Tab l e  1 2 6 . 1  o f AS M E  B 3 1 . 1 .
Wh e r e  fttings  n o t c o ve r e d  b y o n e  o f th e s e  s ta n d a r d s  a r e  u s e d ,
th e  d e s i g n  r e c o m m e n d a ti o n s  o f th e  m an u fac tu r e r  o f th e
fttings  s h o u l d  n o t b e  e x c e e d e d .

A. 5 . 2 . 3    T h e  F S S A Pipe Design Guide for Use with Special Hazard
Fire Suppression Systems p r o vi d e s  g u i d an c e  o n  p i p e  h an g e r s  an d
s u p p o r ts ,  fo l l o wi n g  e s tab l i s h e d  i n d u s tr y p r a c ti c e s .  Ad d i ti o n al

gu i d a n c e  b a s e d  o n  “ b e s t i n d u s tr y s tan d ar d  p r ac ti c e ”  i s  fo u n d  i n
AN S I / M S S  S P -5 8 ,  Pipe Hangers and Supports — Materials,  Design,

Manufacture,  Selection,  Application,  and Installation,  fo r  l o c a ti o n s
wh e r e  s e i s m i c  qualifcation  i s  n o t r e q u i r e d  o r  i n  M S S  S P -1 2 7 ,
Bracing for Piping Systems: Seismic — Wind — Dynamic Design,

Selection,  and Application,  fo r  l o c a ti o n s  wh e r e  s e i s m i c  qualifca‐
tion  i s  r e q u i r e d .

A. 5 . 2 . 4 . 3    S o m e  o f th e  n e w c l e an  ag e n ts  m i gh t n o t b e  c o m p ati ‐
b l e  wi th  th e  e l a s to m e r s  u s e d  i n  H a l o n  1 3 0 1  s ys te m  val ve s .
B e fo r e  c h ar g i n g  a s ys te m  c o n tai n e r  wi th  s o m e  o f th e  c l e a n

a ge n ts ,  i t c o u l d  b e  n e c e s s a r y to  d i s as s e m b l e  th e  d i s c h a r ge  val ve
an d  c o m p l e te l y r e p l ac e  th e  O - r i n g s  an d  o th e r  s e al i n g s u r fac e s
wi th  c o m p o n e n ts  th a t wi l l  n o t r e ac t to  th at a ge n t.  I t i s  i m p o r ‐

tan t th a t th i s  e val u ati o n  h as  b e e n  c o m p l e te d  a n d  th a t th e
c h a n ge  r e s u l ts  i n  th e  val ve ,  c o n tai n e r,  an d  s ys te m  c o m p l yi n g
wi th  th e  ap p r o p r i ate  l i s ti n g s  o r  ap p r o val s .
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( 4 )  P r e s s u r i z e d  w i t h  n i t r o g e n  t o  5 1 0  p s i g  a t  6 8 ° F
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( 6 )  P r e s s u r i z e d  w i t h  n i t r o g e n  t o  6 1 0  p s i g  a t  6 8 ° F
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N FI G U RE  A. 5 . 1 . 4 . 1 ( n )   I s o m e tri c  D i agram  o f H B - 5 5 .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 5 6

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 5 . 2 . 2 . 2 ( a)  P i p i n g S ys te m s  Fi tti n gs

 

P re s s ure  i n  Age n t
C o n tai n e r at 7 0 ° F ( 2 1 ° C )

( u p  to  an d  i n c l u di n g)  

Fi tti n g M i n i m u m

D e s i gn  P re s s u re  a  M ax i m um  P i p e
S i z e  ( N P S )C l e an  Age n t p s i kP a  p s i kP a M i n i m u m  Ac c e p tab l e  Fi tti n gs

Al l  h a l o c a r b o n  a g e n ts  
( e x c e p t H F C -2 3 )

3 6 0 2 , 4 8 2 4 3 2 2 , 9 7 9 C l a s s  3 0 0  th r e a d e d  m al l e a b l e  i r o n 3  i n .
C l a s s  3 0 0  th r e a d e d  d u c ti l e  i r o n Al l
G r o o ve  typ e  fttingsb 6  i n .

C l as s  3 0 0  fanged  j o i n ts Al l
6 0 0 4 , 1 3 7 8 2 0 5 , 6 5 4 C l as s  3 0 0  th r e ad e d  m a l l e ab l e  i r o n 4  i n .

C l as s  2 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

C l as s  4 0 0  fanged  j o i n t Al l

H F C - 2 3 6 0 9 4 , 1 9 9 1 , 7 4 6 1 2 , 0 3 8 c C l as s  3 0 0  th r e ad e d  m a l l e ab l e  i r o n 1  i n .
C l as s  2 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  

s te e l
Al l

C l as s  6 0 0  fanged  j o i n t Al l

I G-5 4 1 2 , 1 7 5 1 4 , 9 9 7 2 , 1 7 5 1 4 , 9 9 7 C l as s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e a m  o f th e  
p r e s s u r e  r e d u c e r

C l as s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

2 , 9 0 0 1 9 , 9 9 6 2 , 9 0 0 1 9 , 9 9 6 C l a s s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

4 , 5 0 3 3 1 , 0 4 7 4 , 5 0 3 3 1 , 0 4 7 C l a s s  6 , 0 0 0  th r e a d e d / we l d e d
fo r g e d  s te e l  j o i n t

Al l

C l a s s  2 , 5 0 0  fanged  j o i n t Al l

I G- 0 1 2 , 3 7 0 1 6 , 3 4 1 2 , 3 7 0 1 6 , 3 4 1 C l a s s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

2 , 9 6 4 2 0 , 3 4 6 2 , 9 6 4 2 0 , 3 4 6 C l a s s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r

— d — d

4 , 5 1 0 3 1 , 0 9 7 4 , 5 1 0 3 1 , 0 9 7 C l a s s  6 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e a m  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  2 , 5 0 0  fanged  j o i n t

D o wn s tr e am  o f th e  
p r e s s u r e  r e d u c e r

d d

I G- 5 5 2 , 1 7 5 1 4 , 9 9 6 2 , 1 7 5 1 4 , 9 9 6 C l a s s  3 , 0 0 0  th r e ad e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

2 , 9 0 0 1 9 , 9 9 5 2 , 9 0 0 1 9 , 9 9 5 C l a s s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

(continues)



AN N E X  A 2 0 0 1 - 5 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

A. 5 . 2 . 5 . 5    T h e  i m p i n g e m e n t o f th e  e x ti n g u i s h i n g a ge n t d u r i n g
a d i s c h ar g e  c a n  ad ve r s e l y a ffe c t th e  d e ve l o p m e n t o f a h o m o ge ‐
n o u s  c o n c e n tr ati o n  th r o u g h o u t th e  p r o te c te d  s p a c e .  T h e
m a n u fac tu r e r  s h o u l d  b e  c o n s u l te d  fo r  ac c e p tab l e  d i s tan c e s  fo r
th e  d i s c h a r ge  n o z z l e s  fr o m  o b s tr u c ti o n s  s u c h  a s  c ab l e  tr ays ,  h o t
ai s l e / c o l d  a i s l e  c o n ta i n m e n t s tr u c tu r e s ,  d u c t wo r k,  a n d  s o
fo r th .  Wh e r e  m i n i m u m  d i s tan c e s  c a n n o t b e  ac h i e ve d ,  th e
m a n u fac tu r e r  s h o u l d  b e  c o n s u l te d  to  o b ta i n  ag e n t l o s s  c al c u l a‐
ti o n s  fo r  th e  specifc  n o z z l e  l o c ati o n s ,  a n d  th e  n e c e s s ar y
c o m p e n s ati n g  q u an ti ty o f ag e n t s h o u l d  b e  a d d e d .

A. 6 . 1 . 2 . 5 ( 2 8 )    “Specifed  e n c l o s u r e  p r e s s u r e  l i m i t”  i s  a va l u e
d e te r m i n e d  o r  e s ti m ate d  wi th  confdence  to  b e  l e s s  th an  th e
e n c l o s u r e  p r e s s u r e  s tr e n gth .  I t i s  n o t i n te n d e d  to  n e c e s s a r i l y b e
th e  s a m e  as  th e  “ e n c l o s u r e  p r e s s u r e  s tr e n g th ”  wh i c h  wo u l d  b e
d e te r m i n e d  b y a s tr u c tu r al  e n g i n e e r i n g a n al ys i s .

G u i d an c e  to  d e te r m i n e  " p r e s s u r e  r e l i e f ve n t ar e a "  c an  b e
fo u n d  i n  th e  F S S A Application Guide to Estimating Enclosure Pres‐
sure & Pressure Relief Vent Area for Use with Clean Agent Fire Extin‐

guishing Systems.  T h at gu i d e  c a n  a s s i s t th e  d e s i gn e r  i n  a c c u r ate l y
d e te r m i n i n g  th e  r e q u i r e d  i n fo r m ati o n  fo r  i n c l u s i o n  o n  th e

wo r ki n g  p l an s .

A. 6 . 2    T h e  two  typ e s  o f s ys te m  fow c al c u l a ti o n s  ar e  liquefed
c o m p r e s s e d  g as  fow c al c u l ati o n s  an d  i n e r t ga s  fow c a l c u l a‐

ti o n s .

Liquefed compressed gas fow calculations.  An al yz i n g  th e  b e h a v‐
i o r  o f two -p h as e  ag e n ts  i n  p i p e l i n e s  i s  a  c o m p l e x  p r o c e s s  wi th
n u m e r o u s  m e th o d s .  Two  c al c u l a ti o n  m e th o d s  ar e  c o m m o n l y

u s e d  b y fre  p r o te c ti o n  p r o fe s s i o n al s .  T h e  frst i s  b as e d  o n
modifcations  to  th e  H F L O W M e th o d  ( D i N e n n o  e t a l . ,  1 9 9 5 ) ,
c o m p l e te d  i n  1 9 9 4 ,  a n d  th e  o th e r  i s  b as e d  o n  e n h a n c e m e n t to

Δ Tab l e  A. 5 . 2 . 2 . 2 ( a)   Continued

 

P re s s ure  i n  Age n t
C o n tai n e r at 7 0 ° F ( 2 1 ° C )

( u p  to  an d  i n c l u di n g)  

Fi tti n g M i n i m u m

D e s i gn  P re s s u re  a  M ax i m um  P i p e
S i z e  ( N P S )C l e an  Age n t p s i kP a  p s i kP a M i n i m u m  Ac c e p tab l e  Fi tti n gs

U p s tr e a m  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e am  o f th e  
p r e s s u r e  r e d u c e rd

— d — d

4 , 3 5 0 2 9 , 9 9 2 4 , 3 5 0 2 9 , 9 9 2 C l a s s  6 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  2 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

I G- 1 0 0 2 , 4 0 4 1 6 , 5 7 5 2 , 4 0 4 1 6 , 5 7 5 C l a s s  3 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

3 , 2 3 6 2 2 , 3 1 2 3 , 2 3 6 2 2 , 3 1 2 C l a s s  6 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e a m  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  1 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e am  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

4 , 0 6 1 2 8 , 0 0 0 4 , 0 6 1 2 8 , 0 0 0 C l a s s  6 , 0 0 0  th r e a d e d / we l d e d  fo r g e d  
s te e l

Al l

U p s tr e am  o f th e  
p r e s s u r e  r e d u c e r

C l a s s  2 , 5 0 0  fanged  j o i n t Al l

D o wn s tr e a m  o f th e  
p r e s s u r e  r e d u c e r d

— d — d

N o te s :
( 1 )  Al l  ftting  r a ti n g s  s h o wn  a r e  b a s e d  o n  o p e n -e n d e d  p i p i n g  s ys te m s .
( 2 )  T h e  m a te r i a l s  i n  th i s  ta b l e  d o  n o t p r e c l u d e  th e  u s e  o f o th e r  m a te r i a l s  an d  o th e r  typ e s  an d  s tyl e s  o f fttings  th a t s a ti s fy th e  r e q u i r e m e n ts  o f 4 . 2 . 2 . 2
an d  4 . 2 . 2 . 3 .

a  M i n i m u m  d e s i g n  p r e s s u r e s  ta ke n  fr o m  Ta b l e  5 . 2 . 1 . 1 . 1 ( a)  a n d  Ta b l e  5 . 2 . 1 . 1 . 1 ( b ) .
b  C h e c k wi th  g r o o ve d  ftting  m a n u fa c tu r e r s  fo r  p r e s s u r e  r a ti n g s .
c  T h i s  va l u e  g o o d  fo r  a l l  fll  d e n s i ti e s  u p  to  4 8  l b / ft3 .

d  T h e  m i n i m u m  d e s i g n  p r e s s u r e  fo r  fttings  d o wn s tr e a m  o f th e  p r e s s u r e  r e d u c e r  s h o u l d  b e  d e te r m i n e d  b y s ys te m  fow c al c u l a ti o n s .  Ac c e p ta b l e  p i p e
fttings  fo r  s e ve r a l  val u e s  o f p r e s s u r e s  d o wn s tr e a m  o f th e  p r e s s u r e  r e d u c e r  c a n  b e  fo u n d  i n  Ta b l e  A. 4 . 2 . 2 . 2 ( b ) .
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th e  wo r k o f H e s s o n  ( H e s s o n ,  1 9 5 3 )  i n  1 9 5 3 .  O n l y th o s e  c al c u l a‐
ti o n  m e th o d s  th at h ave  b e e n  l i s te d  o r  ap p r o ve d  s h o u l d  b e  u s e d
fo r  d e s i g n  p u r p o s e s .

T h e  modifed  H F L O W c al c u l a ti o n  m e th o d  i s  b as e d  o n  m a j o r
modifcations  b y E l l i o t e t al .  ( 1 9 8 4 )  o f a  c a l c u l ati o n  m e th o d
c a l l e d  H F L O W,  d e ve l o p e d  b y th e  J e t P r o p u l s i o n  L a b o r a to r y.
T h e  r e vi s e d  m e th o d  i s  c ap ab l e  o f p r e d i c ti n g th e  two -p h as e  fow
c h a r ac te r i s ti c s  o f c l e a n  a ge n ts  b a s e d  o n  th e i r  th e r m o d yn am i c
p r o p e r ti e s .  T h i s  m e th o d  c a n  c a l c u l ate  th e  fow c h ar ac te r i s ti c s
o f fre  s u p p r e s s i o n  ag e n ts  a c r o s s  th e  wi d e  r a n ge  o f r e a l  e n g i ‐
n e e r i n g s ys te m s  i n  r e as o n ab l e  ti m e  s c a l e s .

To  s i m p l i fy th e  m e th o d o l o gy,  th e  fo l l o wi n g b a s i c  as s u m p ‐
ti o n s  ar e  m ad e :

( 1 ) T h e  c o n d i ti o n s  i n  th e  c yl i n d e r  ( e . g . ,  p r e s s u r e ,  te m p e r a‐
tu r e ,  an d  c o m p o s i ti o n )  ar e  s o l e l y fu n c ti o n s  o f th e  i n i ti al
c o n d i ti o n s  a n d  th e  o u ta ge  fr ac ti o n  ( fr a c ti o n  o f th e  i n i ti al

c h a r ge  m as s  h avi n g  l e ft th e  c yl i n d e r ) .  T h i s  a s s u m p ti o n
e ffe c ti ve l y i g n o r e s  th e  e ffe c t o n  th e  c yl i n d e r  e n e r g y
b a l a n c e  o f th e  i n c r e as e d  ki n e ti c  e n e r g y o f th e  fuid  l e a v‐

i n g th e  c yl i n d e r.
( 2 ) Qu as i - s te ad y fow e x i s ts .  T h e  a ve r a ge  fow r ate  o ve r  a

s m al l  ti m e  i n te r val  s te p  i s  e q u a l  to  th e  fow r a te  th a t

Tab l e  A. 5 . 2 . 2 . 2 ( b )  P i p i n g S ys te m s  Fi tti n gs  fo r U s e  i n  I n e r t G as
S ys te m s  D o wn s tre am  o f th e  P re s s u re  Re d uc e r

M ax i m um  P re s s u re
D o wn s tre am

o f th e  P re s s ure
Re d u c e r

at 7 0 ° F ( 2 1 ° C )
( up  to  an d  i n c l ud i n g)  M i n i m um  Ac c e p tab l e

Fi tti n gs

M ax i m u m
P i p e  S i z e

( N P S )p s i k P a  

1 , 0 0 0 6 , 8 9 5 C l as s  3 0 0  th r e ad e d  
m al l e ab l e  i r o n

3  i n .

C l as s  2 , 0 0 0  th r e ad e d /
we l d e d  fo r g e d  s te e l

Al l

C l as s  6 0 0  fanged  j o i n t Al l

1 , 3 5 0 9 , 3 0 8 C l as s  3 0 0  th r e ad e d  
m al l e ab l e  i r o n

2  i n .

C l as s  2 , 0 0 0  th r e ad e d /
we l d e d  fo r g e d  s te e l

Al l

C l as s  6 0 0  fanged  j o i n t Al l

1 , 5 0 0 1 0 , 3 4 3 C l as s  3 0 0  th r e ad e d  
m al l e ab l e  i r o n

2  i n .

C l as s  2 , 0 0 0  th r e ad e d /
we l d e d  fo r g e d  s te e l

Al l

C l as s  9 0 0  fanged  j o i n t Al l

2 , 0 0 0 1 3 , 7 9 0 C l as s  3 0 0  th r e ad e d  
m al l e ab l e  i r o n

1  i n .

C l as s  2 , 0 0 0  th r e ad e d /
we l d e d  fo r g e d  s te e l

Al l

C l as s  9 0 0  fanged  j o i n t Al l

wo u l d  e x i s t i f th e  c yl i n d e r  c o n d i ti o n s  we r e  h e l d  s te a d y
d u r i n g th at ti m e  s te p .

( 3 ) T h e  h e a t tr an s fe r r e d  fr o m  th e  p i p e  wa l l s  to  th e  fowing
fuid  i s  o fte n  insignifcant.

( 4 ) T h e  fow th r o u gh  th e  p i p e  n e two r k i s  h o m o g e n e o u s .
L i q u i d  fow a n d  va p o r  fow th r o u g h  th e  p i p i n g  a r e  a t th e
s a m e  ve l o c i ty a n d  e ve n l y d i s p e r s e d .

C al c u l a ti o n  c an n o t b e  d o n e  wi th o u t a d e q u a te  m an u fac tu r ‐
e r ’ s  h ar d war e  d ata.  T h i s  d ata i n c l u d e s  d i p  tu b e  a n d  m an i fo l d
e q u i val e n t l e n g th s  a n d  n o z z l e  d i s c h a r ge  coeffcients.

Re q u i r e d  i n p u t d a ta  i n c l u d e  c yl i n d e r  vo l u m e ,  va l ve  a n d  d i p
tu b e  e q u i va l e n t l e n g th s ,  ag e n t m a s s  a n d  te m p e r atu r e ,  p i p e

l e n g th  an d  d i am e te r,  e l e va ti o n ,  fttings,  n o z z l e  ar e a ,  an d
d i s c h ar g e  coeffcients.  O u tp u t d a ta  fo r  e a c h  n o d e  ( e . g . ,  p i p e ,

c yl i n d e r,  o r  n o z z l e )  i n c l u d e  p r e s s u r e ,  te m p e r a tu r e ,  c o m p o n e n t
fr a c ti o n ,  p h a s e  d i s tr i b u ti o n ,  m a s s  fow r a te ,  an d  ve l o c i ty.

D u e  to  i ts  c o m p l e x i ty,  th e  H F L O W m e th o d  d o e s  n o t l e n d
i ts e l f to  h a n d  c al c u l ati o n .

T h e  modifed  H e s s o n  c al c u l a ti o n  m e th o d o l o gy i s  a two -
p h as e  fow m e th o d  frst d e ve l o p e d  b y H e s s o n  fo r  c a l c u l ati n g
p r e s s u r e  d r o p  a l o n g  a  p i p e l i n e  fowing  c ar b o n  d i o x i d e .  H e s s o n

a d a p te d  B e r n o u l l i ’ s  e q u a ti o n  fo r  e as e  o f u s e  wi th  c o m p r e s s i b l e ,
two -p h as e  fow.  I t was  refned  b y H .  V.  Wi l l i am s o n  a n d  th e n
Wys o c ki  ( 1 9 9 6 )  fo r  u s e  wi th  H a l o n  1 3 0 1  an d  o th e r  c l e a n

a ge n ts .

T h e  two -p h a s e  fow m e th o d  m o d e l s  th e  fo l l o wi n g  th r e e  b as i c
fow c o n d i ti o n s  fo r  a  liquefed  c o m p r e s s e d  ga s  d i s c h a r ge  fr o m
a s to r ag e  c o n tai n e r :

( 1 ) T h e  i n i ti a l  tr an s i e n t d i s c h a r ge  d u r i n g  wh i c h  a ge n t fows
fr o m  th e  c o n ta i n e r  an d  c o o l s  th e  p i p e

( 2 ) A q u a s i –s te a d y s tate  fow d u r i n g  wh i c h  th e  ag e n t i s
as s u m e d  to  m a i n tai n  a  c o n s ta n t e n th al p y ( ad i ab a ti c )

c o n d i ti o n  wi th  c o n s ta n t m as s  fow r a te
( 3 ) T h e  fnal  tr an s i e n t d i s c h ar g e  d u r i n g  wh i c h  th e  two -p h a s e

fow i s  r e p l ac e d  b y an  e s s e n ti a l l y vap o r  d i s c h a r ge  a s  th e
s to r ag e  c o n tai n e r  e m p ti e s

T h e  p r e s s u r e  d r o p  d u r i n g th e  q u as i –s te ad y s tate  fow i s
b a s e d  o n  th e  wo r k o f H e s s o n  ( 1 9 5 3 ) .  T h e  tr an s i e n t c o n d i ti o n s

ar e  m o d e l e d  u s i n g  s tan d ar d  th e r m o d yn a m i c s .  D u r i n g  te s ti n g  o f
th e  two - p h as e  m e th o d o l o gy wi th  H al o n  1 3 0 1 ,  m e c h an i c a l  s e p a‐
r ati o n  o f th e  l i q u i d  an d  va p o r  p h a s e s  d u e  to  c e n tr i p e tal  fo r c e s

was  o b s e r ve d .  T h i s  e ffe c t h as  b e e n  n o te d  fo r  e ve r y liquefed
c o m p r e s s e d  ga s  te s te d  to  d a te .  T h e  e ffe c t i s  n o t p r e d i c te d  b y
th e r m o d yn am i c s  b u t was  i n fe r r e d  fr o m  te s t d ata an d  confrmed

u s i n g  u l tr a -h i g h -s p e e d  p h o to g r ap h y ( H T  Re s e ar c h  I n s ti tu te ,
1 9 7 3 ) .  To  a c c u r ate l y p r e d i c t th e  q u a n ti ty o f a ge n t d i s c h ar g e
fr o m  e ac h  n o z z l e  i n  a  s ys te m ,  e m p i r i c a l  c o r r e c ti o n s  b as e d  o n

th e  d e g r e e  o f fow s p l i t,  o r i e n ta ti o n  o f th e  te e  j u n c ti o n ,  c o m p o ‐
n e n t fr ac ti o n ,  a n d  p h as e  d i s tr i b u ti o n  a r e  d e ve l o p e d  fo r  th e
specifc  liquefed  c o m p r e s s e d  g as .

T h e  p r e s s u r e  d r o p  c al c u l a ti o n  fo r  th e  q u as i –s te ad y s ta te  fow
u s i n g  H e s s o n ’ s  a d ap ti o n  o f B e r n o u l l i ’ s  e q u a ti o n  c a n  b e  d o n e

b y h an d .  T h e  c al c u l ati o n  o f tr a n s i e n t c o n d i ti o n s  an d  th e  c a l c u ‐
l ati o n  o f m e c h a n i c al  s e p ar a ti o n  e ffe c ts  a t te e s ,  an d  th e i r  e ffe c t
o n  p r e s s u r e  d r o p  an d  q u an ti ty o f ag e n t d i s c h ar g e d  fr o m  e a c h

n o z z l e  i n  an  u n b al a n c e d  s ys te m ,  r e q u i r e  m an y c o m p l e x  i te r a‐
ti o n s .  M an u al  c a l c u l ati o n  o f th e s e  e ffe c ts  i s  n o t p r ac ti c al .
T h e r e fo r e ,  a l i s te d  a n d  a p p r o ve d  c o m p u te r  p r o gr a m  m u s t b e

u s e d  fo r  a  c o m p l e te  c al c u l a ti o n .
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Re q u i r e d  i n p u t d a ta  i n c l u d e  c yl i n d e r  vo l u m e ,  a ge n t m as s
a n d  te m p e r a tu r e ,  val ve  a n d  d i p  tu b e  e q u i val e n t l e n g th s ,  p i p e
l e n gth s ,  e l e vati o n  c h a n ge s ,  fttings,  an d  p r e -d i s c h ar g e  p i p e

te m p e r a tu r e .  M o s t p r o g r am s  p e r m i t th e  u s e r  to  s p e c i fy e i th e r
th e  r e q u i r e d  fow r ate  o r  th e  a ge n t q u an ti ty fo r  e a c h  n o z z l e  o r
th e  “ a s -b u i l t”  s ys te m  c o n d i ti o n .  I f fow r a te  o r  ag e n t q u a n ti ty i s
specifed,  th e  p r o g r am  wi l l  c al c u l a te  th e  r e q u i r e d  p i p e  an d

n o z z l e  d i am e te r s .  I f an  “ as -b u i l t”  c o n d i ti o n  i n c l u d i n g  p i p e  an d
n o z z l e  d i a m e te r s  i s  specifed,  th e  p r o gr a m  c al c u l a te s  s ys te m
fow r ate s .  I n  e i th e r  c a s e ,  p r e s s u r e  d r o p ,  d i s c h ar g e  ti m e ,  an d

q u an ti ty d i s c h a r ge d  fr o m  e ac h  n o z z l e  ar e  r e p o r te d .

Inert gas fow calculations.  I n e r t ga s e s  p r e s e n t a  p r o b l e m  i n
s i n gl e -p h a s e  c o m p r e s s i b l e  fow.  M a n y fuid  d yn a m i c s  h a n d ‐

b o o ks  p r o vi d e  fo r m u l as  fo r  c o m p r e s s i b l e  g as  fow th at c an  b e
s u i tab l e  fo r  r e l a ti ve l y s i m p l e  p i p e  n e two r ks  wi th  s h o r t l e n g th s
o f p i p e .  T h e s e  fo r m u l a s  ar e  i n ad e q u ate  to  c a l c u l ate  s ys te m s

u s i n g  l o n g e r  p i p e  l e n g th s  wi th  c o m p l e x  confgurations.
Wys o c ki  a n d  C h r i s te n s e n  ( Wys o c ki  e t a l . ,  1 9 9 6 )  ad a p te d  th e
wo r k o f H e s s o n  fo r  u s e  wi th  s i n g l e -p h as e  c o m p r e s s i b l e  ga s e s .

I n e r t g as  d i s c h ar g e  fr o m  a c yl i n d e r  i n to  a p i p e  an d  n o z z l e
n e two r k i n vo l ve s  th e  fo l l o wi n g  th r e e  s ta ge s :

( 1 ) T h e  i n i ti al  tr an s i e n t p h as e  as  th e  g as  fows  i n to  th e  p i p e
an d  flls  th e  p i p e  u p  to  th e  n o z z l e s .  T h e r e  i s  a m a r ke d

var i ati o n  b e twe e n  th e  ti m e  a t wh i c h  var i o u s  n o z z l e s  i n  an
u n b al a n c e d  p i p e  n e two r k b e gi n  d i s c h ar g i n g  ag e n t.

( 2 ) F u l l  fow,  d u r i n g wh i c h  a l l  n o z z l e s  d i s c h a r ge  ag e n t.  T h i s  i s
a d yn a m i c  c o n d i ti o n  d u r i n g wh i c h  th e  fow r ate s ,  ag e n t

te m p e r a tu r e s ,  an d  p r e s s u r e  c o n d i ti o n s  c o n s tan tl y c h a n ge .
( 3 ) F i n al  tr an s i e n t c o n d i ti o n ,  d u r i n g  wh i c h  th e  s to r a ge

c o n tai n e r  an d  p i p e l i n e  e m p ty.  C o m p l e x  c h a n ge s  i n  fow
r ate s  a t th e  i n d i vi d u a l  n o z z l e s  take  p l a c e .

F l o w i n  th e s e  s ys te m s  i s  n e i th e r  a d i a b ati c  n o r  i s o th e r m al
( i . e . ,  th e  two  c l a s s i c a l  l i m i ts ) .  T h e  c o m p l e x i ty o f th e  c al c u l a ti o n
fo r l ar g e ,  u n b a l a n c e d  p i p e  n e two r ks  n e c e s s i tate s  u s e  o f a l i s te d

o r  a p p r o ve d  c o m p u te r  p r o gr a m .

Re g ar d l e s s  o f th e  m e th o d  u s e d  fo r  fow c al c u l a ti o n s ,  c e r tai n
l i m i ts  ar e  e s tab l i s h e d  d u r i n g  th e  l i s ti n g  a n d  ap p r o va l  p r o c e s s
fo r th e  fow c a l c u l ati o n .  Typ i c al  l i m i ts  i n c l u d e  th e  fo l l o wi n g :

( 1 ) L i m i t o n  d e g r e e  o f s p l i t at te e s
( 2 ) L i m i ts  o n  th e  o r i e n tati o n  o f te e s
( 3 ) L i m i ts  o n  a ge n t ar r i va l  ti m e
( 4 ) L i m i ts  o n  ag e n t “ r u n  o u t”  o r  “ e n d  o f l i q u i d ”  ti m e  d i ffe r ‐

e n c e s  b e twe e n  n o z z l e s
( 5 ) M i n i m u m  p r e s s u r e  l i m i ts
( 6 ) M i n i m u m  fow d e n s i ty l i m i ts
( 7 ) M ax i m u m  an d  m i n i m u m  s to r ag e  c o n tai n e r  fll  d e n s i ty

l i m i ts
( 8 ) Ad d i ti o n a l  l i m i ts  specifc  to  th e  fow c al c u l a ti o n  p r o gr a m

T h e  r e s u l ts  o f th e  c al c u l a ti o n  m u s t b e  c h e c ke d  to  ve r i fy th at
l i m i ts  h a ve  n o t b e e n  e x c e e d e d .  C o m p u te r i z e d  c al c u l a ti o n s

ge n e r a l l y r e p o r t wa r n i n g  o r  e r r o r  m e s s ag e s  i f th e  s ys te m  fal l s
o u ts i d e  p r o gr a m  l i m i ts .

A.6.2.1    A l i s te d  o r  a p p r o ve d  c al c u l a ti o n  m e th o d  s h o u l d
p r e d i c t a ge n t m as s  d i s c h a r ge d  p e r  n o z z l e ,  ave r ag e  n o z z l e  p r e s ‐

s u re ,  an d  s ys te m  d i s c h ar g e  ti m e  wi th i n  th e  fo l l o wi n g l i m i ts  o f
ac c u r ac y:

( 1 ) T h e  m as s  o f a ge n t p r e d i c te d  to  d i s c h ar g e  fr o m  a n o z z l e
b y th e  fow c al c u l ati o n  m e th o d  s h o u l d  a gr e e  wi th  m as s  o f
a ge n t m e as u r e d  fr o m  th e  n o z z l e  b y ± 1 0  p e r c e n t o f th e

p r e d i c te d  val u e .  A s ta n d ar d  d e vi ati o n  o f th e  p e r c e n tag e

d i ffe r e n c e s  b e twe e n  m e as u r e d  an d  p r e d i c te d  n o z z l e
a ge n t q u an ti ti e s ,  r e l ati ve  to  z e r o ,  s h o u l d  n o t b e  gr e a te r
th an  5  p e r c e n t.

( 2 ) T h e  s ys te m  d i s c h a r ge  ti m e  p r e d i c te d  b y th e  fow c a l c u l a‐
ti o n  m e th o d  s h o u l d  ag r e e  wi th  th e  ac tu al  s ys te m

d i s c h ar g e  ti m e  val u e  o r  b y ± 1  s e c o n d  fo r  h a l o c ar b o n
s ys te m s  o r  ± 1 0  s e c o n d s  fo r  i n e r t g as  s ys te m s ,  wh i c h e ve r  i s

g r e ate r.
( 3 ) T h e  ave r ag e  n o z z l e  p r e s s u r e s  p r e d i c te d  b y th e  fow c a l c u ‐

l ati o n  m e th o d  s h o u l d  ag r e e  wi th  th e  ac tu al  n o z z l e  p r e s ‐
s u r e s  b y ± 1 0  p e r c e n t o f th e  p r e d i c te d  val u e .

( 4 ) T h e  n o z z l e  p r e s s u r e  s h o u l d  n o t fal l  b e l o w th e  m i n i m u m
o r  a b o ve  th e  m ax i m u m  n o z z l e  p r e s s u r e  r e q u i r e d  fo r  th e

n o z z l e  to  u n i fo r m l y d i s tr i b u te  th e  ag e n t th r o u gh o u t th e
vo l u m e  th at th e  n o z z l e ’ s  d i s c h a r ge  i s  to  p r o te c t.

A.7.1    P a r ag r ap h  6 . 1 . 3 . 3  o f N F PA 7 5  o ffe r s  c l e ar  g u i d an c e  o n
th e  c o n s tr u c ti o n  o f an  e n c l o s u r e  b e i n g  p r o te c te d  b y c l e an

ag e n t fre-e x ti n gu i s h i n g  s ys te m s ,  specifcally th a t “ th e  fre-
resistant-rated  e n c l o s u r e s  s h al l  e x te n d  fr o m  th e  s tr u c tu r a l  foor

to  th e  s tr u c tu r al  foor  a b o ve  o r  to  th e  r o o f. ”   P r o p e r  r o o m
c o n s tr u c ti o n  wi l l  e n s u r e  th a t th e  i n te gr i ty o f th e  r o o m  wi l l  b e
m a i n tai n e d  a n d  th a t th e  e x ti n gu i s h i n g  a ge n t c o n c e n tr a ti o n  wi l l

b e  h e l d  fo r  th e  r e q u i r e d  d u r ati o n .

T h e  p r o vi s i o n  o f an  e n c l o s u r e  c an  c r e ate  an  u n n e c e s s ar y
e x p l o s i o n  h a z a r d  wh e r e  o th e r wi s e  o n l y a fre  h az ar d  e x i s ts .  A
h a z ar d  an al ys i s  s h o u l d  b e  c o n d u c te d  to  d e te r m i n e  th e  r e l ati ve

m e r i ts  o f d i ffe r i n g  d e s i gn  c o n c e p ts  — fo r  e x am p l e ,  wi th  an d
wi th o u t e n c l o s u r e s  — an d  th e  m o s t r e l e van t m e an s  o f fre
p r o te c ti o n .

A.7.1 .6.1    N F PA 7 5 ,  9 . 1 . 1 . 3 ,  r e q u i r e s  a n  au to m ati c  fre  s u p p r e s ‐
s i o n  s ys te m  to  b e  i n s tal l e d  fo r  th e  p r o te c ti o n  o f th e  ar e a  b e l o w
th e  r ai s e d  foor  i n  a n  i n fo r m a ti o n  te c h n o l o gy e q u i p m e n t r o o m

o r  i n fo r m ati o n  te c h n o l o gy e q u i p m e n t a r e a c o n ta i n i n g  c o m b u s ‐
ti b l e  m ate r i al .  N F PA 7 5 ,  A. 9 . 1 . 1 . 3 ,  n o te s  th at h al o c ar b o n  ag e n ts
s h o u l d  n o t b e  u s e d  to  p r o te c t th e  s p ac e  b e l o w a  r ai s e d  foor

u n l e s s  th e  s p ac e  ab o ve  th e  r ai s e d  foor  i s  l i ke wi s e  p r o te c te d  b y
th e  s ys te m  an d  th e  s ys te m  i s  d e s i g n e d  to  d i s c h a r ge  s i m u l tan e ‐
o u s l y i n to  b o th  th e  s p ac e  b e l o w th e  r ai s e d  foor  a n d  th e  r o o m

ab o ve  th e  r a i s e d  foor.

D u r i n g an d  afte r  a  d i s c h a r ge ,  s o m e  o f th e  a ge n t fr o m  th e
s p ac e  u n d e r  th e  r ai s e d  foor  wi l l  m i g r ate  i n to  th e  r o o m  ab o ve
th e  r a i s e d  foor.  I f a n y fre  e x i s ts  i n  th e  e q u i p m e n t ab o ve  th e

r ai s e d  foor,  th e  ag e n t at a c o n c e n tr ati o n  b e l o w th e  e x ti n g u i s h ‐
i n g c o n c e n tr ati o n  m ay b e  e x p o s e d  to  th e  fre.  I f th e  ag e n t i s  a
h a l o c ar b o n ,  c o n s i d e r a b l e  d e c o m p o s i ti o n  o f th e  a ge n t c o u l d

o c c u r.  N o te  th at N F PA 1 2 A,  i n  5 . 3 . 1 . 2 ,  a l s o  p r o h i b i ts  th e  u s e  o f
H al o n  1 3 0 1  fo r  fooding  th e  s p a c e  u n d e r  a r a i s e d  foor  i f th e
r o o m  a b o ve  th e  r ai s e d  foor  i s  n o t s i m u l tan e o u s l y p r o te c te d  b y

th e  H al o n  1 3 0 1  to ta l  fooding  s ys te m .

A.7.1 .7    E x am p l e s  o f ve n ti l a ti o n  s ys te m s  n e c e s s ar y to  e n s u r e
s a fe ty i n c l u d e  c o o l i n g o f vi tal  e q u i p m e n t r e q u i r e d  fo r  p r o c e s s

s a fe ty an d  ve n ti l ati o n  s ys te m s  r e q u i r e d  fo r  c o n tai n m e n t o f
h a z a r d o u s  m ate r i a l s .  Wh e r e  r e c i r c u l ati n g  ve n ti l ati o n  i s  n o t s h u t

o ff,  a d d i ti o n al  ag e n t c o u l d  b e  n e e d e d  to  c o m p e n s a te  fo r  r o o m
l e akag e  d u r i n g th e  h o l d  ti m e .

A.7.1 .8    E n c l o s u r e  p r e s s u r e s  d e ve l o p e d  d u r i n g  th e  d i s c h ar g e
o f a  c l e a n  ag e n t s ys te m  ar e  d e p e n d e n t o n  m an y va r i a b l e s ,
i n c l u d i n g  fac to r s  u n i q u e  to  e a c h  a ge n t,  s ys te m ,  an d  e n c l o s u r e .

O ve r-  o r  u n d e r p r e s s u r i z ati o n  o f th e  e n c l o s u r e  c an  o c c u r
d u r i n g th e  d i s c h ar g e .
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N A. 7 . 2 . 2 . 1 . 3    D e e p - s e a te d  fres  i n vo l vi n g  C l as s  A fu e l s  c a n
re q u i r e  s u b s ta n ti al l y h i g h e r  d e s i g n  c o n c e n tr ati o n s  an d  l o n ge r

h o l d i n g  ti m e s  th a n  th o s e  r e q u i r e d  fo r  s u r fac e -typ e  fres  i n vo l v‐
i n g  C l a s s  A fu e l s .

Δ A. 7 . 2 . 2 . 2 . 1    T h i s  s tan d ar d  r e q u i r e s  th at th e  fame-
e x ti n g u i s h i n g c o n c e n tr ati o n  o f a ga s e o u s  ag e n t fo r  a  C l as s  B
fu e l  b e  d e te r m i n e d  b y th e  c u p  b u r n e r  m e th o d .  C u p  b u r n e r

te s ti n g i n  th e  p as t h as  i n vo l ve d  a  var i e ty o f te c h n i q u e s ,  a p p a r a‐
tu s ,  an d  i n ve s ti ga to r s .  I t wa s  r e p o r te d  b y S e n e c a l  ( 2 0 0 5 )  th at
signifcant i n c o n s i s te n c i e s  a r e  a p p a r e n t i n  C l as s  B  fame-

e x ti n g u i s h i n g d a ta  fo r  i n e r t g as e s  c u r r e n tl y i n  u s e  i n  n a ti o n al
an d  i n te r n a ti o n al  s tan d ar d s .  I n  2 0 0 3 ,  th e  te c h n i c al  c o m m i tte e
fo r  N F PA 2 0 0 1  a p p o i n te d  a  tas k gr o u p  to  d e ve l o p  an  i m p r o ve d

c u p  b u r n e r  te s t m e th o d .  T h r o u g h  th i s  e ffo r t,  th e  d e g r e e  o f
s tan d ar d i z ati o n  o f th e  c u p  b u r n e r  te s t m e th o d  wa s  signifcantly
i m p r o ve d .  A s tan d ar d  c u p  b u r n e r  te s t p r o c e d u r e  wi th  defned

a p p ar atu s  h a s  n o w b e e n  e s ta b l i s h e d  a n d  i s  o u tl i n e d  i n
An n e x  B .  Va l u e s  fo r  m i n i m u m  fame-e x ti n g u i s h i n g c o n c e n tr a‐
ti o n  ( M E C )  fo r  ga s e o u s  ag e n ts  a d d r e s s e d  i n  th i s  s ta n d ar d  a r e

g i ve n  i n  Tab l e  A. 7 . 2 . 2 . 2 . 1 .  Wh i l e  M E C  d ata i s  p r e s e n te d  fo r  n -
h e p tan e ,  th i s  d o e s  n o t r e p l ac e  th e  r e q u i r e m e n t to  d e te r m i n e
th e  M E C  fo r  th e  specifc  fu e l .  O th e r  fu e l s  c an  r e q u i r e  signif‐
cantly h i g h e r  e x ti n g u i s h i n g  c o n c e n tr a ti o n s .

•
N A. 7 . 2 . 2 . 3    T h e  fo l l o wi n g  s te p s  d e tai l  th e  fre  e x ti n gu i s h m e n t/

a r e a c o ve r ag e  fre  te s t p r o c e d u r e  fo r  e n g i n e e r e d  an d  p r e -
e n g i n e e r e d  c l e an -a ge n t-e x ti n gu i s h i n g -s ys te m  u n i ts :

( 1 ) T h e  g e n e r al  p r o c e d u r e s  ar e  as  fo l l o ws :

( a) An  e n gi n e e r e d  o r  p r e -e n g i n e e r e d  e x ti n g u i s h i n g
s ys te m  s h o u l d  m i x  an d  d i s tr i b u te  i ts  e x ti n g u i s h i n g
ag e n t an d  s h o u l d  to tal l y food  a n  e n c l o s u r e  wh e n

te s te d  i n  ac c o r d a n c e  wi th  th e  r e c o m m e n d ati o n s  o f
A. 7 . 2 . 2 . 3 ( 1 ) ( c )  th r o u gh  A. 7 . 2 . 2 . 3 ( 6 ) ( f)  u n d e r  th e

m a x i m u m  d e s i gn  l i m i ta ti o n s  an d  m o s t s e ve r e  i n s tal ‐
l ati o n  i n s tr u c ti o n s .  S e e  al s o  A. 7 . 2 . 2 . 3 ( 1 ) ( b ) .

( b ) Wh e n  te s te d  a s  d e s c r i b e d  i n  A. 7 . 2 . 2 . 3 ( 2 ) ( a)
th r o u g h  A. 7 . 2 . 2 . 3 ( 5 ) ( b ) ,  a n  e x ti n g u i s h i n g s ys te m

u n i t s h o u l d  e x ti n g u i s h  al l  fres  wi th i n  3 0  s e c o n d s
a fte r  th e  e n d  o f s ys te m  d i s c h ar g e .  Wh e n  te s te d  a s

d e s c r i b e d  i n  A. 7 . 2 . 2 . 3 ( 2 ) ( a)  th r o u g h
A. 7 . 2 . 2 . 3 ( 3 ) ( c )  an d  A. 7 . 2 . 2 . 3 ( 6 ) ( a)  th r o u g h

A. 7 . 2 . 2 . 3 ( 6 ) ( f) ,  an  e x ti n g u i s h i n g s ys te m  s h o u l d
p r e ve n t r e i gn i ti o n  o f th e  wo o d  c r i b  a fte r  a  1 0 -

m i n u te  s o a k p e r i o d .
( c ) T h e  te s ts  d e s c r i b e d  i n  A. 7 . 2 . 2 . 3 ( 2 ) ( a)  th r o u g h

A. 7 . 2 . 2 . 3 ( 6 ) ( f)  s h o u l d  b e  c a r r i e d  o u t.  C o n s i d e r  th e
i n te n d e d  u s e  an d  l i m i ta ti o n s  o f th e  e x ti n g u i s h i n g

s ys te m ,  wi th  specifc  r e fe r e n c e  to  th e  fo l l o wi n g :

i . T h e  ar e a  c o ve r ag e  fo r  e ac h  typ e  o f n o z z l e
i i . T h e  o p e r ati n g  te m p e r atu r e  r an g e  o f th e

s ys te m
i i i . L o c ati o n  o f th e  n o z z l e s  i n  th e  p r o te c te d  a r e a
i v. E i th e r  m a x i m u m  l e n gth  a n d  s i z e  o f p i p i n g

an d  n u m b e r  o f fttings  to  e a c h  n o z z l e  o r  m i n i ‐
m u m  n o z z l e  p r e s s u r e

v. M ax i m u m  d i s c h a r ge  ti m e
vi . M ax i m u m  fll  d e n s i ty

( 2 ) T h e  te s t e n c l o s u r e  c o n s tr u c ti o n  i s  as  fo l l o ws :

( a) T h e  e n c l o s u r e  fo r  th e  te s t s h o u l d  b e  c o n s tr u c te d  o f
e i th e r  i n d o o r - o r  o u td o o r -g r ad e  m i n i m u m  3 ∕8  i n .

( 9 . 5  m m ) –th i c k p l ywo o d  o r  e q u i val e n t m ate r i a l .

( b ) An  e n c l o s u r e ( s )  i s  to  b e  c o n s tr u c te d  h avi n g th e
m a x i m u m  a r e a c o ve r ag e  fo r  th e  e x ti n g u i s h i n g -
s ys te m  u n i t o r  n o z z l e  b e i n g  te s te d  an d  th e  m i n i ‐

m u m  an d  m ax i m u m  p r o te c te d  ar e a  h e i g h t
l i m i ta ti o n s .

T h e  te s t e n c l o s u r e ( s )  fo r  th e  m ax i m u m  h e i g h t,  famma‐
ble  l i q u i d ,  an d  wo o d  c r i b  fre  e x ti n gu i s h m e n t te s ts  n e e d

n o t h ave  th e  m ax i m u m  c o ve r a ge  ar e a ,  b u t s h o u l d  b e  a t
l e as t 1 3 . 1  ft ( 4 . 0  m )  wi d e  b y 1 3 . 1  ft ( 4 . 0  m )  l o n g an d

3 5 3 1  ft3  ( 1 0 0  m 3 )  i n  vo l u m e .
( 3 ) T h e  e x ti n gu i s h i n g  s ys te m  i s  as  fo l l o ws :

( a) A p r e - e n gi n e e r e d  typ e  o f e x ti n gu i s h i n g  s ys te m  u n i t
i s  to  b e  as s e m b l e d  u s i n g i ts  m ax i m u m  p i p i n g l i m i ta‐
ti o n s  wi th  r e s p e c t to  n u m b e r  o f fttings  a n d  l e n g th

o f p i p e  to  th e  d i s c h ar g e  n o z z l e s  a n d  n o z z l e  confgu‐
ration(s) ,  as  specifed  i n  th e  m a n u fac tu r e r ’ s  d e s i g n

a n d  i n s tal l ati o n  i n s tr u c ti o n s .

Δ Tab l e  A. 7 . 2 . 2 . 2 . 1  M i ni m u m  Fl am e  E x ti n gu i s h i n g
C o n c e n trati o n  ( Fu e l :  n - h e p tan e )

Age n t M E C  ( vo l  % ) N o te

F K- 5 -1 -1 2 - 4 . 5 M u l l e r,  2 0 0 2
H F C -1 2 5 - 8 . 7 H a r r i s o n  a n d  Ro b i n ,  2 0 0 1
H F C -2 2 7 e a 6 . 6 2 S e n e c al ,  2 0 0 8
H F C -2 3 -1 2 . 9 H a i n s wo r th  a n d  H a m m e l ,  

2 0 0 3
H F C -2 3 6 fa - 6 . 3 H ar r i s o n  a n d  Ro b i n ,  2 0 0 1
I G- 0 1 -4 3 . 2 F M  Ap p r o val s ,  2 0 0 5
I G- 1 0 0 3 2 . 6 F M  Ap p r o val s ,  2 0 0 5
I G- 5 4 1 -3 4 . 4 F M  Ap p r o val s ,  2 0 0 5
I G- 5 5 -3 6 . 2 F M  Ap p r o val s ,  2 0 0 5
H B - 5 5 5 . 5

N o te s :
( 1 )  Ta b l e  va l u e s  a r e  o n l y fo r  c u p  b u r n e r  va l u e s  e s ta b l i s h e d  o n  th e
ag e n ts  i n d e p e n d e n t o f e q u i p m e n t m a n u fa c tu r e r s  va l u e s .
( 2 )  C u p  b u r n e r  te s t d ata d e te r m i n e d  i n  a c c o r d a n c e  wi th  th e  te s t
m e th o d  d e s c r i b e d  i n  An n e x  C  h a s  n o t b e e n  p r o vi d e d  to  th e  c o m m i tte e
fo r  r e vi e w fo r  a n y a g e n t th a t i s  identifed  i n  Ta b l e  1 . 1 . 1  b u t n o t
i n c l u d e d  i n  th i s  ta b l e .
Tab l e  Re fe r e n c e s :
( a )  S e n e c a l ,  J . A. ,  “ S ta n d ar d i z i n g  th e  M e a s u r e m e n t o f M i n i m u m
E x ti n g u i s h i n g  C o n c e n tr a ti o n s  o f Ga s e o u s  Ag e n ts , ”  F i r e  Te c h n o l o g y,
Vo l .  4 4 ,  N o .  3 ,  p p .  2 0 7 –2 2 0 ,  S e p te m b e r  2 0 0 8 .
( b )  F M  Ap p r o va l s  C o n tr a c t Te s t Re p o r t,  “ C o m p a r a ti ve  c u p  b u r n e r
C l a s s  B  e x ti n g u i s h m e n t te s ts  o f i n e r t g a s  fre  e x ti n g u i s h i n g  a g e n ts , ”
P r o j e c t 3 0 1 6 2 1 4 ,  J a n u ar y 6 ,  2 0 0 5 .
( c )  H ai n s wo r th ,  R. F. ,  a n d  H o war d  S .  H a m m e l ,  “ C u p  B u r n e r  Va l u e s  F o r
D u P o n t F E -1 3  i n  Ac c o r d an c e  wi th  N F PA 2 0 0 1 -2 0 0 0  a n d  I S O  1 4 5 2 0 -1 , ”
E . I .  D u P o n t d e  N e m o u r s  &  C o .  I n c . ,  C h e s tn u t Ru n  P l a z a  7 1 1 / 1 2 1 4 A,
Wi l m i n g to n ,  D E ,  M a r c h  1 2 ,  2 0 0 3 .
( d )  M u l l e r,  A. ,  C N P P  Te s t Re p o r t YN  0 2  6 3 2 1 ,  “ Ac kn o wl e d g e m e n t o f
C u p  B u r n e r  M e a s u r e m e n ts  fo r  N O VE C ™  1 2 3 0 , ”  S t M a r c e l ,  F r a n c e ,
S e p te m b e r  1 3 ,  2 0 0 2 .
( e )  H a r r i s o n ,  M . A.  a n d  M a r k Ro b i n ,  Re p o r t H AI -8 7 1 5 -A,  “ C u p  B u r n e r
Te s ti n g  o f H e p ta n e  wi th  H F C -1 2 5  a n d  H F C -2 3 6 fa  i n  Ac c o r d a n c e  Wi th
I S O  1 4 5 2 0 - 1 , ”  H u g h e s  As s o c i a te s ,  We s t L a fa ye tte ,  I N ,  F e b r u a r y 1 4 ,
2 0 0 1 .



AN N E X  A 2001 -61

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

( b ) An  e n g i n e e r e d -typ e  e x ti n g u i s h i n g s ys te m  u n i t i s  to
b e  a s s e m b l e d  u s i n g  a p i p i n g a r r an g e m e n t th at
re s u l ts  i n  th e  m i n i m u m  n o z z l e  d e s i g n  p r e s s u r e  at

7 0 ° F  ( 2 1 ° C ) .
( c ) E x c e p t fo r  th e  fammable  l i q u i d  fre  te s t u s i n g  th e

2 . 5  ft2  ( 0 . 2 3  m 2 )  s q u ar e  p a n  a n d  th e  wo o d  c r i b
e x ti n g u i s h m e n t te s t,  th e  c yl i n d e r s  a r e  to  b e  c o n d i ‐

ti o n e d  to  th e  m i n i m u m  o p e r a ti n g te m p e r atu r e
specifed  i n  th e  m a n u fac tu r e r ’ s  i n s tal l a ti o n  i n s tr u c ‐

ti o n s .
( 4 ) T h e  e x ti n gu i s h i n g  c o n c e n tr ati o n  i s  as  fo l l o ws :

( a) T h e  e x ti n g u i s h i n g  ag e n t c o n c e n tr ati o n  fo r  e a c h
C l a s s  A te s t i s  to  b e  8 3 . 3 4  p e r c e n t o f th e  i n te n d e d

e n d  u s e  d e s i gn  c o n c e n tr ati o n  specifed  i n  th e
m a n u fac tu r e r ’ s  d e s i g n  a n d  i n s ta l l a ti o n  i n s tr u c ti o n s

at th e  am b i e n t te m p e r atu r e  o f a p p r o x i m a te l y 7 0 ° F
( 2 1 ° C )  wi th i n  th e  e n c l o s u r e .

( b ) T h e  e x ti n g u i s h i n g  ag e n t c o n c e n tr ati o n  fo r  e a c h
C l a s s  B  te s t i s  to  b e  7 6 . 9  p e r c e n t o f th e  i n te n d e d
e n d -u s e  d e s i gn  c o n c e n tr a ti o n  specifed  i n  th e
m a n u fac tu r e r ’ s  d e s i g n  a n d  i n s ta l l a ti o n  i n s tr u c ti o n s

at th e  am b i e n t te m p e r atu r e  o f a p p r o x i m a te l y 7 0 ° F
( 2 1 ° C )  wi th i n  th e  e n c l o s u r e .

( c ) T h e  c o n c e n tr a ti o n  fo r  i n e r t g as  c l e a n  a ge n ts  c a n  b e
a d j u s te d  to  ta ke  i n to  c o n s i d e r ati o n  a c tu a l  l e a ka ge
m e a s u r e d  fr o m  th e  te s t e n c l o s u r e .

( d ) T h e  c o n c e n tr ati o n  wi th i n  th e  e n c l o s u r e  fo r  h a l o c ar ‐
b o n  c l e an  ag e n ts  s h o u l d  b e  c al c u l a te d  u s i n g th e
fo l l o wi n g  fo r m u l a u n l e s s  i t i s  d e m o n s tr ate d  th at th e
te s t e n c l o s u r e  e x h i b i ts  signifcant l e akag e .  I f signif‐
cant te s t e n c l o s u r e  l e akag e  d o e s  e x i s t,  th e  fo r m u l a
u s e d  to  d e te r m i n e  th e  te s t e n c l o s u r e  c o n c e n tr a ti o n

o f h al o c ar b o n  c l e an  ag e n ts  c a n  b e  modifed  to
ac c o u n t fo r  th e  l e a ka ge  m e as u r e d .

W
V

s

C

C
=

−








100

wh e r e :
W = we i g h t o f c l e an  age n ts  [ l b  ( kg ) ]

V = vo l u m e  o f te s t e n c l o s u r e  [ ft3  ( m 3 ) ]
s = specifc  vo l u m e  o f c l e an  ag e n t a t te s t te m p e r atu r e

[ ft3 / l b  ( m 3 / kg ) ]
C = c o n c e n tr ati o n  ( vo l  % )

 
[A.7.2.2.3a]

( 5 ) T h e  fammable  l i q u i d  e x ti n g u i s h m e n t te s ts  a r e  a s  fo l l o ws :

( a) S te e l  te s t c a n s  h avi n g  a  n o m i n al  th i c kn e s s  o f
0 . 2 1 6  i n .  ( 5 . 5  m m )  ( s u c h  as  S c h e d u l e  4 0  p i p e )  an d
3 . 0  i n .  to  3 . 5  i n .  ( 7 6 . 2  m m  to  8 8 . 9  m m )  i n  d i am e te r

an d  a t l e as t 4  i n .  ( 1 0 2  m m )  h i g h ,  c o n tai n i n g  e i th e r
h e p tan e  o r  h e p ta n e  a n d  wa te r,  ar e  to  b e  p l ac e d

wi th i n  2  i n .  ( 5 0 . 8  m m )  o f th e  c o r n e r s  o f th e  te s t
e n c l o s u r e ( s )  an d  d i r e c tl y b e h i n d  th e  baffe,  an d

l o c ate d  ve rti c a l l y wi th i n  1 2  i n .  ( 3 0 5  m m )  o f th e  to p
o r  b o tto m  o f th e  e n c l o s u r e  o r  b o th  th e  to p  an d
b o tto m  i f th e  e n c l o s u r e  p e r m i ts  s u c h  p l ac e m e n t.  I f

th e  c an s  c o n tai n  h e p ta n e  an d  wa te r,  th e  h e p tan e  i s
to  b e  at l e a s t 2  i n .  ( 5 0 . 8  m m )  d e e p .  T h e  l e ve l  o f

h e p tan e  i n  th e  c a n s  s h o u l d  b e  at l e as t 2  i n .
( 5 0 . 8  m m )  b e l o w th e  to p  o f th e  c a n .  F o r  th e  m i n i ‐

m u m  r o o m  h e i gh t ar e a  c o ve r ag e  te s t,  c l o s ab l e  o p e n ‐
i n gs  ar e  p r o vi d e d  d i r e c tl y a b o ve  th e  c a n s  to  a l l o w

fo r  ve n ti n g p r i o r  to  s ys te m  i n s ta l l a ti o n .  I n  a d d i ti o n ,
fo r  th e  m i n i m u m  h e i gh t l i m i tati o n  a r e a c o ve r ag e
te s t,  a baffe  i s  to  b e  i n s tal l e d  b e twe e n  th e  foor  an d

c e i l i n g  i n  th e  c e n te r  o f th e  e n c l o s u r e .  T h e  baffe  i s
to  b e  p e r p e n d i c u l a r  to  th e  d i r e c ti o n  o f n o z z l e

d i s c h ar g e  a n d  to  b e  2 0  p e r c e n t o f th e  l e n g th  o r
wi d th  o f th e  e n c l o s u r e ,  wh i c h e ve r  i s  a p p l i c a b l e  wi th

r e s p e c t to  n o z z l e  l o c a ti o n .  F o r  th e  m a x i m u m  r o o m
h e i gh t e x ti n g u i s h m e n t te s t,  a n  a d d i ti o n al  te s t i s  to

b e  c o n d u c te d  u s i n g a  2 . 5  ft2  ( 0 . 2 3  m 2 )  s q u a r e  p an
l o c a te d  i n  th e  c e n te r  o f th e  r o o m  a n d  th e  s to r a ge

c yl i n d e r  c o n d i ti o n e d  to  7 0 ° F  ( 2 1 ° C ) .  T h e  te s t p a n  i s
to  c o n tai n  at l e a s t 2  i n .  ( 5 0 . 8  m m )  o f h e p ta n e ,  wi th
th e  h e p ta n e  l e ve l  at l e as t 2  i n .  ( 5 0 . 8  m m )  b e l o w th e

to p  o f th e  p a n .  F o r  a l l  te s ts ,  th e  h e p ta n e  i s  to  b e
i g n i te d  a n d  a l l o we d  to  b u r n  fo r  3 0  s e c o n d s ,  at
wh i c h  ti m e  al l  o p e n i n g s  ar e  to  b e  c l o s e d  an d  th e
e x ti n g u i s h i n g s ys te m  i s  to  b e  m an u a l l y ac tu a te d .  At

th e  ti m e  o f ac tu a ti o n ,  th e  p e r c e n t o f o x yg e n  wi th i n
th e  e n c l o s u r e  s h o u l d  b e  at l e a s t 2 0  p e r c e n t.

( b ) T h e  h e p tan e  i s  to  b e  c o m m e r c i al  g r ad e  h a vi n g th e
fo l l o wi n g  c h a r ac te r i s ti c s :

i . I n i ti al  b o i l i n g  p o i n t:  1 9 4 ° F  ( 9 0 ° C )  m i n i m u m
i i . D r y p o i n t:  2 1 2 ° F  ( 1 0 0 ° C )  m ax i m u m
i i i . Specifc  g r avi ty:  0 . 6 9 –0 . 7 3

( 6 ) T h e  wo o d  c r i b  e x ti n gu i s h m e n t te s ts  ar e  as  fo l l o ws :

( a) T h e  s to r ag e  c yl i n d e r  i s  to  b e  c o n d i ti o n e d  to  7 0 ° F
( 2 1 ° C ) .  T h e  te s t e n c l o s u r e  i s  to  h ave  th e  m a x i m u m
c e i l i n g  h e i gh t as  specifed  i n  th e  m a n u fac tu r e r ’ s

i n s ta l l a ti o n  i n s tr u c ti o n s .
( b ) T h e  wo o d  c r i b  i s  to  c o n s i s t o f fo u r  l a ye r s  o f s i x ,

tr a d e  s i z e  2  b y 2  ( 1 1 ∕2  i n .  b y 1 1 ∕2  i n . )  b y 1 8  i n .  l o n g ,
ki l n  s p r u c e  o r  fr  l u m b e r  h a vi n g a m o i s tu r e  c o n te n t

b e twe e n  9  p e r c e n t an d  1 3  p e rc e n t.  T h e  a l te r n ate
l aye r s  o f th e  wo o d  m e m b e r s  ar e  to  b e  p l ac e d  at

r i gh t a n gl e s  to  o n e  an o th e r.  T h e  i n d i vi d u al  wo o d
m e m b e r s  i n  e ac h  l aye r  ar e  to  b e  e ve n l y s p ac e d ,
fo r m i n g  a s q u ar e  d e te r m i n e d  b y th e  specifed

l e n g th  o f th e  wo o d  m e m b e r s .  T h e  wo o d  m e m b e r s
fo r m i n g  th e  o u ts i d e  e d ge s  o f th e  c r i b  ar e  to  b e
s tap l e d  o r  n ai l e d  to ge th e r.

( c ) I g n i ti o n  o f th e  c r i b  i s  to  b e  a c h i e ve d  b y th e  b u r n i n g
o f c o m m e r c i al -g r ad e  h e p ta n e  i n  a s q u ar e  s te e l  p an

2 . 5  ft2  ( 0 . 2 3  m 2 )  i n  ar e a a n d  n o t l e s s  th a n  4  i n .
( 1 0 1 . 6  m m )  i n  h e i g h t.  T h e  c r i b  i s  to  b e  c e n te r e d

wi th  th e  b o tto m  o f th e  c r i b  1 2  i n .  to  2 4  i n .  ( 3 0 4  to
6 0 9 . 6  m m )  a b o ve  th e  to p  o f th e  p an ,  a n d  th e  te s t

s tan d  c o n s tr u c te d  s o  as  to  al l o w fo r  th e  b o tto m  o f
th e  c r i b  to  b e  e x p o s e d  to  th e  atm o s p h e r e .

( d ) T h e  h e p ta n e  i s  to  b e  i gn i te d ,  a n d  th e  c r i b  i s  to  b e
al l o we d  to  b u r n  fr e e l y fo r  ap p r o x i m ate l y 6  m i n u te s
o u ts i d e  th e  te s t e n c l o s u r e .  T h e  h e p tan e  fre  i s  to

b u r n  fo r  3  to  3 1 ∕2  m i n u te s .  Ap p r o x i m ate l y 1 ∕4  g al
( 0 . 9 5  L )  o f h e p tan e  wi l l  p r o vi d e  a 3  to  3 1 ∕2  m i n u te
b u r n  ti m e .  J u s t p r i o r  to  th e  e n d  o f th e  p r e -b u r n

p e r i o d ,  th e  c r i b  i s  to  b e  m o ve d  i n to  th e  te s t e n c l o ‐
s u r e  an d  p l a c e d  o n  a  s ta n d  s u c h  th a t th e  b o tto m  o f

th e  c r i b  i s  b e twe e n  2 0  i n .  an d  2 8  i n .  ( 5 0 8  m m  an d
7 1 1  m m )  ab o ve  th e  foor.  T h e  c l o s u r e  i s  th e n  to  b e
s e a l e d .

( e ) Afte r  th e  c r i b  i s  al l o we d  to  b u r n  fo r  6  m i n u te s ,  th e
s ys te m  i s  to  b e  ac tu a te d .  At th e  ti m e  o f a c tu ati o n ,
th e  p e r c e n t o f o x yge n  wi th i n  th e  e n c l o s u r e  a t th e

l e ve l  o f th e  c r i b  s h o u l d  b e  a t l e a s t 2 0  p e r c e n t.
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( f) Afte r  th e  e n d  o f s ys te m  d i s c h ar g e ,  th e  e n c l o s u r e  i s
to  r e m a i n  s e al e d  fo r  1 0  m i n u te s .  Afte r  th e  1 0 -
m i n u te  s o a k p e r i o d ,  th e  c r i b  i s  to  b e  r e m o ve d  fr o m

th e  e n c l o s u r e  an d  o b s e r ve d  to  d e te r m i n e  wh e th e r
suffcient fu e l  r e m ai n s  to  s u s ta i n  c o m b u s ti o n  a n d  to

d e te c t s i g n s  o f r e - i g n i ti o n .
( 7 ) T h e  fo l l o wi n g i s  a  s c h e m ati c  o f th e  p r o c e s s  to  d e te r m i n e

th e  d e s i g n  q u an ti ty:

( a) D e te r m i n e  h a z a r d  fe a tu r e s ,  a s  fo l l o ws :

i . F u e l  typ e :  E x ti n gu i s h i n g  c o n c e n tr ati o n  ( E C )
p e r  7 . 2 . 2  o r  i n e r ti n g  c o n c e n tr ati o n  ( I C )  p e r

7 . 2 . 3
i i . E n c l o s u r e  vo l u m e
i i i . E n c l o s u r e  te m p e r atu r e
i v. E n c l o s u r e  b ar o m e tr i c  p r e s s u r e

( b ) D e te r m i n e  th e  a ge n t m i n i m u m  d e s i gn  c o n c e n tr a‐
ti o n  ( M D C )  b y m u l ti p l yi n g  E C  o r  I C  b y th e  s a fe ty

fac to r  ( S F ) :

M D C E C  o r  I C  S F= ( )

 
[A.7.2.2.3b]

( c ) D e te r m i n e  th e  a ge n t m i n i m u m  d e s i g n  q u an ti ty
( M D Q)  b y r e fe r r i n g to  7 . 3 . 1  fo r  h al o c ar b o n s  o r
7 . 3 . 2  fo r  i n e r t ga s e s

( d ) D e te r m i n e  wh e th e r  d e s i gn  fac to r s  ( D F )  a p p l y.  S e e
7 . 3 . 3  to  d e te r m i n e  i n d i vi d u al  D F  [ D F ( i ) ]  a n d  th e n
d e te r m i n e  s u m :

D F  =   D F iΣ ( )

 
[A.7.2.2.3c]

( e ) D e te r m i n e  th e  a ge n t ad j u s te d  m i n i m u m  d e s i g n
q u an ti ty ( AM D Q) :

AM D Q =  M D Q 1 D F+( )

 
[A.7.2.2.3d]

( f) D e te r m i n e  th e  p r e s s u r e  c o r r e c ti o n  fac to r  ( P C F)  p e r
7 . 3 . 3 . 3

( g) D e te r m i n e  th e  fnal  d e s i g n  q u an ti ty ( F D Q)  a s
fo l l o ws :

FD Q =  AM D Q P C F×

 
[A.7.2.2.3e]

Wh e r e  an y o f th e  fo l l o wi n g  c o n d i ti o n s  e x i s t,  h i gh e r  e x ti n ‐
g u i s h i n g  c o n c e n tr a ti o n s  m i g h t b e  r e q u i r e d :

( 1 ) C ab l e  b u n d l e s  gr e a te r  th an  4  i n .  ( 1 0 0  m m )  i n  d i am e te r
( 2 ) C ab l e  tr a ys  wi th  a  fll  d e n s i ty gr e a te r  th a n  2 0  p e r c e n t o f

th e  tr a y c r o s s  s e c ti o n
( 3 ) H o r i z o n ta l  o r  ve r ti c a l  s tac ks  o f c ab l e  tr a ys  l e s s  th an  1 0  i n .

( 2 5 0  m m )  ap ar t
( 4 ) E q u i p m e n t e n e r g i z e d  d u r i n g th e  e x ti n g u i s h m e n t p e r i o d

wh e r e  th e  c o l l e c ti ve  p o we r  c o n s u m p ti o n  e x c e e d s  5  kW

Fire extinguishment tests for (noncellulosic) Class A surface fres.
T h e  p u r p o s e  o f th e  te s ts  o u tl i n e d  i n  th i s  p r o c e d u r e  i s  to

d e ve l o p  th e  m i n i m u m  e x ti n g u i s h i n g c o n c e n tr a ti o n  ( M E C )  fo r
a ga s e o u s  fre  s u p p r e s s i o n  a ge n t fo r  a  r a n ge  o f n o n c e l l u l o s i c ,

s o l i d  p o l ym e r i c  c o m b u s ti b l e s .  I t i s  i n te n d e d  th a t th e  M E C  wi l l

b e  i n c r e as e d  b y ap p r o p r i a te  s afe ty fac to r s  a n d  fooding  fa c to r s
as  p r o vi d e d  fo r  i n  th e  s tan d a r d .

T h e s e  C l a s s  A te s ts  s h o u l d  b e  c o n d u c te d  i n  a  d r a ft-fr e e  r o o m
wi th  a  vo l u m e  o f at l e as t 3 5 3 0  ft3  ( 1 0 0  m 3 )  an d  a m i n i m u m

h e i g h t o f 1 1 . 5  ft ( 3 . 5  m )  an d  e ac h  wa l l  at l e as t 1 3 . 1  ft ( 4  m )
l o n g.  P r o vi s i o n s  s h o u l d  b e  m ad e  fo r  r e l i e f ve n ti n g  i f r e q u i r e d .

T h e  te s t o b j e c ts  a r e  a s  fo l l o ws :

( 1 ) T h e  p o l ym e r  fu e l  ar r ay c o n s i s ts  o f fo u r s h e e ts  o f p o l ym e r,
3 ∕8  i n .  ( 9 . 5 3  m m )  th i c k,  1 6  i n .  ( 4 0 6  m m )  tal l ,  an d  8  i n .

( 2 0 3  m m )  wi d e .  S h e e ts  ar e  s p ac e d  an d  l o c a te d  p e r  F i gu r e
A. 7 . 2 . 2 . 3 ( a ) .  T h e  b o tto m  o f th e  fu e l  a r r ay i s  l o c ate d  8  i n .

( 2 0 3  m m )  fr o m  th e  foor.  T h e  fu e l  s h e e ts  s h o u l d  b e
m e c h an i c al l y fxed  at th e  r e q u i r e d  s p a c i n g.

( 2 ) A fu e l  s h i e l d  i s  p r o vi d e d  ar o u n d  th e  fu e l  a r r ay as  i n d i c a‐
te d  i n  F i g u r e  A. 7 . 2 . 2 . 3 ( a) .  T h e  fu e l  s h i e l d  i s  1 5  i n .
( 3 8 1  m m )  wi d e ,  3 3 . 5  i n .  ( 8 5 1  m m )  h i gh ,  a n d  2 4  i n .

( 6 1 0  m m )  d e e p .  T h e  2 4  i n .  ( 6 1 0  m m )  wi d e  ×  3 3 . 5  i n .
( 8 5 1  m m )  h i gh  s i d e s  a n d  th e  2 4  i n .  ( 6 1 0  m m )  ×  1 5  i n .

( 3 8 1  m m )  to p  ar e  s h e e t m e tal .  T h e  r e m a i n i n g  two  s i d e s
an d  th e  b o tto m  a r e  o p e n .  T h e  fu e l  a r r ay i s  o r i e n te d  i n
th e  fu e l  s h i e l d  s u c h  th at th e  8  i n .  ( 2 0 3  m m )  d i m e n s i o n  o f

th e  fu e l  ar r a y i s  p a r al l e l  to  th e  2 4  i n .  ( 6 1 0  m m )  s i d e  o f
th e  fu e l  s h i e l d .

( 3 ) Two  e x te r n al  baffes  m e a s u r i n g  4 0  i n .  ×  4 0  i n .  ( 1  m  ×  1  m )
a n d  1 2  i n .  ( 0 . 3  m )  ta l l  ar e  l o c a te d  a r o u n d  th e  e x te r i o r  o f

th e  fu e l  s h i e l d  as  s h o wn  i n  F i gu r e  A. 7 . 2 . 2 . 3 ( a )  an d  F i gu r e
A. 7 . 2 . 2 . 3 ( b ) .  T h e  baffes  a r e  p l a c e d  3 . 5  i n .  ( 0 . 0 9  m )  ab o ve
th e  foor.  T h e  to p  baffe  i s  r o ta te d  4 5  d e gr e e s  wi th  r e s p e c t
to  th e  b o tto m  baffe.

( 4 ) Te s ts  a r e  c o n d u c te d  fo r  th r e e  p l a s ti c  fu e l s  — p o l ym e th yl
m e th ac r yl ate  ( P M M A) ,  p o l yp r o p yl e n e  ( P P ) ,  an d
a c r yl o n i tr i l e -b u tad i e n e -s tyr e n e  ( AB S )  p o l ym e r.  P l a s ti c

p ro p e r ti e s  ar e  g i ve n  i n  Ta b l e  A. 7 . 2 . 2 . 3 ( a ) .
( 5 ) T h e  i g n i ti o n  s o u r c e  i s  a h e p tan e  p a n  2  i n .  ×  2  i n .  ×  7 ∕8  i n .

d e e p  ( 5 1  m m  ×  5 1  m m  ×  2 2  m m  d e e p )  c e n te r e d  1 ∕2  i n .
( 1 2  m m )  b e l o w th e  b o tto m  o f th e  p l as ti c  s h e e ts .  T h e  p a n

i s  flled  wi th  3 . 0  m l  o f h e p ta n e  to  p r o vi d e  9 0  s e c o n d s  o f
b u r n i n g .

( 6 ) T h e  ag e n t d e l i ve r y s ys te m  s h o u l d  b e  d i s tr i b u te d  th r o u gh
an  ap p r o ve d  n o z z l e .  T h e  s ys te m  s h o u l d  b e  o p e r a te d  at
th e  m i n i m u m  n o z z l e  p r e s s u r e  ( ± 1 0  p e r c e n t)  an d  th e

m a x i m u m  d i s c h ar g e  ti m e  ( ± 1  s e c o n d ) .

T h e  te s t p r o c e d u r e  i s  a s  fo l l o ws :

( 1 ) T h e  p r o c e d u r e s  fo r  i g n i ti o n  ar e  as  fo l l o ws :

( a) T h e  h e p tan e  p a n  i s  i g n i te d  an d  a l l o we d  to  b u r n  fo r
9 0  s e c o n d s .

( b ) T h e  a ge n t i s  d i s c h a r ge d  2 1 0  s e c o n d s  afte r  i gn i ti o n
o f h e p tan e .

( c ) T h e  c o m p a r tm e n t r e m ai n s  s e a l e d  fo r  6 0 0  s e c o n d s
a fte r  th e  e n d  o f d i s c h ar g e .  E x ti n g u i s h m e n t ti m e  i s
n o te d .  I f th e  fre  i s  n o t e x ti n g u i s h e d  wi th i n
6 0 0  s e c o n d s  o f th e  e n d  o f a ge n t d i s c h a r ge ,  a h i gh e r

m i n i m u m  e x ti n gu i s h i n g  c o n c e n tr ati o n  m u s t b e
u ti l i z e d .

( d ) T h e  te s t i s  r e p e a te d  two  ti m e s  fo r  e ac h  fu e l  fo r  e a c h
c o n c e n tr a ti o n  e va l u a te d  an d  th e  e x ti n gu i s h m e n t
ti m e  ave r ag e d  fo r  e ac h  fu e l .  An y o n e  te s t wi th  an

e x ti n g u i s h m e n t ti m e  ab o ve  6 0 0  s e c o n d s  i s  c o n s i d ‐
e r e d  a fai l u r e .

( e ) I f th e  fre  i s  e x ti n g u i s h e d  d u r i n g th e  d i s c h ar g e
p e r i o d ,  th e  te s t i s  r e p e a te d  at a l o we r  c o n c e n tr a ti o n
o r  a d d i ti o n al  baffing p r o vi d e d  to  e n s u r e  th a t l o c al
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tr a n s i e n t d i s c h a r ge  e ffe c ts  a r e  n o t affe c ti n g  th e
e x ti n g u i s h m e n t p r o c e s s .

( f) At th e  b e gi n n i n g  o f th e  te s ts ,  th e  o x yge n  c o n c e n tr a‐
ti o n  m u s t b e  wi th i n  2  p e r c e n t ( ap p r o x i m ate l y
0 . 5  p e r c e n t b y vo l u m e  O 2 )  o f am b i e n t va l u e .

( g) D u r i n g  th e  p o s t-d i s c h ar ge  p e r i o d ,  th e  o x yge n
c o n c e n tr a ti o n  s h o u l d  n o t fa l l  b e l o w 0 . 5  p e r c e n t b y

vo l u m e  o f th e  o x yge n  l e ve l  m e a s u r e d  at th e  e n d  o f
ag e n t d i s c h a r ge .

( 2 ) T h e  o b s e r vati o n  an d  r e c o r d i n g p r o c e d u r e s  a r e  as  fo l l o ws :

( a) T h e  fo l l o wi n g d a ta  m u s t b e  r e c o r d e d  c o n ti n u o u s l y
d u r i n g th e  te s t:

i . O x yg e n  c o n c e n tr ati o n  ( ± 0 . 5  p e r c e n t)
i i . F u e l  m as s  l o s s  ( ± 5  p e r c e n t)
i i i . Ag e n t c o n c e n tr a ti o n  ( ± 5  p e r c e n t)  ( I n e r t ga s

c o n c e n tr ati o n  c an  b e  c a l c u l ate d  b as e d  o n
o x yg e n  c o n c e n tr ati o n . )

( b ) T h e  fo l l o wi n g e ve n ts  ar e  ti m e d  an d  r e c o r d e d :

i . T i m e  a t wh i c h  h e p tan e  i s  i g n i te d
i i . T i m e  o f h e p tan e  p an  b u r n o u t
i i i . T i m e  o f p l a s ti c  s h e e t i gn i ti o n
i v. T i m e  o f b e g i n n i n g o f a ge n t d i s c h a r ge
v. T i m e  o f e n d  o f ag e n t d i s c h ar g e
vi . T i m e  a l l  vi s i b l e  fame  i s  e x ti n gu i s h e d

T h e  m i n i m u m  e x ti n gu i s h i n g  c o n c e n tr ati o n  i s  d e te r m i n e d  b y
al l  o f th e  fo l l o wi n g c o n d i ti o n s :

( 1 ) Al l  vi s i b l e  fame  i s  e x ti n g u i s h e d  wi th i n  6 0 0  s e c o n d s  o f
ag e n t d i s c h a r ge .

( 2 ) T h e  fu e l  we i g h t l o s s  b e twe e n  1 0  s e c o n d s  an d  6 0 0  s e c o n d s
a fte r  th e  e n d  o f d i s c h ar g e  d o e s  n o t e x c e e d  0 . 5  o z  ( 1 5  g) .

( 3 ) T h e r e  i s  n o  i g n i ti o n  o f th e  fu e l  at th e  e n d  o f th e  6 0 0 -
s e c o n d  s o ak ti m e  a n d  s u b s e q u e n t te s t c o m p a r tm e n t ve n ti ‐
l ati o n .

Wo o d  c r i b  a n d  p o l ym e r i c  s h e e t C l a s s  A fre  te s ts  m i gh t n o t
a d e q u a te l y i n d i c ate  e x ti n g u i s h i n g  c o n c e n tr ati o n s  s u i ta b l e  fo r

th e  p r o te c ti o n  o f c e r tai n  p l a s ti c  fu e l  h a z a r d s  ( e . g. ,  e l e c tr i c al -
a n d  e l e c tr o n i c - typ e  h az ar d s  i n vo l vi n g gr o u p e d  p o we r  o r  d ata
c a b l e s  s u c h  a s  c o m p u te r  a n d  c o n tro l  r o o m  underfoor  vo i d s

an d  te l e c o m m u n i c ati o n  fac i l i ti e s ) .

T h e  va l u e s  i n  Tab l e  A. 7 . 2 . 2 . 3 ( b )  ar e  r e p r e s e n ta ti ve  o f th e
m i n i m u m  e x ti n g u i s h i n g c o n c e n tr ati o n s  an d  d e s i gn  c o n c e n tr a‐

ti o n s  fo r  va r i o u s  a ge n ts .  T h e  c o n c e n tr ati o n s  r e q u i r e d  c an  var y
b y e q u i p m e n t m an u fa c tu r e r.  E q u i p m e n t m an u fac tu r e r s  s h o u l d

b e  c o n ta c te d  fo r  th e  c o n c e n tr ati o n  r e q u i r e d  fo r  th e i r  specifc
s ys te m .

Δ A. 7 . 2 . 3 . 1    T h e  fo l l o wi n g p ar ag r ap h s  s u m m a r i z e  a  m e th o d  o f
e va l u a ti n g i n e r ti n g c o n c e n tr ati o n  o f a  fre  e x ti n gu i s h i n g  va p o r.

O n e  c h ar a c te r i s ti c  o f h al o n s  a n d  r e p l a c e m e n t ag e n ts  i s
fr e q u e n tl y r e fe r r e d  to  as  th e  i n e r ti n g,  o r  i n h i b i ti n g,  c o n c e n tr a‐

ti o n .  F l am m ab i l i ty d i ag r am  d ata ( D a l z e l l ,  1 9 7 5 ,  a n d  C o l l ,  1 9 7 6 )
o n  te r n ar y s ys te m s  c an  b e  fo u n d  i n  N F PA 1 2 A.  T h e  p r o c e d u r e s
u s e d  to  g e n e r ate  th o s e  d ata h ave  b e e n  u s e d  m o r e  r e c e n tl y to

e val u a te  i n e r ti n g c o n c e n tr ati o n s  o f h a l o n s  an d  r e p l ac e m e n t
c h e m i c a l s  a ga i n s t var i o u s  fu e l -a i r  s ys te m s .  D i ffe r e n c e s  b e twe e n
th e  e ar l i e r  s tu d i e s  a n d  th e  r e c e n t wo r k ar e  th at th e  te s t ve s s e l

vo l u m e  u s e d  i n  th e  m o r e  r e c e n t wo r k was  2 . 1  g al  ( 7 . 9  L )  ve r s u s
th e  1 . 5  g al  ( 5 . 6  L )  u s e d  p r e vi o u s l y.  T h e  i g n i te r  typ e  — c ar b o n
r o d  c o r o n a  d i s c h ar g e  s p a r k — wa s  th e  s am e ,  b u t th e  c ap ac i to r-

s to r e d  e n e r g y l e ve l s  i n  th e  l ate r  s tu d i e s  we r e  h i g h e r,  a p p r o x i ‐
m a te l y 6 8  J  ( 1 6 . 2  c al )  ve r s u s  6  o r  1 1  J  ( 1 . 4  o r  2 . 6  c al )  i n  th e
e ar l i e r  wo r k.  T h e  b a s i c  p r o c e d u r e ,  e m p l o yi n g a ga p  s p ar k,  h a s

b e e n  ad o p te d  to  d e ve l o p  a d d i ti o n al  d ata.

Te r n a r y fu e l -a i r  ag e n t m i x tu r e s  we r e  p r e p ar e d  a t a  te s t p r e s ‐
s u r e  o f 1  a tm  an d  a t r o o m  te m p e r atu r e  i n  a  2 . 1  g al  ( 7 . 9  L )

s p h e r i c al  te s t ve s s e l  (see Figure A. 7. 2. 3. 1 ) b y th e  p ar ti a l  p r e s s u r e
m e th o d .  T h e  ve s s e l  wa s  ftted  wi th  i n l e t an d  ve n t p o r ts ,  a  th e r ‐

m o c o u p l e ,  a n d  a  p r e s s u r e  tr an s d u c e r.  F i r s t,  th e  te s t ve s s e l  wa s
e vac u ate d ,  th e n  ag e n t was  ad m i tte d ;  i f th e  ag e n t was  a l i q u i d ,
suffcient ti m e  was  a l l o we d  fo r  e vap o r a ti o n  to  o c c u r.  F u e l  vap o r

an d  fnally ai r  we r e  a d m i tte d ,  r ai s i n g  th e  ve s s e l  p r e s s u r e  to  1
a tm .  An  i n te r n al  fapper  al l o we d  th e  m i x tu r e s  to  b e  a gi ta te d  b y
r o c ki n g  th e  ve s s e l  b a c k a n d  fo r th .  T h e  p r e s s u r e  tr a n s d u c e r  wa s

c o n n e c te d  to  a s u i ta b l e  r e c o r d i n g d e vi c e  to  m e as u r e  a n y p r e s ‐
s u r e  r i s e  th at o c c u r r e d  o n  a c tu ati o n  o f th e  i gn i te r.

Δ Tab l e  A. 7 . 2 . 2 . 3 ( b )  C l as s  A Fl am e  E x ti n gu i s h i n g an d  M i n i m u m
D e s i gn  C o n c e n trati o n s  Te s te d  to  U L  2 1 6 6  an d  U L  2 1 2 7

Age n t C l as s  A M E C

C l as s  A
M i n i m um

D e s i gn
C o n c e n trati o n

C l as s  C
M i n i m um

D e s i gn
C o n c e n trati o n

F K-5 - 1 -1 2 3 . 3 4 . 5 4 . 5
H F C -1 2 5 6 . 7 8 . 7 9 . 0
H F C -2 2 7 e a 5 . 2 6 . 7 7 . 0

H F C -2 3 1 5 . 0 1 8 . 0 2 0 . 3
I G -5 4 1 2 8 . 5 3 4 . 2 3 8 . 5
I G -5 5 3 1 . 6 3 7 . 9 4 2 . 7

I G -1 0 0 3 1 . 0 3 7 . 2 4 1 . 9

N o te :  C o n c e n tr a ti o n s  r e p o r te d  a r e  a t 7 0 ° F  ( 2 1 ° C ) .  C l a s s  A d e s i g n
val u e s  a r e  th e  g r e ate r  o f ( 1 )  th e  C l as s  A e x ti n g u i s h i n g  c o n c e n tr ati o n ,
d e te r m i n e d  i n  ac c o r d a n c e  wi th  7 . 2 . 2 . 1 . 1 ,  ti m e s  a  s a fe ty fac to r  o f 1 . 2 ;  o r
( 2 )  th e  m i n i m u m  e x ti n g u i s h i n g  c o n c e n tr a ti o n  fo r  h e p ta n e  as
d e te r m i n e d  fr o m  7 . 2 . 2 . 2 . 1 ( 2 ) .

Tab l e  A. 7 . 2 . 2 . 3 ( a)  P l as ti c  Fu e l  P ro p e r ti e s

2 5  kW/ m 2  E x p o s u re  i n  C o n e  C al o ri m e te r — AS T M  E 1 3 5 4

  D e n s i ty

( g/ c m 2 )

I gn i ti o n  T i m e  
1 8 0 - S e c o n d  Ave rage

H e at Re l e as e  Rate  
E ffe c ti ve  H e at o f

C o m b us ti o n

Fu e l C o l o r s e c To l e ran c e  kW/ m 2 To l e ran c e  M J / kg To l e ran c e

P M M A B l a c k 1 . 1 9 7 7 ± 3 0 % 2 8 6 2 5 % 2 3 . 3 ± 1 5 %
P P N a tu r al  ( wh i te ) 0 . 9 0 5 9 1 ± 3 0 % 2 2 5 2 5 % 3 9 . 8 ± 1 5 %
AB S N a tu r al  ( c r e a m ) 1 . 0 4 1 1 5 ± 3 0 % 4 8 4 2 5 % 2 9 . 1 ± 1 5 %
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T h e  i g n i te r  e m p l o ye d  c o n s i s te d  o f a  b u n d l e  o f fo u r  g r ap h i te
r o d s  ( “ H ”  p e n c i l  l e ad s )  h e l d  to ge th e r  b y two  wi r e  o r  m e tal

b r an d  wr ap s  o n  e i th e r  e n d  o f th e  b u n d l e ,  l e a vi n g a  g ap
b e twe e n  th e  wr ap s  o f ab o u t 0 . 1 2  i n .  ( 3  m m ) .  T h e  i g n i te r  wa s
wi re d  i n  s e r i e s  wi th  two  5 2 5  m F  4 5 0  V c ap ac i to r s .  T h e  c ap ac i ‐

to rs  we r e  c h ar g e d  to  a p o te n ti a l  o f 7 2 0  to  7 3 0  V d c .  T h e  s to r e d
e n e r g y was ,  th e r e fo r e ,  6 8  to  7 0  J  ( 1 6 . 2  to  1 6 . 7  c a l ) .  T h e  n o m i ‐
n a l  r e s i s tan c e  o f th e  r o d  as s e m b l y wa s  a b o u t 1  o h m .  O n  s wi tc h

c l o s u r e ,  th e  c ap ac i to r  d i s c h a r ge  c u r r e n t r e s u l te d  i n  i o n i z a ti o n
a t th e  g r ap h i te  r o d  s u r fa c e .  A c o r o n a s p ar k j u m p e d  ac r o s s  th e
c o n n e c to r  g ap .  T h e  s p ar k e n e r g y c o n te n t wa s  ta ke n  a s  th e

s to r e d  c ap ac i to r e n e r g y;  i n  p r i n c i p l e ,  h o we ve r,  s to r e d  c ap ac i to r
e n e r g y m u s t b e  s o m e wh a t l e s s  th a n  th i s  am o u n t d u e  to  l i n e
r e s i s tan c e  l o s s e s .

T h e  p r e s s u r e  r i s e ,  i f an y,  r e s u l ti n g fr o m  i g n i ti o n  o f th e  te s t
m i x tu r e  wa s  r e c o r d e d .  T h e  i n te r i o r  o f th e  te s t ve s s e l  was  wi p e d

c l e an  b e twe e n  te s ts  wi th  a  c l o th  d a m p  wi th  e i th e r  wa te r  o r  a
s o l ve n t to  avo i d  b u i l d u p  o f d e c o m p o s i ti o n  r e s i d u e s ,  wh i c h
c o u l d  infuence  th e  r e s u l ts .

T h e  defnition  o f th e  fammable  b o u n d ar y wa s  take n  a s  th at
c o m p o s i ti o n  th at j u s t p r o d u c e s  a p r e s s u r e  r i s e  o f 0 . 0 7  ti m e s  th e

i n i ti a l  p r e s s u r e  o r  1  p s i  ( 6 . 9  kP a)  wh e n  th e  i n i ti al  p r e s s u r e  i s  1
a tm .  Te s ts  we r e  c o n d u c te d  a t fxed  fu e l - ai r  r ati o s  an d  var yi n g
a m o u n ts  o f a ge n t vap o r  u n ti l  c o n d i ti o n s  we r e  fo u n d  to  g i ve  r i s e

to  p r e s s u r e  i n c r e a s e s  th at b r ac ke t 0 . 0 7  ti m e s  th e  i n i ti a l  p r e s ‐
s u re .  Te s ts  we r e  c o n d u c te d  at s e ve r al  fu e l -a i r  r ati o s  to  e s tab l i s h
th at c o n d i ti o n  r e q u i r i n g  th e  h i g h e s t a ge n t vap o r  c o n c e n tr a ti o n

to  i n e r t.

D ata o b tai n e d  o n  s e ve r al  c h e m i c al s  th at c an  s e r ve  as  fre
p r o te c ti o n  ag e n ts  ar e  g i ve n  i n  Ta b l e  A. 7 . 2 . 3 . 1 .

A. 7 . 2 . 3 . 2    T h e s e  c o n d i ti o n s  e x i s t wh e r e  b o th  th e  fo l l o wi n g
o c c u r :

( 1 ) T h e  typ e s  an d  q u an ti ty o f fu e l  p e r m i tte d  i n  th e  e n c l o s u r e
h ave  th e  p o te n ti al  to  l e ad  to  d e ve l o p m e n t o f a fu e l  vap o r
c o n c e n tr ati o n  e q u a l  to  o r  gr e a te r  th a n  o n e -h a l f o f th e

l o we r  fammable  l i m i t th r o u gh o u t th e  e n c l o s u r e .
( 2 ) T h e  s ys te m  r e s p o n s e  i s  n o t r a p i d  e n o u g h  to  d e te c t an d

e x ti n g u i s h  th e  fre  b e fo r e  th e  vo l ati l i ty o f th e  fu e l  i s
i n c r e as e d  to  a  d an g e r o u s  l e ve l  as  a r e s u l t o f th e  fre.

V i d e o

B a cku p
C O 2  e x t .

x  T C 2

x  T C 3

B a ff l e

E x t e r n a l  b a ff l e s ,  
ro t a t e d  4 5  d e g r e e s

t o  e a c h  o t h e r

E x h a u s t

x
T C 1

I n l e t

 1
9

.2
5

 f
t 

(5
.8

7
 m

)

F T I R

x  T C 1 —  0  i n .  ( 0  m m ) ,  1 2  i n .  ( 3 0 5  m m ) ,  2 4  i n .  ( 6 1 0  m m ) ,  4 8  i n .  ( 1 2 2 0  m m ) ,  
              7 2  i n .  ( 1 . 8  m ) ,  9 6  i n .  ( 2 . 4  m ) ,  1 2 0  i n .  ( 3  m )  f r o m  c e i l i n g
x  T C 2 —  0  i n .  ( 0  m m ) ,  1 2  i n .  ( 3 0 5  m m ) ,  2 4  i n.  ( 6 1 0  m m ,  4 8  i n .  ( 1 2 2 0  m m ) ,  
              7 2  i n .  ( 1 . 8  m ) ,  9 6  i n .  ( 2 . 4  m ) ,  1 2 0  i n .  ( 3  m )  f r o m  c e i l i n g
x  T C 3 —  0  i n .  ( 0  m m ) ,  1 2  i n .  ( 3 0 5  m m ) ,  2 4  i n .  ( 6 1 0  m m ) ,  4 8  i n .  ( 1 2 2 0  m m ) ,  
              7 2  i n .  ( 1 . 8  m ) ,  9 6  i n .  ( 2 . 4  m ) ,  1 2 0  i n .  ( 3  m )  f r o m  c e i l i n g

     O D M —  1 2  i n .  ( 3 0 5  m m )  d o w n  f r o m  c e i l i n g

     F T I R —  2 7  i n .  ( 6 8 6  m m )  u p  f r o m  f l o o r

     N o i s e m e t e r  —  1 2  i n .  ( 3 0 5  m m )  d o w n  f r o m  c e i l i n g

F T I R  —  F o u r i e r  t r a n s f o r m  i n f r a r e d  ( s p e c t r o m e t e r )

O D M —  O x y g e n  d e f i c i e n c y  m o n i t o r

T C  —  T h e r m o c o u p l e

1 3 . 1  f t  ( 4  m )

Δ FI G U RE  A. 7 . 2 . 2 . 3 ( b )   C h am b e r P l an  Vi e w.

L o a d  
c e l l

2 4  i n .  ( 6 1 0  m m )

3
3

.5
 i

n
. 

(8
5

1
 m

m
)

5
 i

n
.

(1
2

7
 m

m
)

3
 i

n
. 

(7
6

 m
m

)

2
1

 i
n

. 
(5

3
3

 m
m

)

1 5  i n .  ( 3 8 1  m m )

L o a d  c e l l

D r i p  t ray

A n g l e  f ra m e

F u e l  s h i e l d  — c h a n n e l  i r o n  
f ra m e  c o ve r e d  w i t h  
s h e e t  m e t a l  o n  t o p  a n d  two  
s i d e s

1 2  i n .
( 3 0 5  m m )

3 . 5  i n .  ( 8 9  m m )

E x t e r n a l
b a f f l e s

C i n d e r  b l o c k

3 7 . 5  i n .  
( 9 5 1  m m )

1 0  i n .  
( 2 5 4  m m )

1 2  i n .
( 3 0 5  m m )

FI G U RE  A. 7 . 2 . 2 . 3 ( a)   Fo u r- P i e c e  Modifed  P l as ti c  S e tu p .



AN N E X  A 2 0 0 1 - 6 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Tab l e  A. 7 . 2 . 3 . 1  I n e r ti n g C o n c e n trati o n s  fo r Vari o u s  Age n ts

Fue l Age n t

I n e r ti n g
C o n c e n trati o n

( vo l  % ) Re fe re n c e

i -b u ta n e H F C - 2 2 7 e a 1 1 . 3 Ro b i n
H C F C  B l e n d  A 1 8 . 4 M o o r e
I G-1 0 0 4 0 Z a b e ta ki s

1 - c h l o r o - 1 ,
1 -difuoroethane
( H C F C -1 4 2 b )

H F C - 2 2 7 e a 2 . 6 Ro b i n

1 ,1 -difuoroethane
( H F C -1 5 2 a )

H F C - 2 2 7 e a 8 . 6 Ro b i n
H C F C  B l e n d  A 1 3 . 6 M o o r e

Difuoromethane
( H F C -3 2 )

H F C - 2 2 7 e a 3 . 5 Ro b i n
H C F C  B l e n d  A 8 . 6 M o o r e

E th an e I G-1 0 0 4 4 Z a b e ta ki s

E th yl e n e  o x i d e H F C - 2 2 7 e a 1 3 . 6 Ro b i n

H e x an e I G-1 0 0 4 2 Z a b e ta ki s

M e th a n e F K-5 -1 - 1 2 8 . 8 S c h m e e r
H F C - 1 2 5 1 4 . 7 S e n e c a l
H F C - 2 2 7 e a 8 Ro b i n
H F C - 2 3 2 0 . 2 S e n e c a l
H C F C  B l e n d  A 1 8 . 3 M o o r e
I G-1 0 0 3 7 Z a b e ta ki s
I G-5 4 1 4 3 Tam a n i n i

P e n ta n e H F C - 2 2 7 e a 1 1 . 6 Ro b i n
I G-1 0 0 4 2 Z a b e ta ki s

P r o p a n e F K-5 -1 - 1 2 8 . 1 S c h m e e r
F C - 5 -1 - 1 4 7 . 3 S e n e c a l
F I C -1 3 I 1 6 . 5 M o o r e
H F C - 1 2 5 1 5 . 7 S e n e c a l
H F C - 2 2 7 e a 1 1 . 6 Ro b i n
H F C - 2 3 2 0 . 2 S e n e c a l
H F C - 2 3 2 0 . 4 S ka g g s
H C F C  B l e n d  A 1 8 . 6 M o o r e
I G-5 4 1 4 9 . 0 Tam a n i n i
I G-1 0 0 4 2 Z a b e ta ki s

A. 7 . 3 . 1    T h e  q u a n ti ty o f c l e an  ag e n t r e q u i r e d  to  d e ve l o p  a
gi ve n  c o n c e n tr ati o n  wi l l  b e  gr e a te r  th a n  th e  fnal  q u an ti ty o f
age n t i n  th e  s am e  e n c l o s u r e .  I n  m o s t c as e s ,  th e  c l e an  ag e n t
m u s t b e  a p p l i e d  i n  a  m an n e r  th at p r o m o te s  p r o g r e s s i ve  m i x i n g
o f th e  atm o s p h e r e .  As  th e  c l e an  a ge n t i s  i n j e c te d ,  th e  d i s p l ac e d
atm o s p h e r e  i s  e x h au s te d  fr e e l y fr o m  th e  e n c l o s u r e  th r o u gh
s m a l l  o p e n i n gs  o r  th r o u gh  s p e c i al  ve n ts .  S o m e  c l e a n  ag e n t i s
th e r e fo r e  l o s t wi th  th e  ve n te d  a tm o s p h e r e ,  an d  th e  h i g h e r  th e
c o n c e n tr a ti o n ,  th e  gr e a te r  th e  l o s s  o f c l e a n  ag e n t.

F o r  th e  p u r p o s e s  o f th i s  s tan d a r d ,  i t i s  a s s u m e d  th at th e
c l e an  ag e n t-a i r  m i x tu r e  l o s t i n  th i s  m a n n e r  c o n ta i n s  th e  fnal
d e s i g n  c o n c e n tr a ti o n  o f th e  c l e a n  a ge n t.  T h i s  r e p r e s e n ts  th e
wo r s t c a s e  fr o m  a th e o r e ti c al  s ta n d p o i n t an d  p r o vi d e s  a  b u i l t-i n
s a fe ty fa c to r  to  c o m p e n s ate  fo r  n o n i d e a l  d i s c h ar g e  ar r a n ge ‐
m e n ts .

Tab l e  A. 7 . 3 . 1 ( a )  th r o u gh  Ta b l e  A. 7 . 3 . 1 ( t)  p r o vi d e  th e  q u an ‐
ti ty o f c l e an  a ge n t n e e d e d  to  a c h i e ve  d e s i g n  c o n c e n tr a ti o n .

G a s  
i n l e t

2 . 1  g a l  ( 7 . 9  L )
t e s t  ve s s e l

I g n i t e r

Ve n t

Va c u u m

P r e s s u r e  
g a u g e

Te s t  c o n n e c t i o n

S e p t u m  
p o r t

FI G U RE  A. 7 . 2 . 3 . 1   S p h e ri c al  Te s t Ve s s e l .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 6 6

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Tab l e  A. 7 . 3 . 1 ( a)  FK- 5 - 1 - 1 2  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc  Vap o r
Vo l um e(s)

( ft3 / l b ) d

We i gh t Re q ui re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 ) b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

3 4 5 6 7 8 9 1 0

− 2 0 0 . 9 3 6 7 8 0 . 0 3 3 0 0 . 0 4 4 5 0 . 0 5 6 2 0 . 0 6 8 1 0 . 0 8 0 3 0 . 0 9 2 8 0 . 1 0 5 6 0 . 1 1 8 6
− 1 0 0 . 9 6 1 1 9 0 . 0 3 2 2 0 . 0 4 3 3 0 . 0 5 4 8 0 . 0 6 6 4 0 . 0 7 8 3 0 . 0 9 0 5 0 . 1 0 2 9 0 . 1 1 5 6

0 0 . 9 8 5 6 0 . 0 3 1 4 0 . 0 4 2 3 0 . 0 5 3 4 0 . 0 6 4 8 0 . 0 7 6 4 0 . 0 8 8 2 0 . 1 0 0 3 0 . 1 1 2 7
1 0 1 . 0 1 0 0 1 0 . 0 3 0 6 0 . 0 4 1 3 0 . 0 5 2 1 0 . 0 6 3 2 0 . 0 7 4 5 0 . 0 8 6 1 0 . 0 9 7 9 0 . 1 1 0 0
2 0 1 . 0 3 4 4 2 0 . 0 2 9 9 0 . 0 4 0 3 0 . 0 5 0 9 0 . 0 6 1 7 0 . 0 7 2 8 0 . 0 8 4 1 0 . 0 9 5 6 0 . 1 0 7 4
3 0 1 . 0 5 8 8 3 0 . 0 2 9 2 0 . 0 3 9 4 0 . 0 4 9 7 0 . 0 6 0 3 0 . 0 7 1 1 0 . 0 8 2 1 0 . 0 9 3 4 0 . 1 0 4 9
4 0 1 . 0 8 3 2 4 0 . 0 2 8 6 0 . 0 3 8 5 0 . 0 4 8 6 0 . 0 5 8 9 0 . 0 6 9 5 0 . 0 8 0 3 0 . 0 9 1 3 0 . 1 0 2 6
5 0 1 . 1 0 7 6 5 0 . 0 2 7 9 0 . 0 3 7 6 0 . 0 4 7 5 0 . 0 5 7 6 0 . 0 6 8 0 0 . 0 7 8 5 0 . 0 8 9 3 0 . 1 0 0 3
6 0 1 . 1 3 2 0 6 0 . 0 2 7 3 0 . 0 3 6 8 0 . 0 4 6 5 0 . 0 5 6 4 0 . 0 6 6 5 0 . 0 7 6 8 0 . 0 8 7 4 0 . 0 9 8 1
7 0 1 . 1 5 6 4 7 0 . 0 2 6 7 0 . 0 3 6 0 0 . 0 4 5 5 0 . 0 5 5 2 0 . 0 6 5 1 0 . 0 7 5 2 0 . 0 8 5 5 0 . 0 9 6 1
8 0 1 . 1 8 0 8 8 0 . 0 2 6 2 0 . 0 3 5 3 0 . 0 4 4 6 0 . 0 5 4 1 0 . 0 6 3 7 0 . 0 7 3 6 0 . 0 8 3 8 0 . 0 9 4 1
9 0 1 . 2 0 5 2 9 0 . 0 2 5 7 0 . 0 3 4 6 0 . 0 4 3 7 0 . 0 5 3 0 0 . 0 6 2 4 0 . 0 7 2 1 0 . 0 8 2 1 0 . 0 9 2 2

1 0 0 1 . 2 2 9 7 0 0 . 0 2 5 2 0 . 0 3 3 9 0 . 0 4 2 8 0 . 0 5 1 9 0 . 0 6 1 2 0 . 0 7 0 7 0 . 0 8 0 4 0 . 0 9 0 4
1 1 0 1 . 2 5 4 1 1 0 . 0 2 4 7 0 . 0 3 3 2 0 . 0 4 2 0 0 . 0 5 0 9 0 . 0 6 0 0 0 . 0 6 9 3 0 . 0 7 8 9 0 . 0 8 8 6
1 2 0 1 . 2 7 8 5 2 0 . 0 2 4 2 0 . 0 3 2 6 0 . 0 4 1 2 0 . 0 4 9 9 0 . 0 5 8 9 0 . 0 6 8 0 0 . 0 7 7 4 0 . 0 8 6 9
1 3 0 1 . 3 0 2 9 3 0 . 0 2 3 7 0 . 0 3 2 0 0 . 0 4 0 4 0 . 0 4 9 0 0 . 0 5 7 8 0 . 0 6 6 7 0 . 0 7 5 9 0 . 0 8 5 3
1 4 0 1 . 3 2 7 3 4 0 . 0 2 3 3 0 . 0 3 1 4 0 . 0 3 9 7 0 . 0 4 8 1 0 . 0 5 6 7 0 . 0 6 5 5 0 . 0 7 4 5 0 . 0 8 3 7
1 5 0 1 . 3 5 1 7 5 0 . 0 2 2 9 0 . 0 3 0 8 0 . 0 3 8 9 0 . 0 4 7 2 0 . 0 5 5 7 0 . 0 6 4 3 0 . 0 7 3 2 0 . 0 8 2 2
1 6 0 1 . 3 7 6 1 6 0 . 0 2 2 5 0 . 0 3 0 3 0 . 0 3 8 2 0 . 0 4 6 4 0 . 0 5 4 7 0 . 0 6 3 2 0 . 0 7 1 9 0 . 0 8 0 7
1 7 0 1 . 4 0 0 5 7 0 . 0 2 2 1 0 . 0 2 9 7 0 . 0 3 7 6 0 . 0 4 5 6 0 . 0 5 3 7 0 . 0 6 2 1 0 . 0 7 0 6 0 . 0 7 9 3
1 8 0 1 . 4 2 4 9 8 0 . 0 2 1 7 0 . 0 2 9 2 0 . 0 3 6 9 0 . 0 4 4 8 0 . 0 5 2 8 0 . 0 6 1 0 0 . 0 6 9 4 0 . 0 7 8 0
1 9 0 1 . 4 4 9 3 9 0 . 0 2 1 3 0 . 0 2 8 7 0 . 0 3 6 3 0 . 0 4 4 0 0 . 0 5 1 9 0 . 0 6 0 0 0 . 0 6 8 2 0 . 0 7 6 7
2 0 0 1 . 4 7 3 8 0 0 . 0 2 1 0 0 . 0 2 8 3 0 . 0 3 5 7 0 . 0 4 3 3 0 . 0 5 1 1 0 . 0 5 9 0 0 . 0 6 7 1 0 . 0 7 5 4
2 1 0 1 . 4 9 8 2 1 0 . 0 2 0 6 0 . 0 2 7 8 0 . 0 3 5 1 0 . 0 4 2 6 0 . 0 5 0 2 0 . 0 5 8 0 0 . 0 6 6 0 0 . 0 7 4 2
2 2 0 1 . 5 2 2 6 2 0 . 0 2 0 3 0 . 0 2 7 4 0 . 0 3 4 6 0 . 0 4 1 9 0 . 0 4 9 4 0 . 0 5 7 1 0 . 0 6 5 0 0 . 0 7 3 0

aT h e  m a n u fa c tu r e r ' s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  th e  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.

W
V

s

C

C
=

−








100

ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f F K- 5 -1 - 1 2  va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 9 8 5 6  +  0 . 0 0 2 4 4 1 t,  wh e r e  t i s  th e  te m p e r a tu r e  ( ° F ) .

eC [ c o n c e n tr ati o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f F K-5 - 1 -1 2  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 6 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Tab l e  A. 7 . 3 . 1 ( b )  FK- 5 - 1 - 1 2  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc  Vap o r
Vo l um e(s)

( m 3 / k g) d

We i gh t Re q ui re m e n ts  o f H az ard  Vo l u m e ,  W/V ( k g/ m 3 ) b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

3 4 5 6 7 8 9 1 0

− 2 0 0 . 0 6 0 9 1 4 0 0 . 5 0 7 7 0 . 6 8 4 0 0 . 8 6 4 0 1 . 0 4 7 9 1 . 2 3 5 7 1 . 4 2 7 5 1 . 6 2 3 6 1 . 8 2 4 1
− 1 5 0 . 6 0 2 2 8 5 5 0 . 4 9 6 5 0 . 6 6 9 0 0 . 8 4 5 0 1 . 0 2 4 8 1 . 2 0 8 4 1 . 3 9 6 1 1 . 5 8 7 9 1 . 7 8 3 9
− 1 0 0 . 0 6 3 6 5 7 0 0 . 4 8 5 9 0 . 6 5 4 5 0 . 8 2 6 8 1 . 0 0 2 7 1 . 1 8 2 4 1 . 3 6 6 0 1 . 5 3 3 7 1 . 7 4 5 5

− 5 0 . 0 6 5 0 2 8 5 0 . 4 7 5 6 0 . 6 4 0 7 0 . 8 0 9 4 0 . 9 8 1 6 1 . 1 5 7 5 1 . 3 3 7 2 1 . 5 2 0 9 1 . 7 0 8 7
0 0 . 0 6 6 4 0 0 0 0 . 4 6 5 8 0 . 6 2 7 5 0 . 7 9 2 6 0 . 9 6 1 3 1 . 1 3 3 6 1 . 3 0 9 6 1 . 4 8 9 5 1 . 6 7 3 4

5 0 . 0 6 7 7 7 1 5 0 . 4 5 6 4 0 . 6 1 4 8 0 . 7 7 6 6 0 . 9 4 1 8 1 . 1 1 0 6 1 . 2 8 3 1 1 . 4 5 9 3 1 . 6 3 9 5
1 0 0 . 0 6 9 1 4 3 0 0 . 4 4 7 3 0 . 6 0 2 6 0 . 7 6 1 2 0 . 9 2 3 2 1 . 0 8 8 6 1 . 2 5 7 6 1 . 4 3 0 4 1 . 6 0 7 0
1 5 0 . 0 7 0 5 1 4 5 0 . 4 3 8 6 0 . 5 9 0 9 0 . 7 4 6 4 0 . 9 0 5 2 1 . 0 6 7 4 1 . 2 3 3 2 1 . 4 0 2 6 1 . 5 7 5 7
2 0 0 . 0 7 1 8 8 6 0 0 . 4 3 0 2 0 . 5 7 9 6 0 . 7 3 2 2 0 . 8 8 7 9 1 . 0 4 7 1 1 . 2 0 9 6 1 . 3 7 5 8 1 . 5 4 5 7
2 5 0 . 0 7 3 2 5 7 5 0 . 4 2 2 2 0 . 5 6 8 8 0 . 7 1 8 4 0 . 8 7 1 3 1 . 0 2 7 5 1 . 1 8 7 0 1 . 3 5 0 0 1 . 5 1 6 7
3 0 0 . 0 7 4 6 2 9 0 0 . 4 1 4 4 0 . 5 5 8 3 0 . 7 0 5 2 0 . 8 5 5 3 1 . 0 0 8 6 1 . 1 6 5 2 1 . 3 2 5 2 1 . 4 8 8 8
3 5 0 . 0 7 6 0 0 0 5 0 . 4 0 6 9 0 . 5 4 8 2 0 . 6 9 2 5 0 . 8 3 9 9 0 . 9 9 0 4 1 . 1 4 4 2 1 . 3 0 1 3 1 . 4 6 2 0
4 0 0 . 0 7 7 3 7 2 0 0 . 3 9 9 7 0 . 5 3 8 5 0 . 6 8 0 2 0 . 8 2 5 0 0 . 9 7 2 8 1 . 1 2 3 9 1 . 2 7 8 3 1 . 4 3 6 1
4 5 0 . 0 7 8 7 4 3 5 0 . 3 9 2 8 0 . 5 2 9 1 0 . 6 6 8 4 0 . 8 1 0 6 0 . 9 5 5 9 1 . 1 0 4 3 1 . 2 5 6 0 1 . 4 1 1 1
5 0 0 . 0 8 0 1 1 5 0 0 . 3 8 6 0 0 . 5 2 0 1 0 . 6 5 7 0 0 . 7 9 6 7 0 . 9 3 9 5 1 . 0 8 5 4 1 . 2 3 4 5 1 . 3 8 6 9
5 5 0 . 0 8 1 4 8 6 5 0 . 3 7 9 5 0 . 5 1 1 3 0 . 6 4 5 9 0 . 7 8 3 3 0 . 9 2 3 7 1 . 0 6 7 1 1 . 2 1 3 7 1 . 3 6 3 6
6 0 0 . 0 8 2 8 5 8 0 0 . 3 7 3 3 0 . 5 0 2 9 0 . 6 3 5 2 0 . 7 7 0 4 0 . 9 0 8 4 1 . 0 4 9 5 1 . 1 9 3 6 1 . 3 4 1 0
6 5 0 . 0 8 4 2 2 9 5 0 . 3 6 7 2 0 . 4 9 4 7 0 . 6 2 4 9 0 . 7 5 7 8 0 . 8 9 3 6 1 . 0 3 2 4 1 . 1 7 4 2 1 . 3 1 9 1
7 0 0 . 0 8 5 6 0 1 0 0 . 3 6 1 3 0 . 4 8 6 8 0 . 6 1 4 8 0 . 7 4 5 7 0 . 8 7 9 3 1 . 0 1 5 8 1 . 1 5 5 4 1 . 2 9 8 0
7 5 0 . 0 8 6 9 7 2 5 0 . 3 5 5 6 0 . 4 7 9 1 0 . 6 0 5 2 0 . 7 3 3 9 0 . 8 6 5 4 0 . 9 9 9 8 1 . 1 3 7 2 1 . 2 7 7 5
8 0 0 . 0 8 8 3 4 4 0 0 . 3 5 0 1 0 . 4 7 1 6 0 . 5 9 5 8 0 . 7 2 2 5 0 . 8 5 2 0 0 . 9 8 4 3 1 . 1 1 9 5 1 . 2 5 7 7
8 5 0 . 0 8 9 7 1 5 5 0 . 3 4 4 7 0 . 4 6 4 4 0 . 5 8 6 6 0 . 7 1 1 5 0 . 8 3 9 0 0 . 9 6 9 2 1 . 1 0 2 4 1 . 2 3 8 5
9 0 0 . 0 9 1 0 8 7 0 0 . 3 3 9 5 0 . 4 5 7 4 0 . 5 7 7 8 0 . 7 0 0 8 0 . 8 2 6 3 0 . 9 5 4 7 1 . 0 8 5 8 1 . 2 1 9 8
9 5 0 . 0 9 2 4 5 8 5 0 . 3 3 4 5 0 . 4 5 0 7 0 . 5 6 9 2 0 . 6 9 0 4 0 . 8 1 4 1 0 . 9 4 0 5 1 . 0 6 9 7 1 . 2 0 1 7

1 0 0 0 . 0 9 3 8 3 0 0 0 . 3 2 9 6 0 . 4 4 4 1 0 . 5 6 0 9 0 . 6 8 0 3 0 . 8 0 2 2 0 . 9 2 6 7 1 . 0 5 4 0 1 . 1 8 4 2
aT h e  m a n u fa c tu r e r ' s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( kg / m 3 ) ]  =  ki l o g r am s  o f ag e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n

at te m p e r a tu r e  specifed.

W
V

s

C

C
=

−








100

ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f F K- 5 -1 - 1 2  va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 0 6 6 4  +  0 . 0 0 0 2 7 4 1 t,  wh e r e  t i s  th e  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f F K-5 -1 - 1 2  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 6 8

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 1 ( c )  H C FC  B l e n d  A To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q ui re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

8 . 6 9 1 0 1 1 1 2 1 3 1 4 1 5

− 5 0 3 . 2 1 9 2 0 . 0 2 9 2 0 . 0 3 0 7 0 . 0 3 4 5 0 . 0 3 8 4 0 . 0 4 2 4 0 . 0 4 6 4 0 . 0 5 0 6 0 . 0 5 4 8
− 4 0 3 . 2 9 7 8 0 . 0 2 8 5 0 . 0 3 0 0 0 . 0 3 3 7 0 . 0 3 7 5 0 . 0 4 1 4 0 . 0 4 5 3 0 . 0 4 9 4 0 . 0 5 3 5
− 3 0 3 . 3 7 6 3 0 . 0 2 7 9 0 . 0 2 9 3 0 . 0 3 2 9 0 . 0 3 6 6 0 . 0 4 0 4 0 . 0 4 4 3 0 . 0 4 8 2 0 . 0 5 2 3
− 2 0 3 . 4 5 4 9 0 . 0 2 7 2 0 . 0 2 8 6 0 . 0 3 2 2 0 . 0 3 5 8 0 . 0 3 9 5 0 . 0 4 3 3 0 . 0 4 7 1 0 . 0 5 1 1
− 1 0 3 . 5 3 3 5 0 . 0 2 6 1 0 . 0 2 8 0 0 . 0 3 1 4 0 . 0 3 5 0 . 0 3 8 6 0 . 0 4 2 3 0 . 0 4 6 1 0 . 0 4 9 9

0 3 . 6 1 2 1 0 . 0 2 6 0 0 . 0 2 7 4 0 . 0 3 0 8 0 . 0 3 4 2 0 . 0 3 7 8 0 . 0 4 1 4 0 . 0 4 5 1 0 . 0 4 8 9
1 0 3 . 6 9 0 6 0 . 0 2 5 5 0 . 0 2 6 8 0 . 0 3 0 1 0 . 0 3 3 5 0 . 0 3 6 9 0 . 0 4 0 5 0 . 0 4 4 1 0 . 0 4 7 8
2 0 3 . 7 6 9 2 0 . 0 2 5 0 0 . 0 2 6 2 0 . 0 2 9 5 0 . 0 3 2 8 0 . 0 3 6 2 0 . 0 3 9 6 0 . 0 4 3 2 0 . 0 4 6 8
3 0 3 . 8 4 7 8 0 . 0 2 4 5 0 . 0 2 5 7 0 . 0 2 8 9 0 . 0 3 2 1 0 . 0 3 5 4 0 . 0 3 8 8 0 . 0 4 2 3 0 . 0 4 5 9
4 0 3 . 9 2 6 4 0 . 0 2 4 0 0 . 0 2 5 2 0 . 0 2 8 3 0 . 0 3 1 5 0 . 0 3 4 7 0 . 0 3 8 1 0 . 0 4 1 5 0 . 0 4 4 9
5 0 4 . 0 0 4 9 0 . 0 2 3 5 0 . 0 2 4 7 0 . 0 2 7 7 0 . 0 3 0 9 0 . 0 3 4 0 0 . 0 3 7 3 0 . 0 4 0 6 0 . 0 4 4 1
6 0 4 . 0 8 3 5 0 . 0 2 3 0 0 . 0 2 4 2 0 . 0 2 7 2 0 . 0 3 0 3 0 . 0 3 3 4 0 . 0 3 6 6 0 . 0 3 9 9 0 . 0 4 3 2
7 0 4 . 1 6 2 1 0 . 0 2 2 6 0 . 0 2 3 8 0 . 0 2 6 7 0 . 0 2 9 7 0 . 0 3 2 8 0 . 0 3 5 9 0 . 0 3 9 1 0 . 0 4 2 4
8 0 4 . 2 4 0 7 0 . 0 2 2 2 0 . 0 2 3 3 0 . 0 2 6 2 0 . 0 2 9 1 0 . 0 3 2 2 0 . 0 3 5 2 0 . 0 3 8 4 0 . 0 4 1 6
9 0 4 . 3 1 9 2 0 . 0 2 1 8 0 . 0 2 2 9 0 . 0 2 5 7 0 . 0 2 8 6 0 . 0 3 1 6 0 . 0 3 4 6 0 . 0 3 7 7 0 . 0 4 0 9

1 0 0 4 . 3 9 7 8 0 . 0 2 1 4 0 . 0 2 2 5 0 . 0 2 5 3 0 . 0 2 8 1 0 . 0 3 1 0 0 . 0 3 4 0 0 . 0 3 7 0 0 . 0 4 0 1
1 1 0 4 . 4 7 6 4 0 . 0 2 1 0 0 . 0 2 2 1 0 . 0 2 4 8 0 . 0 2 7 6 0 . 0 3 0 5 0 . 0 3 3 4 0 . 0 3 6 4 0 . 0 3 9 4
1 2 0 4 . 5 5 5 0 0 . 0 2 0 7 0 . 0 2 1 7 0 . 0 2 4 4 0 . 0 2 7 1 0 . 0 2 9 9 0 . 0 3 2 8 0 . 0 3 5 7 0 . 0 3 8 7
1 3 0 4 . 6 3 3 6 0 . 0 2 0 3 0 . 0 2 1 3 0 . 0 2 4 0 0 . 0 2 6 7 0 . 0 2 9 4 0 . 0 3 2 2 0 . 0 3 5 1 0 . 0 3 8 1
1 4 0 4 . 7 1 2 1 0 . 0 2 0 0 0 . 0 2 1 0 0 . 0 2 3 6 0 . 0 2 6 2 0 . 0 2 8 9 0 . 0 3 1 7 0 . 0 3 4 5 0 . 0 3 7 5
1 5 0 4 . 7 9 0 7 0 . 0 1 9 6 0 . 0 2 0 6 0 . 0 2 3 2 0 . 0 2 5 8 0 . 0 2 8 5 0 . 0 3 1 2 0 . 0 3 4 0 0 . 0 3 6 8
1 6 0 4 . 8 6 9 3 0 . 0 1 9 3 0 . 0 2 0 3 0 . 0 2 2 8 0 . 0 2 5 4 0 . 0 2 8 0 0 . 0 3 0 7 0 . 0 3 3 4 0 . 0 3 6 2
1 7 0 4 . 9 4 7 9 0 . 0 1 9 0 0 . 0 2 0 0 0 . 0 2 2 5 0 . 0 2 5 0 0 . 0 2 7 6 0 . 0 3 0 2 0 . 0 3 2 9 0 . 0 3 5 7
1 8 0 5 . 0 2 6 4 0 . 0 1 8 7 0 . 0 1 9 7 0 . 0 2 2 1 0 . 0 2 4 6 0 . 0 2 7 1 0 . 0 2 9 7 0 . 0 3 2 4 0 . 0 3 5 1
1 9 0 5 . 1 0 5 0 0 . 0 1 8 4 0 . 0 1 9 4 0 . 0 2 1 8 0 . 0 2 4 2 0 . 0 2 6 7 0 . 0 2 9 3 0 . 0 3 1 9 0 . 0 3 4 6
2 0 0 5 . 1 8 3 6 0 . 0 1 8 2 0 . 0 1 9 1 0 . 0 2 1 4 0 . 0 2 3 8 0 . 0 2 6 3 0 . 0 2 8 8 0 . 0 3 1 4 0 . 0 3 4 0

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H C F C  B l e n d  A va p o r  c a n  b e  a p p r o x i m ate d  b y s =  3 . 6 1 2  +  0 . 0 0 7 9t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H C F C  B l e n d  A i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



AN N E X  A 2 0 0 1 - 6 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 1 ( d )  H C FC  B l e n d  A To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l u m e(s)

( m 3 / kg) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l um e ,  W/V ( kg/ m 3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l um e ) e

8 . 6 9 1 0 1 1 1 2 1 3 1 4 1 5

− 5 0 0 . 1 9 7 1 0 . 4 7 7 4 0 . 5 0 1 8 0 . 5 6 3 8 0 . 6 2 7 1 0 . 6 9 1 9 0 . 7 5 8 2 0 . 8 2 6 0 0 . 8 9 5 4
− 4 5 0 . 2 0 1 5 0 . 4 6 6 9 0 . 4 9 0 8 0 . 5 5 1 4 0 . 6 1 3 4 0 . 6 7 6 7 0 . 7 4 1 5 0 . 8 0 7 9 0 . 8 7 5 8
− 4 0 0 . 2 0 5 9 0 . 4 5 6 9 0 . 4 8 0 3 0 . 5 3 9 6 0 . 6 0 0 2 0 . 6 6 2 2 0 . 7 2 5 6 0 . 7 9 0 6 0 . 8 5 7 0
− 3 5 0 . 2 1 0 3 0 . 4 4 7 3 0 . 4 7 0 2 0 . 5 2 8 3 0 . 5 8 7 6 0 . 6 4 8 3 0 . 7 1 0 4 0 . 7 7 4 0 0 . 8 3 9 0
− 3 0 0 . 2 1 4 8 0 . 4 3 8 1 0 . 4 6 0 5 0 . 5 1 7 4 0 . 5 7 5 5 0 . 6 3 5 0 0 . 6 9 5 8 0 . 7 5 8 0 0 . 8 2 1 7
− 2 5 0 . 2 1 9 2 0 . 4 2 9 3 0 . 4 5 1 3 0 . 5 0 7 0 . 5 6 3 9 0 . 6 2 2 2 0 . 6 8 1 8 0 . 7 4 2 8 0 . 8 0 5 2
− 2 0 0 . 2 2 3 6 0 . 4 2 0 8 0 . 4 4 2 3 0 . 4 9 7 0 . 5 5 2 8 0 . 6 0 9 9 0 . 6 6 8 3 0 . 7 2 8 1 0 . 7 8 9 3
− 1 5 0 . 2 2 8 0 0 . 4 1 2 7 0 . 4 3 3 8 0 . 4 8 7 3 0 . 5 4 2 1 0 . 5 9 8 1 0 . 6 5 5 4 0 . 7 1 4 0 0 . 7 7 4 0
− 1 0 0 . 2 3 2 4 0 . 4 0 4 8 0 . 4 2 5 5 0 . 4 7 8 1 0 . 5 3 1 8 0 . 5 8 6 7 0 . 6 4 2 9 0 . 7 0 0 4 0 . 7 5 9 3

− 5 0 . 2 3 6 8 0 . 3 9 7 3 0 . 4 1 7 6 0 . 4 6 9 2 0 . 5 2 1 9 0 . 5 7 5 8 0 . 6 3 0 9 0 . 6 8 7 4 0 . 7 4 5 1
0 0 . 2 4 1 2 0 . 3 9 0 0 0 . 4 1 0 0 0 . 4 6 0 6 0 . 5 1 2 3 0 . 5 6 5 2 0 . 6 1 9 4 0 . 6 7 4 8 0 . 7 3 1 5
5 0 . 2 4 5 7 0 . 3 8 3 0 0 . 4 0 2 6 0 . 4 5 2 3 0 . 5 0 3 1 0 . 5 5 5 1 0 . 6 0 8 3 0 . 6 6 2 7 0 . 7 1 8 3

1 0 0 . 2 5 0 1 0 . 3 7 6 2 0 . 3 9 5 5 0 . 4 4 4 3 0 . 4 9 4 2 0 . 5 4 5 3 0 . 5 9 7 5 0 . 6 5 1 0 0 . 7 0 5 7
1 5 0 . 2 5 4 5 0 . 3 6 9 7 0 . 3 8 8 6 0 . 4 3 6 6 0 . 4 8 5 6 0 . 5 3 5 8 0 . 5 8 7 1 0 . 6 3 9 7 0 . 6 9 3 4
2 0 0 . 2 5 8 9 0 . 3 6 3 4 0 . 3 8 2 0 0 . 4 2 9 1 0 . 4 7 7 4 0 . 5 2 6 7 0 . 5 7 7 1 0 . 6 2 8 8 0 . 6 8 1 6
2 5 0 . 2 6 3 3 0 . 3 5 7 3 0 . 3 7 5 6 0 . 4 2 2 0 . 4 6 9 4 0 . 5 1 7 8 0 . 5 6 7 5 0 . 6 1 8 2 0 . 6 7 0 2
3 0 0 . 2 6 7 7 0 . 3 5 1 4 0 . 3 6 9 4 0 . 4 1 5 0 . 4 6 1 6 0 . 5 0 9 3 0 . 5 5 8 1 0 . 6 0 8 0 0 . 6 5 9 1
3 5 0 . 2 7 2 2 0 . 3 4 5 7 0 . 3 6 3 4 0 . 4 0 8 3 0 . 4 5 4 1 0 . 5 0 1 0 0 . 5 4 9 0 0 . 5 9 8 1 0 . 6 4 8 4
4 0 0 . 2 7 6 6 0 . 3 4 0 2 0 . 3 5 7 6 0 . 4 0 1 7 0 . 4 4 6 9 0 . 4 9 3 0 0 . 5 4 0 3 0 . 5 8 8 6 0 . 6 3 8 1
4 5 0 . 2 8 1 0 0 . 3 3 4 9 0 . 3 5 2 0 0 . 3 9 5 4 0 . 4 3 9 9 0 . 4 8 5 3 0 . 5 3 1 8 0 . 5 7 9 3 0 . 6 2 8 0
5 0 0 . 2 8 5 4 0 . 3 2 9 7 0 . 3 4 6 5 0 . 3 8 9 3 0 . 4 3 3 1 0 . 4 7 7 8 0 . 5 2 3 6 0 . 5 7 0 4 0 . 6 1 8 3
5 5 0 . 2 8 9 8 0 . 3 2 4 7 0 . 3 4 1 2 0 . 3 8 3 4 0 . 4 2 6 5 0 . 4 7 0 5 0 . 5 1 5 6 0 . 5 6 1 7 0 . 6 0 8 9
6 0 0 . 2 9 4 2 0 . 3 1 9 8 0 . 3 3 6 1 0 . 3 7 7 6 0 . 4 2 0 1 0 . 4 6 3 4 0 . 5 0 7 8 0 . 5 5 3 3 0 . 5 9 9 8
6 5 0 . 2 9 8 7 0 . 3 1 5 1 0 . 3 3 1 2 0 . 3 7 2 0 . 4 1 3 8 0 . 4 5 6 6 0 . 5 0 0 3 0 . 5 4 5 1 0 . 5 9 0 9
7 0 0 . 3 0 3 1 0 . 3 1 0 5 0 . 3 2 6 3 0 . 3 6 6 6 0 . 4 0 7 8 0 . 4 4 9 9 0 . 4 9 3 0 0 . 5 3 7 1 0 . 5 8 2 3
7 5 0 . 3 0 7 5 0 . 3 0 6 0 0 . 3 2 1 6 0 . 3 6 1 4 0 . 4 0 2 0 0 . 4 4 3 5 0 . 4 8 6 0 0 . 5 2 9 4 0 . 5 7 3 9
8 0 0 . 3 1 1 9 0 . 3 0 1 7 0 . 3 1 7 1 0 . 3 5 6 2 0 . 3 9 6 3 0 . 4 3 7 2 0 . 4 7 9 1 0 . 5 2 1 9 0 . 5 6 5 8
8 5 0 . 3 1 6 3 0 . 2 9 7 5 0 . 3 1 2 7 0 . 3 5 1 3 0 . 3 9 0 7 0 . 4 3 1 1 0 . 4 7 2 4 0 . 5 1 4 6 0 . 5 5 7 9
9 0 0 . 3 2 0 7 0 . 2 9 3 4 0 . 3 0 8 4 0 . 3 4 6 4 0 . 3 8 5 4 0 . 4 2 5 2 0 . 4 6 5 9 0 . 5 0 7 6 0 . 5 5 0 2
9 5 0 . 3 2 5 1 0 . 2 8 9 4 0 . 3 0 4 2 0 . 3 4 1 7 0 . 3 8 0 1 0 . 4 1 9 4 0 . 4 5 9 6 0 . 5 0 0 7 0 . 5 4 2 7

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H C F C  B l e n d  A va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 2 4 1 3  +  0 . 0 0 0 8 8t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H C F C  B l e n d  A i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 7 0

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Tab l e  A. 7 . 3 . 1 ( e )  H C FC - 1 2 4  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 ) b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

5 6 7 8 9 1 0 1 1 1 2

2 0 2 . 4 6 4 3 0 . 0 2 1 4 0 . 0 2 5 9 0 . 0 3 0 5 0 . 0 3 5 3 0 . 0 4 0 1 0 . 0 4 5 1 0 . 0 5 0 2 0 . 0 5 5 3
3 0 2 . 5 2 3 8 0 . 0 2 0 9 0 . 0 2 5 3 0 . 0 2 9 8 0 . 0 3 4 5 0 . 0 3 9 2 0 . 0 4 4 0 0 . 0 4 9 0 0 . 0 5 4 0
4 0 2 . 5 8 2 6 0 . 0 2 0 4 0 . 0 2 4 7 0 . 0 2 9 1 0 . 0 3 3 7 0 . 0 3 8 3 0 . 0 4 3 0 0 . 0 4 7 9 0 . 0 5 2 8
5 0 2 . 6 4 0 9 0 . 0 1 9 9 0 . 0 2 4 2 0 . 0 2 8 5 0 . 0 3 2 9 0 . 0 3 7 4 0 . 0 4 2 1 0 . 0 4 6 8 0 . 0 5 1 6
6 0 2 . 6 9 8 8 0 . 0 1 9 5 0 . 0 2 3 7 0 . 0 2 7 9 0 . 0 3 2 2 0 . 0 3 6 6 0 . 0 4 1 2 0 . 0 4 5 8 0 . 0 5 0 5
7 0 2 . 7 5 6 3 0 . 0 1 9 1 0 . 0 2 3 2 0 . 0 2 7 3 0 . 0 3 1 5 0 . 0 3 5 9 0 . 0 4 0 3 0 . 0 4 4 8 0 . 0 4 9 5
8 0 2 . 8 1 3 6 0 . 0 1 8 7 0 . 0 2 2 7 0 . 0 2 6 8 0 . 0 3 0 9 0 . 0 3 5 2 0 . 0 3 9 5 0 . 0 4 3 9 0 . 0 4 8 5
9 0 2 . 8 7 0 5 0 . 0 1 8 3 0 . 0 2 2 2 0 . 0 2 6 2 0 . 0 3 0 3 0 . 0 3 4 5 0 . 0 3 8 7 0 . 0 4 3 1 0 . 0 4 7 5

1 0 0 2 . 9 2 7 2 0 . 0 1 8 0 0 . 0 2 1 8 0 . 0 2 5 7 0 . 0 2 9 7 0 . 0 3 3 8 0 . 0 3 8 0 0 . 0 4 2 2 0 . 0 4 6 6
1 1 0 2 . 9 8 3 7 0 . 0 1 7 6 0 . 0 2 1 4 0 . 0 2 5 2 0 . 0 2 9 1 0 . 0 3 3 1 0 . 0 3 7 2 0 . 0 4 1 4 0 . 0 4 5 7
1 2 0 3 . 0 4 0 0 0 . 0 1 7 3 0 . 0 2 1 0 0 . 0 2 4 8 0 . 0 2 8 6 0 . 0 3 2 5 0 . 0 3 6 5 0 . 0 4 0 7 0 . 0 4 4 9
1 3 0 3 . 0 9 6 1 0 . 0 1 7 0 0 . 0 2 0 6 0 . 0 2 4 3 0 . 0 2 8 1 0 . 0 3 1 9 0 . 0 3 5 9 0 . 0 3 9 9 0 . 0 4 4 0
1 4 0 3 . 1 5 2 0 0 . 0 1 6 7 0 . 0 2 0 3 0 . 0 2 3 9 0 . 0 2 7 6 0 . 0 3 1 4 0 . 0 3 5 3 0 . 0 3 9 2 0 . 0 4 3 3
1 5 0 3 . 2 0 7 8 0 . 0 1 6 4 0 . 0 1 9 9 0 . 0 2 3 5 0 . 0 2 7 1 0 . 0 3 0 8 0 . 0 3 4 6 0 . 0 3 8 5 0 . 0 4 2 5
1 6 0 3 . 2 6 3 5 0 . 0 1 6 1 0 . 0 1 9 6 0 . 0 2 3 1 0 . 0 2 6 6 0 . 0 3 0 3 0 . 0 3 4 0 0 . 0 3 7 9 0 . 0 4 1 8
1 7 0 3 . 3 1 9 1 0 . 0 1 5 9 0 . 0 1 9 2 0 . 0 2 2 7 0 . 0 2 6 2 0 . 0 2 9 8 0 . 0 3 3 5 0 . 0 3 7 2 0 . 0 4 1 1
1 8 0 3 . 3 7 4 5 0 . 0 1 5 6 0 . 0 1 8 9 0 . 0 2 2 3 0 . 0 2 5 8 0 . 0 2 9 3 0 . 0 3 2 9 0 . 0 3 6 6 0 . 0 4 0 4
1 9 0 3 . 4 2 9 8 0 . 0 1 5 3 0 . 0 1 8 6 0 . 0 2 1 9 0 . 0 2 5 4 0 . 0 2 8 8 0 . 0 3 2 4 0 . 0 3 6 0 0 . 0 3 9 8
2 0 0 3 . 4 8 5 0 0 . 0 1 5 1 0 . 0 1 8 3 0 . 0 2 1 6 0 . 0 2 5 0 0 . 0 2 8 4 0 . 0 3 1 9 0 . 0 3 5 5 0 . 0 3 9 1

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.

W
V

s

C

C
=

−








100

ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H C F C - 1 2 4  va p o r  c an  b e  a p p r o x i m a te d  b y s =  2 . 3 5 8 0  +  0 . 0 0 5 7t wh e r e  t =  te m p e r a tu r e  i n  ( ° F ) .
eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H C F C - 1 2 4  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 7 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 1 ( f)  H C FC - 1 2 4  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l u m e(s)

( m 3 / kg) d

We i gh t Re q ui re m e n ts  o f H az ard  Vo l um e ,  W/V ( k g/ m 3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l um e ) e

5 6 7 8 9 1 0 1 1 1 2

− 1 0 0 . 1 5 1 6 0 . 3 4 7 2 0 . 4 2 1 0 0 . 6 5 2 4 0 . 5 7 3 6 0 . 6 5 2 4 0 . 7 3 2 9 0 . 8 1 5 3 0 . 1 3 4 6
− 5 0 . 1 5 5 0 0 . 3 3 9 6 0 . 4 1 1 9 0 . 6 3 8 2 0 . 5 6 1 2 0 . 6 3 8 2 0 . 7 1 7 0 0 . 7 9 7 6 0 . 1 3 1 7

0 0 . 1 5 8 3 0 . 3 3 2 5 0 . 4 0 3 2 0 . 6 2 4 8 0 . 5 4 9 3 0 . 6 2 4 8 0 . 7 0 1 9 0 . 7 8 0 8 0 . 1 2 8 9
5 0 . 1 6 1 6 0 . 3 2 5 7 0 . 3 9 5 0 0 . 6 1 2 0 0 . 5 3 8 1 0 . 6 1 2 0 0 . 6 8 7 6 0 . 7 6 4 9 0 . 1 2 6 3

1 0 0 . 1 6 4 9 0 . 3 1 9 2 0 . 3 8 7 2 0 . 5 9 9 9 0 . 5 2 7 4 0 . 5 9 9 9 0 . 6 7 3 9 0 . 7 4 9 7 0 . 1 2 3 8
1 5 0 . 1 6 8 1 0 . 3 1 3 1 0 . 3 7 9 7 0 . 5 8 8 3 0 . 5 1 7 2 0 . 5 8 8 3 0 . 6 6 0 9 0 . 7 3 5 2 0 . 1 2 1 4
2 0 0 . 1 7 1 4 0 . 3 0 7 1 0 . 3 7 2 5 0 . 5 7 7 2 0 . 5 0 7 4 0 . 5 7 7 2 0 . 6 4 8 4 0 . 7 2 1 3 0 . 1 1 9 1
2 5 0 . 1 7 4 6 0 . 3 0 1 5 0 . 3 6 5 6 0 . 5 6 6 5 0 . 4 9 8 1 0 . 5 6 6 5 0 . 6 3 6 4 0 . 7 0 8 0 0 . 1 1 6 9
3 0 0 . 1 7 7 8 0 . 2 9 6 0 0 . 3 5 9 0 0 . 5 5 6 3 0 . 4 8 9 1 0 . 5 5 6 3 0 . 6 2 5 0 0 . 6 9 5 2 0 . 1 1 4 8
3 5 0 . 1 8 1 0 0 . 2 9 0 8 0 . 3 5 2 7 0 . 5 4 6 5 0 . 4 8 0 5 0 . 5 4 6 5 0 . 6 1 4 0 0 . 6 8 3 0 0 . 1 1 2 8
4 0 0 . 1 8 4 2 0 . 2 8 5 8 0 . 3 4 6 6 0 . 5 3 7 1 0 . 4 7 2 2 0 . 5 3 7 1 0 . 6 0 3 4 0 . 6 7 1 2 0 . 1 1 0 8
4 5 0 . 1 8 7 3 0 . 2 8 1 0 0 . 3 4 0 8 0 . 5 2 8 0 0 . 4 6 4 2 0 . 5 2 8 0 0 . 5 9 3 2 0 . 6 5 9 8 0 . 1 0 8 9
5 0 0 . 1 9 0 5 0 . 2 7 6 3 0 . 3 3 5 1 0 . 5 1 9 2 0 . 4 5 6 5 0 . 5 1 9 2 0 . 5 8 3 3 0 . 6 4 8 9 0 . 1 0 7 1
5 5 0 . 1 9 3 6 0 . 2 7 1 8 0 . 3 2 9 6 0 . 5 1 0 8 0 . 4 4 9 1 0 . 5 1 0 8 0 . 5 7 3 8 0 . 6 3 8 3 0 . 1 0 5 4
6 0 0 . 1 9 6 8 0 . 2 6 7 5 0 . 3 2 4 4 0 . 5 0 2 6 0 . 4 4 1 9 0 . 5 0 2 6 0 . 5 6 4 6 0 . 6 2 8 1 0 . 1 0 3 7
6 5 0 . 1 9 9 9 0 . 2 6 3 3 0 . 3 1 9 3 0 . 4 9 4 7 0 . 4 3 5 0 0 . 4 9 4 7 0 . 5 5 5 8 0 . 6 1 8 3 0 . 1 0 2 1
7 0 0 . 2 0 3 0 0 . 2 5 9 2 0 . 3 1 4 4 0 . 4 8 7 1 0 . 4 2 8 3 0 . 4 8 7 1 0 . 5 4 7 2 0 . 6 0 8 7 0 . 1 0 0 5
7 5 0 . 2 0 6 2 0 . 2 5 5 3 0 . 3 0 9 6 0 . 4 7 9 7 0 . 4 2 1 8 0 . 4 7 9 7 0 . 5 3 9 0 0 . 5 9 9 5 0 . 0 9 9 0
8 0 0 . 2 0 9 3 0 . 2 5 1 5 0 . 3 0 5 0 0 . 4 7 2 6 0 . 4 1 5 5 0 . 4 7 2 6 0 . 5 3 0 9 0 . 5 9 0 6 0 . 0 9 7 5
8 5 0 . 2 1 2 4 0 . 2 4 7 8 0 . 3 0 0 5 0 . 4 6 5 7 0 . 4 0 9 4 0 . 4 6 5 7 0 . 5 2 3 1 0 . 5 8 1 9 0 . 0 9 6 1
9 0 0 . 2 1 5 5 0 . 2 4 4 2 0 . 2 9 6 2 0 . 4 5 8 9 0 . 4 0 3 5 0 . 4 5 8 9 0 . 5 1 5 6 0 . 5 7 3 5 0 . 0 9 4 7
9 5 0 . 2 1 8 6 0 . 2 4 0 8 0 . 2 9 2 0 0 . 4 5 2 4 0 . 3 9 7 8 0 . 4 5 2 4 0 . 5 0 8 3 0 . 5 6 5 4 0 . 0 9 3 4

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c ate d  c o n c e n tr a ti o n
a t te m p e r atu r e  specifed.
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100

ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H C F C - 1 2 4  va p o r  c an  b e  a p p r o x i m a te d  b y s =  0 . 1 5 8 5  +  0 . 0 0 0 6t,  wh e r e  t i s  th e  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H C F C - 1 2 4  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 7 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Tab l e  A. 7 . 3 . 1 ( g)  H FC - 1 2 5  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ˚ F) c

Specifc
Vap o r

Vo l um e(s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 ) b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l um e ) e

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

− 5 0 2 . 3 9 0 2 0 . 0 3 1 5 0 . 0 3 6 4 0 . 0 4 1 4 0 . 0 4 6 5 0 . 0 5 1 7 0 . 0 5 7 1 0 . 0 6 2 5 0 . 0 6 8 1 0 . 0 7 3 8 0 . 0 7 9 7
− 4 0 2 . 4 5 7 7 0 . 0 3 0 6 0 . 0 3 5 4 0 . 0 4 0 2 0 . 0 4 5 2 0 . 0 5 0 3 0 . 0 5 5 5 0 . 0 6 0 8 0 . 0 6 6 2 0 . 0 7 1 8 0 . 0 7 7 5
− 3 0 2 . 5 2 4 6 0 . 0 2 9 8 0 . 0 3 4 4 0 . 0 3 9 2 0 . 0 4 4 0 0 . 0 4 9 0 0 . 0 5 4 0 0 . 0 5 9 2 0 . 0 6 4 5 0 . 0 6 9 9 0 . 0 7 5 4
− 2 0 2 . 5 9 0 9 0 . 0 2 9 1 0 . 0 3 3 6 0 . 0 3 8 2 0 . 0 4 2 9 0 . 0 4 7 7 0 . 0 5 2 6 0 . 0 5 7 7 0 . 0 6 2 8 0 . 0 6 8 1 0 . 0 7 3 5
− 1 0 2 . 6 5 6 8 0 . 0 2 8 3 0 . 0 3 2 7 0 . 0 3 7 2 0 . 0 4 1 8 0 . 0 4 6 5 0 . 0 5 1 3 0 . 0 5 6 2 0 . 0 6 1 3 0 . 0 6 6 4 0 . 0 7 1 7

0 2 . 7 2 2 2 0 . 0 2 7 6 0 . 0 3 1 9 0 . 0 3 6 3 0 . 0 4 0 8 0 . 0 4 5 4 0 . 0 5 0 1 0 . 0 5 4 9 0 . 0 5 9 8 0 . 0 6 4 8 0 . 0 7 0 0
1 0 2 . 7 8 7 2 0 . 0 2 7 0 0 . 0 3 1 2 0 . 0 3 5 5 0 . 0 3 9 9 0 . 0 4 4 3 0 . 0 4 8 9 0 . 0 5 3 6 0 . 0 5 8 4 0 . 0 6 3 3 0 . 0 6 8 3

2 0 2 . 8 5 1 8 0 . 0 2 6 4 0 . 0 3 0 5 0 . 0 3 4 7 0 . 0 3 9 0 0 . 0 4 3 3 0 . 0 4 7 8 0 . 0 5 2 4 0 . 0 5 7 1 0 . 0 6 1 9 0 . 0 6 6 8
3 0 2 . 9 1 6 2 0 . 0 2 5 8 0 . 0 2 9 8 0 . 0 3 3 9 0 . 0 3 8 1 0 . 0 4 2 4 0 . 0 4 6 8 0 . 0 5 1 2 0 . 0 5 5 8 0 . 0 6 0 5 0 . 0 6 5 3

4 0 2 . 9 8 0 3 0 . 0 2 5 3 0 . 0 2 9 2 0 . 0 3 3 2 0 . 0 3 7 3 0 . 0 4 1 5 0 . 0 4 5 8 0 . 0 5 0 1 0 . 0 5 4 6 0 . 0 5 9 2 0 . 0 6 3 9
5 0 3 . 0 4 4 1 0 . 0 2 4 7 0 . 0 2 8 6 0 . 0 3 2 5 0 . 0 3 6 5 0 . 0 4 0 6 0 . 0 4 4 8 0 . 0 4 9 1 0 . 0 5 3 5 0 . 0 5 8 0 0 . 0 6 2 6

6 0 3 . 1 0 7 7 0 . 0 2 4 2 0 . 0 2 8 0 0 . 0 3 1 8 0 . 0 3 5 8 0 . 0 3 9 8 0 . 0 4 3 9 0 . 0 4 8 1 0 . 0 5 2 4 0 . 0 5 6 8 0 . 0 6 1 3
7 0 3 . 1 7 1 2 0 . 0 2 3 7 0 . 0 2 7 4 0 . 0 3 1 2 0 . 0 3 5 0 0 . 0 3 9 0 0 . 0 4 3 0 0 . 0 4 7 1 0 . 0 5 1 3 0 . 0 5 5 6 0 . 0 6 0 1

8 0 3 . 2 3 4 4 0 . 0 2 3 3 0 . 0 2 6 9 0 . 0 3 0 6 0 . 0 3 4 4 0 . 0 3 8 2 0 . 0 4 2 2 0 . 0 4 6 2 0 . 0 5 0 3 0 . 0 5 4 6 0 . 0 5 8 9
9 0 3 . 2 9 7 5 0 . 0 2 2 8 0 . 0 2 6 4 0 . 0 3 0 0 0 . 0 3 3 7 0 . 0 3 7 5 0 . 0 4 1 4 0 . 0 4 5 3 0 . 0 4 9 4 0 . 0 5 3 5 0 . 0 5 7 8

1 0 0 3 . 3 6 0 5 0 . 0 2 2 4 0 . 0 2 5 9 0 . 0 2 9 4 0 . 0 3 3 1 0 . 0 3 6 8 0 . 0 4 0 6 0 . 0 4 4 5 0 . 0 4 8 4 0 . 0 5 2 5 0 . 0 5 6 7
1 1 0 3 . 4 2 3 3 0 . 0 2 2 0 0 . 0 2 5 4 0 . 0 2 8 9 0 . 0 3 2 5 0 . 0 3 6 1 0 . 0 3 9 8 0 . 0 4 3 6 0 . 0 4 7 6 0 . 0 5 1 5 0 . 0 5 5 6
1 2 0 3 . 4 8 5 9 0 . 0 2 1 6 0 . 0 2 4 9 0 . 0 2 8 4 0 . 0 3 1 9 0 . 0 3 5 5 0 . 0 3 9 1 0 . 0 4 2 9 0 . 0 4 6 7 0 . 0 5 0 6 0 . 0 5 4 6
1 3 0 3 . 5 4 8 5 0 . 0 2 1 2 0 . 0 2 4 5 0 . 0 2 7 9 0 . 0 3 1 3 0 . 0 3 4 8 0 . 0 3 8 4 0 . 0 4 2 1 0 . 0 4 5 9 0 . 0 4 9 7 0 . 0 5 3 7
1 4 0 3 . 6 1 1 0 0 . 0 2 0 8 0 . 0 2 4 1 0 . 0 2 7 4 0 . 0 3 0 8 0 . 0 3 4 2 0 . 0 3 7 8 0 . 0 4 1 4 0 . 0 4 5 1 0 . 0 4 8 9 0 . 0 5 2 7
1 5 0 3 . 6 7 3 4 0 . 0 2 0 5 0 . 0 2 3 7 0 . 0 2 6 9 0 . 0 3 0 2 0 . 0 3 3 6 0 . 0 3 7 1 0 . 0 4 0 7 0 . 0 4 4 3 0 . 0 4 8 0 0 . 0 5 1 9
1 6 0 3 . 7 3 5 7 0 . 0 2 0 1 0 . 0 2 3 3 0 . 0 2 6 5 0 . 0 2 9 7 0 . 0 3 3 1 0 . 0 3 6 5 0 . 0 4 0 0 0 . 0 4 3 6 0 . 0 4 7 2 0 . 0 5 1 0
1 7 0 3 . 7 9 7 9 0 . 0 1 9 8 0 . 0 2 2 9 0 . 0 2 6 0 0 . 0 2 9 3 0 . 0 3 2 5 0 . 0 3 5 9 0 . 0 3 9 3 0 . 0 4 2 9 0 . 0 4 6 5 0 . 0 5 0 2
1 8 0 3 . 8 6 0 0 0 . 0 1 9 5 0 . 0 2 2 5 0 . 0 2 5 6 0 . 0 2 8 8 0 . 0 3 2 0 0 . 0 3 5 3 0 . 0 3 8 7 0 . 0 4 2 2 0 . 0 4 5 7 0 . 0 4 9 3
1 9 0 3 . 9 2 2 1 0 . 0 1 9 2 0 . 0 2 2 2 0 . 0 2 5 2 0 . 0 2 8 3 0 . 0 3 1 5 0 . 0 3 4 8 0 . 0 3 8 1 0 . 0 4 1 5 0 . 0 4 5 0 0 . 0 4 8 6
2 0 0 3 . 9 8 4 1 0 . 0 1 8 9 0 . 0 2 1 8 0 . 0 2 4 8 0 . 0 2 7 9 0 . 0 3 1 0 0 . 0 3 4 2 0 . 0 3 7 5 0 . 0 4 0 9 0 . 0 4 4 3 0 . 0 4 7 8

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H F C -1 2 5  va p o r  c a n  b e  a p p r o x i m a te d  s =  2 . 7 2 0 8  +  0 . 0 0 6 4t,  wh e r e  t =  te m p e r atu r e  ( ° F ) .
eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C - 1 2 5  i n  a i r  at th e  te m p e r atu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 7 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Tab l e  A. 7 . 3 . 1 ( h )  H FC - 1 2 5  To tal  Fl o o d i n g Q uan ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l u m e(s)

( m 3 / k g) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( k g/ m 3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

− 4 5 0 . 1 4 9 6 0 . 5 0 3 0 0 . 5 8 1 1 0 . 6 6 0 9 0 . 7 4 2 5 0 . 8 2 6 0 0 . 9 1 1 3 0 . 9 9 8 6 1 . 0 8 7 9 1 . 1 7 9 3 1 . 2 7 2 9
− 4 0 0 . 1 5 3 4 0 . 4 9 0 6 0 . 5 6 6 8 0 . 6 4 4 6 0 . 7 2 4 2 0 . 8 0 5 5 0 . 8 8 8 8 0 . 9 7 3 9 1 . 0 6 1 0 1 . 1 5 0 2 1 . 2 4 1 5
− 3 5 0 . 1 5 7 2 0 . 4 7 8 8 0 . 5 5 3 2 0 . 6 2 9 2 0 . 7 0 6 9 0 . 7 8 6 3 0 . 8 6 7 5 0 . 9 5 0 6 1 . 0 3 5 6 1 . 1 2 2 7 1 . 2 1 1 8
− 3 0 0 . 1 6 0 9 0 . 4 6 7 7 0 . 5 4 0 4 0 . 6 1 4 6 0 . 6 9 0 5 0 . 7 6 8 1 0 . 8 4 7 4 0 . 9 2 8 6 1 . 0 1 1 6 1 . 0 9 6 6 1 . 1 8 3 7
− 2 5 0 . 1 6 4 6 0 . 4 5 7 2 0 . 5 2 8 2 0 . 6 0 0 7 0 . 6 7 4 9 0 . 7 5 0 7 0 . 8 2 8 3 0 . 9 0 7 6 0 . 9 8 8 8 1 . 0 7 1 9 1 . 1 5 7 0
− 2 0 0 . 1 6 8 3 0 . 4 4 7 2 0 . 5 1 6 6 0 . 5 8 7 6 0 . 6 6 0 2 0 . 7 3 4 3 0 . 8 1 0 2 0 . 8 8 7 8 0 . 9 6 7 2 1 . 0 4 8 5 1 . 1 3 1 7
− 1 5 0 . 1 7 2 0 0 . 4 3 7 7 0 . 5 0 5 6 0 . 5 7 5 1 0 . 6 4 6 1 0 . 7 1 8 7 0 . 7 9 3 0 0 . 8 6 8 9 0 . 9 4 6 6 1 . 0 2 6 2 1 . 1 0 7 6
− 1 0 0 . 1 7 5 6 0 . 4 2 8 6 0 . 4 9 5 2 0 . 5 6 3 2 0 . 6 3 2 7 0 . 7 0 3 8 0 . 7 7 6 5 0 . 8 5 0 9 0 . 9 2 7 0 1 . 0 0 4 9 1 . 0 8 4 7

− 5 0 . 1 7 9 2 0 . 4 1 9 9 0 . 4 8 5 1 0 . 5 5 1 8 0 . 6 1 9 9 0 . 6 8 9 6 0 . 7 6 0 8 0 . 8 3 3 7 0 . 9 0 8 2 0 . 9 8 4 5 1 . 0 6 2 7
0 0 . 1 8 2 9 0 . 4 1 1 6 0 . 4 7 5 6 0 . 5 4 0 9 0 . 6 0 7 7 0 . 6 7 5 9 0 . 7 4 5 8 0 . 8 1 7 2 0 . 8 9 0 3 0 . 9 6 5 1 1 . 0 4 1 7
5 0 . 1 8 6 5 0 . 4 0 3 7 0 . 4 6 6 4 0 . 5 3 0 4 0 . 5 9 5 9 0 . 6 6 2 9 0 . 7 3 1 4 0 . 8 0 1 4 0 . 8 7 3 1 0 . 9 4 6 5 1 . 0 2 1 6

1 0 0 . 1 9 0 0 0 . 3 9 6 1 0 . 4 5 7 6 0 . 5 2 0 4 0 . 5 8 4 7 0 . 6 5 0 4 0 . 7 1 7 6 0 . 7 8 6 3 0 . 8 5 6 6 0 . 9 2 8 6 1 . 0 0 2 3
1 5 0 . 1 9 3 6 0 . 3 8 8 8 0 . 4 4 9 1 0 . 5 1 0 8 0 . 5 7 3 9 0 . 6 3 8 4 0 . 7 0 4 3 0 . 7 7 1 8 0 . 8 4 0 8 0 . 9 1 1 5 0 . 9 8 3 8
2 0 0 . 1 9 7 2 0 . 3 8 1 7 0 . 4 4 1 0 0 . 5 0 1 6 0 . 5 6 3 5 0 . 6 2 6 8 0 . 6 9 1 6 0 . 7 5 7 8 0 . 8 2 5 6 0 . 8 9 5 0 0 . 9 6 6 0
2 5 0 . 2 0 0 7 0 . 3 7 5 0 0 . 4 3 3 2 0 . 4 9 2 7 0 . 5 5 3 5 0 . 6 1 5 7 0 . 6 7 9 3 0 . 7 4 4 4 0 . 8 1 1 0 0 . 8 7 9 1 0 . 9 4 8 9
3 0 0 . 2 0 4 3 0 . 3 6 8 5 0 . 4 2 5 7 0 . 4 8 4 1 0 . 5 4 3 9 0 . 6 0 5 0 0 . 6 6 7 5 0 . 7 3 1 5 0 . 7 9 6 9 0 . 8 6 3 9 0 . 9 3 2 4
3 5 0 . 2 0 7 8 0 . 3 6 2 2 0 . 4 1 8 4 0 . 4 7 5 9 0 . 5 3 4 7 0 . 5 9 4 7 0 . 6 5 6 2 0 . 7 1 9 0 0 . 7 8 3 3 0 . 8 4 9 2 0 . 9 1 6 5
4 0 0 . 2 1 1 4 0 . 3 5 6 1 0 . 4 1 1 4 0 . 4 6 7 9 0 . 5 2 5 7 0 . 5 8 4 8 0 . 6 4 5 2 0 . 7 0 7 0 0 . 7 7 0 2 0 . 8 3 4 9 0 . 9 0 1 2
4 5 0 . 2 1 4 9 0 . 3 5 0 3 0 . 4 0 4 7 0 . 4 6 0 3 0 . 5 1 7 1 0 . 5 7 5 2 0 . 6 3 4 6 0 . 6 9 5 4 0 . 7 5 7 6 0 . 8 2 1 3 0 . 8 8 6 4
5 0 0 . 2 1 8 4 0 . 3 4 4 6 0 . 3 9 8 2 0 . 4 5 2 8 0 . 5 0 8 8 0 . 5 6 5 9 0 . 6 2 4 4 0 . 6 8 4 2 0 . 7 4 5 4 0 . 8 0 8 0 0 . 8 7 2 1
5 5 0 . 2 2 1 9 0 . 3 3 9 2 0 . 3 9 1 8 0 . 4 4 5 7 0 . 5 0 0 7 0 . 5 5 6 9 0 . 6 1 4 5 0 . 6 7 3 3 0 . 7 3 3 6 0 . 7 9 5 2 0 . 8 5 8 3
6 0 0 . 2 2 5 4 0 . 3 3 3 9 0 . 3 8 5 7 0 . 4 3 8 7 0 . 4 9 2 9 0 . 5 4 8 3 0 . 6 0 4 9 0 . 6 6 2 8 0 . 7 2 2 1 0 . 7 8 2 8 0 . 8 4 4 9
6 5 0 . 2 2 8 9 0 . 3 2 8 8 0 . 3 7 9 8 0 . 4 3 2 0 0 . 4 8 5 3 0 . 5 3 9 9 0 . 5 9 5 7 0 . 6 5 2 7 0 . 7 1 1 1 0 . 7 7 0 8 0 . 8 3 2 0
7 0 0 . 2 3 2 4 0 . 3 2 3 8 0 . 3 7 4 1 0 . 4 2 5 5 0 . 4 7 8 0 0 . 5 3 1 8 0 . 5 8 6 7 0 . 6 4 2 9 0 . 7 0 0 4 0 . 7 5 9 2 0 . 8 1 9 5
7 5 0 . 2 3 5 9 0 . 3 1 9 0 0 . 3 6 8 6 0 . 4 1 9 2 0 . 4 7 0 9 0 . 5 2 3 9 0 . 5 7 8 0 0 . 6 3 3 3 0 . 6 9 0 0 0 . 7 4 8 0 0 . 8 0 7 3
8 0 0 . 2 3 9 4 0 . 3 1 4 4 0 . 3 6 3 2 0 . 4 1 3 1 0 . 4 6 4 1 0 . 5 1 6 2 0 . 5 6 9 6 0 . 6 2 4 1 0 . 6 7 9 9 0 . 7 3 7 1 0 . 7 9 5 6
8 5 0 . 2 4 2 9 0 . 3 0 9 9 0 . 3 5 8 0 0 . 4 0 7 2 0 . 4 5 7 4 0 . 5 0 8 8 0 . 5 6 1 4 0 . 6 1 5 1 0 . 6 7 0 2 0 . 7 2 6 5 0 . 7 8 4 1
9 0 0 . 2 4 6 4 0 . 3 0 5 5 0 . 3 5 2 9 0 . 4 0 1 4 0 . 4 5 0 9 0 . 5 0 1 6 0 . 5 5 3 4 0 . 6 0 6 4 0 . 6 6 0 7 0 . 7 1 6 2 0 . 7 7 3 0
9 5 0 . 2 4 9 9 0 . 3 0 1 2 0 . 3 4 8 0 0 . 3 9 5 8 0 . 4 4 4 7 0 . 4 9 4 6 0 . 5 4 5 7 0 . 5 9 8 0 0 . 6 5 1 5 0 . 7 0 6 2 0 . 7 6 2 3

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H F C -1 2 5  va p o r  c a n  b e  a p p r o x i m a te d  s =  0 . 1 8 2 6  +  0 . 0 0 0 7t,  wh e r e  t =  te m p e r atu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C - 1 2 5  i n  a i r  at th e  te m p e r atu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 7 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 1 ( i )  H FC - 2 2 7 e a To tal  Fl o o d i n g Q uan ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

1 0 1 . 9 2 6 4 0 . 0 3 3 1 0 . 0 3 9 1 0 . 0 4 5 1 0 . 0 5 1 3 0 . 0 5 7 0 0 . 0 6 4 2 0 . 0 7 0 8 0 . 0 7 7 6 0 . 0 8 4 5 0 . 0 9 1 6
2 0 1 . 9 7 3 6 0 . 0 3 2 3 0 . 0 3 8 1 0 . 0 4 4 1 0 . 0 5 0 1 0 . 0 5 6 3 0 . 0 6 2 6 0 . 0 6 9 1 0 . 0 7 5 7 0 . 0 8 2 5 0 . 0 8 9 4
3 0 2 . 0 2 1 0 0 . 0 3 1 6 0 . 0 3 7 2 0 . 0 4 3 0 0 . 0 4 8 9 0 . 0 5 5 0 0 . 0 6 1 2 0 . 0 6 7 5 0 . 0 7 3 9 0 . 0 8 0 5 0 . 0 8 7 3
4 0 2 . 0 6 7 8 0 . 0 3 0 9 0 . 0 3 6 4 0 . 0 4 2 1 0 . 0 4 7 8 0 . 0 5 3 7 0 . 0 5 9 8 0 . 0 6 5 9 0 . 0 7 2 3 0 . 0 7 8 7 0 . 0 8 5 3
5 0 2 . 1 1 4 6 0 . 0 3 0 2 0 . 0 3 5 6 0 . 0 4 1 1 0 . 0 4 6 8 0 . 0 5 2 5 0 . 0 5 8 4 0 . 0 6 4 5 0 . 0 7 0 7 0 . 0 7 7 0 0 . 0 8 3 5
6 0 2 . 1 6 1 2 0 . 0 2 9 5 0 . 0 3 4 8 0 . 0 4 0 2 0 . 0 4 5 8 0 . 0 5 1 4 0 . 0 5 7 2 0 . 0 6 3 1 0 . 0 6 9 1 0 . 0 7 5 3 0 . 0 8 1 7
7 0 2 . 2 0 7 5 0 . 0 2 8 9 0 . 0 3 4 1 0 . 0 3 9 4 0 . 0 4 4 8 0 . 0 5 0 3 0 . 0 5 6 0 0 . 0 6 1 8 0 . 0 6 7 7 0 . 0 7 3 7 0 . 0 7 9 9
8 0 2 . 2 5 3 8 0 . 0 2 8 3 0 . 0 3 3 4 0 . 0 3 8 6 0 . 0 4 3 9 0 . 0 4 9 3 0 . 0 5 4 8 0 . 0 6 0 5 0 . 0 6 6 3 0 . 0 7 2 2 0 . 0 7 8 3
9 0 2 . 2 9 9 4 0 . 0 2 7 8 0 . 0 3 2 7 0 . 0 3 7 8 0 . 0 4 3 0 0 . 0 4 8 3 0 . 0 5 3 8 0 . 0 5 9 3 0 . 0 6 5 0 0 . 0 7 0 8 0 . 0 7 6 7

1 0 0 2 . 3 4 5 2 0 . 0 2 7 2 0 . 0 3 2 1 0 . 0 3 7 1 0 . 0 4 2 2 0 . 0 4 7 4 0 . 0 5 2 7 0 . 0 5 8 1 0 . 0 6 3 7 0 . 0 6 9 4 0 . 0 7 5 2
1 1 0 2 . 3 9 1 2 0 . 0 2 6 7 0 . 0 3 1 5 0 . 0 3 6 4 0 . 0 4 1 4 0 . 0 4 6 5 0 . 0 5 1 7 0 . 0 5 7 0 0 . 0 6 2 5 0 . 0 6 8 1 0 . 0 7 3 8
1 2 0 2 . 4 3 6 6 0 . 0 2 6 2 0 . 0 3 0 9 0 . 0 3 5 7 0 . 0 4 0 6 0 . 0 4 5 6 0 . 0 5 0 7 0 . 0 5 6 0 0 . 0 6 1 3 0 . 0 6 6 8 0 . 0 7 2 4
1 3 0 2 . 4 8 2 0 0 . 0 2 5 7 0 . 0 3 0 3 0 . 0 3 5 0 0 . 0 3 9 8 0 . 0 4 4 8 0 . 0 4 9 8 0 . 0 5 4 9 0 . 0 6 0 2 0 . 0 6 5 6 0 . 0 7 1 1
1 4 0 2 . 5 2 7 2 0 . 0 2 5 3 0 . 0 2 9 8 0 . 0 3 4 4 0 . 0 3 9 1 0 . 0 4 4 0 0 . 0 4 8 9 0 . 0 5 4 0 0 . 0 5 9 1 0 . 0 6 4 4 0 . 0 6 9 8
1 5 0 2 . 5 7 2 7 0 . 0 2 4 8 0 . 0 2 9 3 0 . 0 3 3 8 0 . 0 3 8 4 0 . 0 4 3 2 0 . 0 4 8 0 0 . 0 5 3 0 0 . 0 5 8 1 0 . 0 6 3 3 0 . 0 6 8 6
1 6 0 2 . 6 1 7 1 0 . 0 2 4 4 0 . 0 2 8 8 0 . 0 3 3 2 0 . 0 3 7 8 0 . 0 4 2 5 0 . 0 4 7 2 0 . 0 5 2 1 0 . 0 5 7 1 0 . 0 6 2 2 0 . 0 6 7 4
1 7 0 2 . 6 6 2 4 0 . 0 2 4 0 0 . 0 2 8 3 0 . 0 3 2 7 0 . 0 3 7 1 0 . 0 4 1 7 0 . 0 4 6 4 0 . 0 5 1 2 0 . 0 5 6 1 0 . 0 6 1 1 0 . 0 6 6 3
1 8 0 2 . 7 0 7 1 0 . 0 2 3 6 0 . 0 2 7 8 0 . 0 3 2 1 0 . 0 3 6 5 0 . 0 4 1 0 0 . 0 4 5 7 0 . 0 5 0 4 0 . 0 5 5 2 0 . 0 6 0 1 0 . 0 6 5 2
1 9 0 2 . 7 5 1 8 0 . 0 2 3 2 0 . 0 2 7 4 0 . 0 3 1 6 0 . 0 3 5 9 0 . 0 4 0 4 0 . 0 4 4 9 0 . 0 4 9 6 0 . 0 5 4 3 0 . 0 5 9 2 0 . 0 6 4 1
2 0 0 2 . 7 9 5 4 0 . 0 2 2 8 0 . 0 2 6 9 0 . 0 3 1 1 0 . 0 3 5 4 0 . 0 3 9 7 0 . 0 4 4 2 0 . 0 4 8 8 0 . 0 5 3 5 0 . 0 5 8 2 0 . 0 6 3 1

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H F C -2 2 7 e a va p o r  c an  b e  a p p r o x i m a te d  b y s =  1 . 8 8 5  +  0 . 0 0 4 6t,  wh e r e  t =  te m p e r atu r e  ( ° F ) .

eC [ c o n c e n tr ati o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f H F C - 2 2 7 e a  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



AN N E X  A 2 0 0 1 - 7 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 1 ( j )  H FC - 2 2 7 e a To tal  Fl o o d i n g Q uan ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l um e(s)

( m 3 / kg) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l um e ,  W/V ( kg/ m 3 )  b

D e s i gn  C o n c e n trati o n  ( %  p e r Vo l u m e ) e

6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

− 1 0 0 . 1 2 1 5 0 . 5 2 5 4 0 . 6 1 9 6 0 . 7 1 5 8 0 . 8 1 4 2 0 . 9 1 4 7 1 . 0 1 7 4 1 . 1 2 2 5 1 . 2 3 0 1 1 . 3 4 0 1 1 . 4 5 2 7
− 5 0 . 1 2 4 1 0 . 5 1 4 2 0 . 6 0 6 4 0 . 7 0 0 5 0 . 7 9 8 7 0 . 8 9 5 1 0 . 9 9 5 7 1 . 0 9 8 5 1 . 2 0 3 8 1 . 3 1 1 4 1 . 4 2 1 6

0 0 . 1 2 6 8 0 . 5 0 3 4 0 . 5 9 3 6 0 . 6 8 5 8 0 . 7 8 0 0 0 . 8 7 6 3 0 . 9 7 4 8 1 . 0 7 5 5 1 . 1 7 8 5 1 . 2 8 3 9 1 . 3 9 1 8
5 0 . 1 2 9 4 0 . 4 9 3 2 0 . 5 8 1 6 0 . 6 7 1 9 0 . 7 6 4 2 0 . 8 5 8 6 0 . 9 5 5 0 1 . 0 5 3 7 1 . 1 5 4 6 1 . 2 5 7 9 1 . 3 6 3 6

1 0 0 . 1 3 2 0 0 . 4 8 3 4 0 . 5 7 0 0 0 . 6 5 8 5 0 . 7 4 9 0 0 . 8 4 1 4 0 . 9 3 6 0 1 . 0 3 2 7 1 . 1 3 1 6 1 . 2 3 2 8 1 . 3 2 6 4
1 5 0 . 1 3 4 7 0 . 4 7 4 0 0 . 5 5 8 9 0 . 6 4 5 7 0 . 7 3 4 4 0 . 8 2 5 1 0 . 9 1 7 8 1 . 0 1 2 6 1 . 1 0 9 6 1 . 2 0 8 9 1 . 3 1 0 5
2 0 0 . 1 3 7 3 0 . 4 6 5 0 0 . 5 4 8 3 0 . 6 3 3 5 0 . 7 2 0 5 0 . 8 0 9 4 0 . 9 0 0 4 0 . 9 9 3 4 1 . 0 8 8 6 1 . 1 8 5 9 1 . 2 8 5 6
2 5 0 . 1 3 9 9 0 . 4 5 6 4 0 . 5 3 8 2 0 . 6 2 1 7 0 . 7 0 7 1 0 . 7 9 4 4 0 . 8 8 3 7 0 . 9 7 5 0 1 . 0 6 8 4 1 . 1 6 4 0 1 . 2 6 1 8
3 0 0 . 1 4 2 5 0 . 4 4 8 1 0 . 5 2 8 4 0 . 6 1 0 4 0 . 6 9 4 3 0 . 7 8 0 0 0 . 8 6 7 6 0 . 9 5 7 3 1 . 0 4 9 0 1 . 1 4 2 8 1 . 2 3 8 8
3 5 0 . 1 4 5 0 0 . 4 4 0 1 0 . 5 1 9 0 0 . 5 9 9 6 0 . 6 8 1 9 0 . 7 6 6 1 0 . 8 5 2 2 0 . 9 4 0 2 1 . 0 3 0 3 1 . 1 2 2 4 1 . 2 1 6 8
4 0 0 . 1 4 7 6 0 . 4 3 2 4 0 . 5 0 9 9 0 . 5 8 9 1 0 . 6 7 0 1 0 . 7 5 2 8 0 . 8 3 7 4 0 . 9 2 3 0 1 . 0 1 2 4 1 . 1 0 2 9 1 . 1 9 5 6
4 5 0 . 1 5 0 2 0 . 4 2 5 0 0 . 5 0 1 2 0 . 5 7 9 0 0 . 6 5 8 6 0 . 7 3 9 9 0 . 8 2 3 0 0 . 9 0 8 0 0 . 9 9 5 0 1 . 0 8 4 0 1 . 1 7 5 1
5 0 0 . 1 5 2 7 0 . 4 1 8 0 0 . 4 9 2 9 0 . 5 6 9 4 0 . 6 4 7 6 0 . 7 2 7 6 0 . 8 0 9 3 0 . 8 9 2 9 0 . 9 7 8 4 1 . 0 6 6 0 1 . 1 5 5 5
5 5 0 . 1 5 5 3 0 . 4 1 1 1 0 . 4 8 4 7 0 . 5 6 0 0 0 . 6 3 6 9 0 . 7 1 5 6 0 . 7 9 6 0 0 . 8 7 8 2 0 . 9 6 2 3 1 . 0 4 8 4 1 . 1 3 6 5
6 0 0 . 1 5 7 8 0 . 4 0 4 5 0 . 4 7 7 0 0 . 5 5 1 0 0 . 6 2 6 7 0 . 7 0 4 1 0 . 7 8 3 2 0 . 8 6 4 1 0 . 9 4 6 9 1 . 0 3 1 6 1 . 1 1 8 3
6 5 0 . 1 6 0 4 0 . 3 9 8 0 0 . 4 6 9 4 0 . 5 4 2 3 0 . 6 1 6 7 0 . 6 9 2 9 0 . 7 7 0 7 0 . 8 5 0 4 0 . 9 3 1 8 1 . 0 1 5 2 1 . 1 0 0 5
7 0 0 . 1 6 2 9 0 . 3 9 1 9 0 . 4 6 2 1 0 . 5 3 3 8 0 . 6 0 7 2 0 . 6 8 2 1 0 . 7 5 8 8 0 . 8 3 7 1 0 . 9 1 7 3 0 . 9 9 9 4 1 . 0 8 3 4
7 5 0 . 1 6 5 4 0 . 3 8 5 9 0 . 4 5 5 0 0 . 5 2 5 7 0 . 5 9 7 9 0 . 6 7 1 7 0 . 7 4 7 1 0 . 8 2 4 3 0 . 9 0 3 3 0 . 9 8 4 1 1 . 0 6 6 8
8 0 0 . 1 6 7 9 0 . 3 8 0 1 0 . 4 4 8 2 0 . 5 1 7 8 0 . 5 8 9 0 0 . 6 6 1 7 0 . 7 3 6 0 0 . 8 1 2 0 0 . 8 8 9 8 0 . 9 6 9 4 1 . 0 5 0 9
8 5 0 . 1 7 0 4 0 . 3 7 4 5 0 . 4 4 1 6 0 . 5 1 0 2 0 . 5 8 0 3 0 . 6 5 1 9 0 . 7 2 5 1 0 . 8 0 0 0 0 . 8 7 6 7 0 . 9 5 5 1 1 . 0 3 5 4
9 0 0 . 1 7 3 0 0 . 3 6 9 0 0 . 4 3 5 1 0 . 5 0 2 7 0 . 5 7 1 7 0 . 6 4 2 3 0 . 7 1 4 5 0 . 7 8 8 3 0 . 8 6 3 8 0 . 9 4 1 1 1 . 0 2 0 2

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  o f a g e n t p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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100

ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H F C -2 2 7 e a va p o r  c an  b e  a p p r o x i m a te d  b y s =  0 . 1 2 6 9  +  0 . 0 0 0 5t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .
eC [ c o n c e n tr ati o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f H F C - 2 2 7 e a  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 7 6

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 1 ( k )  H FC - 2 3  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l um e ,  W/V ( l b / ft3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

1 0 1 2 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 2

− 7 0 3 . 9 6 3 6 0 . 0 2 8 0 0 . 0 3 4 4 0 . 0 4 1 1 0 . 0 4 4 5 0 . 0 4 8 1 0 . 0 5 1 7 0 . 0 5 5 4 0 . 0 5 9 2 0 . 0 6 3 1 0 . 0 7 1 2
− 6 0 4 . 0 7 5 2 0 . 0 2 7 3 0 . 0 3 3 5 0 . 0 3 9 9 0 . 0 4 3 3 0 . 0 4 6 7 0 . 0 5 0 3 0 . 0 5 3 9 0 . 0 5 7 6 0 . 0 6 1 3 0 . 0 6 9 2
− 5 0 4 . 1 8 5 9 0 . 0 2 6 5 0 . 0 3 2 6 0 . 0 3 8 9 0 . 0 4 2 2 0 . 0 4 5 5 0 . 0 4 8 9 0 . 0 5 2 4 0 . 0 5 6 0 0 . 0 5 9 7 0 . 0 6 7 4
− 4 0 4 . 2 9 5 9 0 . 0 2 5 9 0 . 0 3 1 7 0 . 0 3 7 9 0 . 0 4 1 1 0 . 0 4 4 3 0 . 0 4 7 7 0 . 0 5 1 1 0 . 0 5 4 6 0 . 0 5 8 2 0 . 0 6 5 7
− 3 0 4 . 4 0 5 3 0 . 0 2 5 2 0 . 0 3 1 0 0 . 0 3 7 0 0 . 0 4 0 1 0 . 0 4 3 2 0 . 0 4 6 5 0 . 0 4 9 8 0 . 0 5 3 2 0 . 0 5 6 7 0 . 0 6 4 0
− 2 0 4 . 5 1 5 1 0 . 0 2 4 6 0 . 0 3 0 2 0 . 0 3 6 1 0 . 0 3 9 1 0 . 0 4 2 2 0 . 0 4 5 4 0 . 0 4 8 6 0 . 0 5 2 0 0 . 0 5 5 4 0 . 0 6 2 5
− 1 0 4 . 6 2 2 5 0 . 0 2 4 0 0 . 0 2 9 5 0 . 0 3 5 2 0 . 0 3 8 2 0 . 0 4 1 2 0 . 0 4 4 3 0 . 0 4 7 5 0 . 0 5 0 7 0 . 0 5 4 1 0 . 0 6 1 0

0 4 . 7 3 0 5 0 . 0 2 3 5 0 . 0 2 8 8 0 . 0 3 4 4 0 . 0 3 7 3 0 . 0 4 0 3 0 . 0 4 3 3 0 . 0 4 6 4 0 . 0 4 9 6 0 . 0 5 2 8 0 . 0 5 9 6
1 0 4 . 8 3 8 3 0 . 0 2 3 0 0 . 0 2 8 2 0 . 0 3 3 6 0 . 0 3 6 5 0 . 0 3 9 4 0 . 0 4 2 3 0 . 0 4 5 4 0 . 0 4 8 5 0 . 0 5 1 7 0 . 0 5 8 3
2 0 4 . 9 4 5 7 0 . 0 2 2 5 0 . 0 2 7 6 0 . 0 3 2 9 0 . 0 3 5 7 0 . 0 3 8 5 0 . 0 4 1 4 0 . 0 4 4 4 0 . 0 4 7 4 0 . 0 5 0 5 0 . 0 5 7 0
3 0 5 . 0 5 2 9 0 . 0 2 2 0 0 . 0 2 7 0 0 . 0 3 2 2 0 . 0 3 4 9 0 . 0 3 7 7 0 . 0 4 0 5 0 . 0 4 3 4 0 . 0 4 6 4 0 . 0 4 9 5 0 . 0 5 5 8
4 0 5 . 1 5 9 9 0 . 0 2 1 5 0 . 0 2 6 4 0 . 0 3 1 5 0 . 0 3 4 2 0 . 0 3 6 9 0 . 0 3 9 7 0 . 0 4 2 5 0 . 0 4 5 5 0 . 0 4 8 5 0 . 0 5 4 7
5 0 5 . 2 6 6 6 0 . 0 2 1 1 0 . 0 2 5 9 0 . 0 3 0 9 0 . 0 3 3 5 0 . 0 3 6 2 0 . 0 3 8 9 0 . 0 4 1 7 0 . 0 4 4 5 0 . 0 4 7 5 0 . 0 5 3 6
6 0 5 . 3 7 3 3 0 . 0 2 0 7 0 . 0 2 5 4 0 . 0 3 0 3 0 . 0 3 2 8 0 . 0 3 5 4 0 . 0 3 8 1 0 . 0 4 0 9 0 . 0 4 3 7 0 . 0 4 6 5 0 . 0 5 2 5
7 0 5 . 4 7 9 7 0 . 0 2 0 3 0 . 0 2 4 9 0 . 0 2 9 7 0 . 0 3 2 2 0 . 0 3 4 8 0 . 0 3 7 4 0 . 0 4 0 1 0 . 0 4 2 8 0 . 0 4 5 6 0 . 0 5 1 5
8 0 5 . 5 8 6 0 0 . 0 1 9 9 0 . 0 2 4 4 0 . 0 2 9 1 0 . 0 3 1 6 0 . 0 3 4 1 0 . 0 3 6 7 0 . 0 3 9 3 0 . 0 4 2 0 0 . 0 4 4 8 0 . 0 5 0 5
9 0 5 . 6 9 2 2 0 . 0 1 9 5 0 . 0 2 4 0 0 . 0 2 8 6 0 . 0 3 1 0 0 . 0 3 3 5 0 . 0 3 6 0 0 . 0 3 8 6 0 . 0 4 1 2 0 . 0 4 3 9 0 . 0 4 9 6

1 0 0 5 . 7 9 8 3 0 . 0 1 9 2 0 . 0 2 3 5 0 . 0 2 8 1 0 . 0 3 0 4 0 . 0 3 2 9 0 . 0 3 5 3 0 . 0 3 7 9 0 . 0 4 0 5 0 . 0 4 3 1 0 . 0 4 8 6
1 1 0 5 . 9 0 4 3 0 . 0 1 8 8 0 . 0 2 3 1 0 . 0 2 7 6 0 . 0 2 9 9 0 . 0 3 2 3 0 . 0 3 4 7 0 . 0 3 7 2 0 . 0 3 9 7 0 . 0 4 2 3 0 . 0 4 7 8
1 2 0 6 . 0 1 0 2 0 . 0 1 8 5 0 . 0 2 2 7 0 . 0 2 7 1 0 . 0 2 9 4 0 . 0 3 1 7 0 . 0 3 4 1 0 . 0 3 6 5 0 . 0 3 9 0 0 . 0 4 1 6 0 . 0 4 6 9
1 3 0 6 . 1 1 6 0 0 . 0 1 8 2 0 . 0 2 2 3 0 . 0 2 6 6 0 . 0 2 8 9 0 . 0 3 1 1 0 . 0 3 3 5 0 . 0 3 5 9 0 . 0 3 8 4 0 . 0 4 0 9 0 . 0 4 6 1
1 4 0 6 . 2 2 1 7 0 . 0 1 7 9 0 . 0 2 1 9 0 . 0 2 6 2 0 . 0 2 8 4 0 . 0 3 0 6 0 . 0 3 2 9 0 . 0 3 5 3 0 . 0 3 7 7 0 . 0 4 0 2 0 . 0 4 5 3
1 5 0 6 . 3 2 7 4 0 . 0 1 7 6 0 . 0 2 1 6 0 . 0 2 5 7 0 . 0 2 7 9 0 . 0 3 0 1 0 . 0 3 2 4 0 . 0 3 4 7 0 . 0 3 7 1 0 . 0 3 9 5 0 . 0 4 4 6
1 6 0 6 . 4 3 3 0 0 . 0 1 7 3 0 . 0 2 1 2 0 . 0 2 5 3 0 . 0 2 7 4 0 . 0 2 9 6 0 . 0 3 1 8 0 . 0 3 4 1 0 . 0 3 6 5 0 . 0 3 8 9 0 . 0 4 3 8
1 7 0 6 . 5 3 8 5 0 . 0 1 7 0 0 . 0 2 0 9 0 . 0 2 4 9 0 . 0 2 7 0 0 . 0 2 9 1 0 . 0 3 1 3 0 . 0 3 3 6 0 . 0 3 5 9 0 . 0 3 8 2 0 . 0 4 3 1
1 8 0 6 . 6 4 4 0 0 . 0 1 6 7 0 . 0 2 0 5 0 . 0 2 4 5 0 . 0 2 6 6 0 . 0 2 8 7 0 . 0 3 0 8 0 . 0 3 3 0 0 . 0 3 5 3 0 . 0 3 7 6 0 . 0 4 2 4
1 9 0 6 . 7 4 9 4 0 . 0 1 6 5 0 . 0 2 0 2 0 . 0 2 4 1 0 . 0 2 6 1 0 . 0 2 8 2 0 . 0 3 0 3 0 . 0 3 2 5 0 . 0 3 4 8 0 . 0 3 7 0 0 . 0 4 1 8

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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



100

ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H F C -2 3  va p o r  c an  b e  a p p r o x i m a te d  b y s =  4 . 7 2 6 4  +  0 . 0 1 0 7t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C - 2 3  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 7 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 1 ( l )  H FC - 2 3  To tal  Fl o o d i n g Q uan ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l u m e(s)

( m 3 / kg) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l um e ,  W/V ( kg/ m 3 ) b  

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e  

1 0 1 2 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 2 2 4

− 6 0 0 . 2 4 3 2 0 . 4 5 6 8 0 . 5 6 0 6 0 . 6 6 9 3 0 . 7 2 5 5 0 . 7 8 3 1 0 . 8 4 2 1 0 . 9 0 2 5 0 . 9 6 4 4 1 . 0 2 7 8 1 . 1 5 9 6 1 . 2 9 8 3
− 5 5 0 . 2 4 9 5 0 . 4 4 5 3 0 . 5 4 6 5 0 . 6 5 2 4 0 . 7 0 7 2 0 . 7 6 3 3 0 . 8 2 0 8 0 . 8 7 9 7 0 . 9 4 0 0 1 . 0 0 1 8 1 . 1 3 0 3 1 . 2 6 5 5
− 5 0 0 . 2 5 5 8 0 . 4 3 4 4 0 . 5 3 3 1 0 . 6 3 6 4 0 . 6 8 9 9 0 . 7 4 4 6 0 . 8 0 0 7 0 . 8 5 8 1 0 . 9 1 7 0 0 . 9 7 7 3 1 . 1 0 2 6 1 . 2 3 4 5
− 4 5 0 . 2 6 2 0 0 . 4 2 4 1 0 . 5 2 0 5 0 . 6 2 1 3 0 . 6 7 3 5 0 . 7 2 7 0 0 . 7 8 1 7 0 . 8 3 7 8 0 . 8 9 5 3 0 . 9 5 4 2 1 . 0 7 6 5 1 . 2 0 5 3
− 4 0 0 . 2 6 8 2 0 . 4 1 4 3 0 . 5 0 8 5 0 . 6 0 7 0 0 . 6 5 8 0 0 . 7 1 0 2 0 . 7 6 3 7 0 . 8 1 8 5 0 . 8 7 4 6 0 . 9 3 2 2 1 . 0 5 1 7 1 . 1 7 7 5
− 3 5 0 . 2 7 4 3 0 . 4 0 5 0 0 . 4 9 7 1 0 . 5 9 3 4 0 . 6 4 3 3 0 . 6 9 4 3 0 . 7 4 6 6 0 . 8 0 0 2 0 . 8 5 5 1 0 . 9 1 1 3 1 . 0 2 8 1 1 . 1 5 1 1
− 3 0 0 . 2 8 0 5 0 . 3 9 6 2 0 . 4 8 6 2 0 . 5 8 0 5 0 . 6 2 9 2 0 . 6 7 9 2 0 . 7 3 0 3 0 . 7 8 2 7 0 . 8 3 6 4 0 . 8 9 1 4 1 . 0 0 5 7 1 . 1 2 6 0
− 2 5 0 . 2 8 6 6 0 . 3 8 7 8 0 . 4 7 5 9 0 . 5 6 8 1 0 . 6 1 5 8 0 . 6 6 4 7 0 . 7 1 4 8 0 . 7 6 6 1 0 . 8 1 8 6 0 . 8 7 2 4 0 . 9 8 4 3 1 . 1 0 2 0
− 2 0 0 . 2 9 2 6 0 . 3 7 9 7 0 . 4 6 6 0 0 . 5 5 6 3 0 . 6 0 3 1 0 . 6 5 0 9 0 . 6 9 9 9 0 . 7 5 0 2 0 . 8 0 1 6 0 . 8 5 4 4 0 . 9 6 3 9 1 . 0 7 9 2
− 1 5 0 . 2 9 8 7 0 . 3 7 2 0 0 . 4 5 6 6 0 . 5 4 5 0 0 . 5 9 0 8 0 . 6 3 7 7 0 . 6 8 5 7 0 . 7 3 4 9 0 . 7 8 5 3 0 . 8 3 7 0 0 . 9 4 4 3 1 . 0 5 7 3
− 1 0 0 . 3 0 4 7 0 . 3 6 4 6 0 . 4 4 7 5 0 . 5 3 4 2 0 . 5 7 9 1 0 . 6 2 5 1 0 . 6 7 2 1 0 . 7 2 0 3 0 . 7 6 9 8 0 . 8 2 0 4 0 . 9 2 5 6 1 . 0 3 6 3

− 5 0 . 3 1 0 8 0 . 3 5 7 5 0 . 4 3 8 8 0 . 5 2 3 8 0 . 5 6 7 9 0 . 6 1 2 9 0 . 6 5 9 1 0 . 7 0 6 4 0 . 7 5 4 8 0 . 8 0 4 5 0 . 9 0 7 6 1 . 0 1 6 2
0 0 . 3 1 6 8 0 . 3 5 0 8 0 . 4 3 0 5 0 . 5 1 3 9 0 . 5 5 7 1 0 . 6 0 1 3 0 . 6 4 6 6 0 . 6 9 2 9 0 . 7 4 0 5 0 . 7 8 9 2 0 . 8 9 0 4 0 . 9 9 6 9
5 0 . 3 2 2 8 0 . 3 4 4 2 0 . 4 2 2 5 0 . 5 0 4 3 0 . 5 4 6 7 0 . 5 9 0 1 0 . 6 3 4 5 0 . 6 8 0 0 0 . 7 2 6 7 0 . 7 7 4 5 0 . 8 7 3 8 0 . 9 7 8 3

1 0 0 . 3 2 8 8 0 . 3 3 7 9 0 . 4 1 4 7 0 . 4 9 5 1 0 . 5 3 6 7 0 . 5 7 9 3 0 . 6 2 2 9 0 . 6 6 7 6 0 . 7 1 3 4 0 . 7 6 0 4 0 . 8 5 7 8 0 . 9 6 0 5
1 5 0 . 3 3 4 8 0 . 3 3 1 9 0 . 4 0 7 3 0 . 4 8 6 3 0 . 5 2 7 1 0 . 5 6 9 0 0 . 6 1 1 8 0 . 6 5 5 7 0 . 7 0 0 7 0 . 7 4 6 8 0 . 8 4 2 5 0 . 9 4 3 3
2 0 0 . 3 4 0 8 0 . 3 2 6 1 0 . 4 0 0 2 0 . 4 7 7 7 0 . 5 1 7 9 0 . 5 5 9 0 0 . 6 0 1 1 0 . 6 4 4 2 0 . 6 8 8 4 0 . 7 3 3 7 0 . 8 2 7 7 0 . 9 2 6 7
2 5 0 . 3 4 6 7 0 . 3 2 0 4 0 . 3 9 3 3 0 . 4 6 9 5 0 . 5 0 8 9 0 . 5 4 9 3 0 . 5 9 0 7 0 . 6 3 3 1 0 . 6 7 6 5 0 . 7 2 1 0 0 . 8 1 3 4 0 . 9 1 0 7
3 0 0 . 3 5 2 7 0 . 3 1 5 0 0 . 3 8 6 6 0 . 4 6 1 6 0 . 5 0 0 3 0 . 5 4 0 1 0 . 5 8 0 7 0 . 6 2 2 4 0 . 6 6 5 1 0 . 7 0 8 8 0 . 7 9 9 7 0 . 8 9 5 3
3 5 0 . 3 5 8 7 0 . 3 0 9 8 0 . 3 8 0 2 0 . 4 5 3 9 0 . 4 9 2 0 0 . 5 3 1 1 0 . 5 7 1 1 0 . 6 1 2 0 0 . 6 5 4 0 0 . 6 9 7 0 0 . 7 8 6 4 0 . 8 8 0 4
4 0 0 . 3 6 4 6 0 . 3 0 4 7 0 . 3 7 4 0 0 . 4 4 6 5 0 . 4 8 4 0 0 . 5 2 2 4 0 . 5 6 1 7 0 . 6 0 2 0 0 . 6 4 3 3 0 . 6 8 5 6 0 . 7 7 3 5 0 . 8 6 6 1
4 5 0 . 3 7 0 6 0 . 2 9 9 8 0 . 3 6 8 0 0 . 4 3 9 3 0 . 4 7 6 2 0 . 5 1 4 0 0 . 5 5 2 7 0 . 5 9 2 3 0 . 6 3 3 0 0 . 6 7 4 6 0 . 7 6 1 1 0 . 8 5 2 1
5 0 0 . 3 7 6 5 0 . 2 9 5 1 0 . 3 6 2 2 0 . 4 3 2 3 0 . 4 6 8 7 0 . 5 0 5 9 0 . 5 4 4 0 0 . 5 8 3 0 0 . 6 2 3 0 0 . 6 6 4 0 0 . 7 4 9 1 0 . 8 3 8 7
5 5 0 . 3 8 2 5 0 . 2 9 0 5 0 . 3 5 6 5 0 . 4 2 5 6 0 . 4 6 1 4 0 . 4 9 8 0 0 . 5 3 5 5 0 . 5 7 3 9 0 . 6 1 3 3 0 . 6 5 3 6 0 . 7 3 7 4 0 . 8 2 5 7
6 0 0 . 3 8 8 4 0 . 2 8 6 1 0 . 3 5 1 1 0 . 4 1 9 1 0 . 4 5 4 3 0 . 4 9 0 4 0 . 5 2 7 3 0 . 5 6 5 2 0 . 6 0 3 9 0 . 6 4 3 6 0 . 7 2 6 2 0 . 8 1 3 0
6 5 0 . 3 9 4 4 0 . 2 8 1 8 0 . 3 4 5 8 0 . 4 1 2 8 0 . 4 4 7 5 0 . 4 8 3 0 0 . 5 1 9 4 0 . 5 5 6 6 0 . 5 9 4 8 0 . 6 3 4 0 0 . 7 1 5 2 0 . 8 0 0 8
7 0 0 . 4 0 0 3 0 . 2 7 7 6 0 . 3 4 0 7 0 . 4 0 6 7 0 . 4 4 0 9 0 . 4 7 5 9 0 . 5 1 1 7 0 . 5 4 8 4 0 . 5 8 6 0 0 . 6 2 4 6 0 . 7 0 4 6 0 . 7 8 8 9

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H F C -2 3  va p o r  c an  b e  a p p r o x i m a te d  b y s =  0 . 3 1 6 4  +  0 . 0 0 1 2t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C - 2 3  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 7 8

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 1 ( m )  H FC - 2 3 6 fa To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p  (t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

5 6 7 8 9 1 0 1 1 1 2 1 3 1 4

3 0 2 . 2 4 5 4 0 . 0 2 3 4 0 . 0 2 8 4 0 . 0 3 3 5 0 . 0 3 8 7 0 . 0 4 4 0 0 . 0 4 9 5 0 . 0 5 5 0 0 . 0 6 0 7 0 . 0 6 6 5 0 . 0 7 2 5
4 0 2 . 2 9 9 7 0 . 0 2 2 9 0 . 0 2 7 8 0 . 0 3 2 7 0 . 0 3 7 8 0 . 0 4 3 0 0 . 0 4 8 3 0 . 0 5 3 7 0 . 0 5 9 3 0 . 0 6 5 0 0 . 0 7 0 8
5 0 2 . 3 5 3 3 0 . 0 2 2 4 0 . 0 2 7 1 0 . 0 3 2 0 0 . 0 3 7 0 0 . 0 4 2 0 0 . 0 4 7 2 0 . 0 5 2 5 0 . 0 5 7 9 0 . 0 6 3 5 0 . 0 6 9 2
6 0 2 . 4 0 6 4 0 . 0 2 1 9 0 . 0 2 6 5 0 . 0 3 1 3 0 . 0 3 6 1 0 . 0 4 1 1 0 . 0 4 6 2 0 . 0 5 1 4 0 . 0 5 6 7 0 . 0 6 2 1 0 . 0 6 7 6
7 0 2 . 4 5 9 1 0 . 0 2 1 4 0 . 0 2 6 0 0 . 0 3 0 6 0 . 0 3 5 4 0 . 0 4 0 2 0 . 0 4 5 2 0 . 0 5 0 3 0 . 0 5 5 5 0 . 0 6 0 8 0 . 0 6 6 2
8 0 2 . 5 1 1 4 0 . 0 2 1 0 0 . 0 2 5 4 0 . 0 3 0 0 0 . 0 3 4 6 0 . 0 3 9 4 0 . 0 4 4 2 0 . 0 4 9 2 0 . 0 5 4 3 0 . 0 5 9 5 0 . 0 6 4 8
9 0 2 . 5 6 3 3 0 . 0 2 0 5 0 . 0 2 4 9 0 . 0 2 9 4 0 . 0 3 3 9 0 . 0 3 8 6 0 . 0 4 3 3 0 . 0 4 8 2 0 . 0 5 3 2 0 . 0 5 8 3 0 . 0 6 3 5

1 0 0 2 . 6 1 5 0 0 . 0 2 0 1 0 . 0 2 4 4 0 . 0 2 8 8 0 . 0 3 3 3 0 . 0 3 7 8 0 . 0 4 2 5 0 . 0 4 7 3 0 . 0 5 2 1 0 . 0 5 7 1 0 . 0 6 2 3
1 1 0 2 . 6 6 6 3 0 . 0 1 9 7 0 . 0 2 3 9 0 . 0 2 8 2 0 . 0 3 2 6 0 . 0 3 7 1 0 . 0 4 1 7 0 . 0 4 6 4 0 . 0 5 1 1 0 . 0 5 6 0 0 . 0 6 1 1
1 2 0 2 . 7 1 7 4 0 . 0 1 9 4 0 . 0 2 3 5 0 . 0 2 7 7 0 . 0 3 2 0 0 . 0 3 6 4 0 . 0 4 0 9 0 . 0 4 5 5 0 . 0 5 0 2 0 . 0 5 5 0 0 . 0 5 9 9
1 3 0 2 . 7 6 8 3 0 . 0 1 9 0 0 . 0 2 3 1 0 . 0 2 7 2 0 . 0 3 1 4 0 . 0 3 5 7 0 . 0 4 0 1 0 . 0 4 4 6 0 . 0 4 9 3 0 . 0 5 4 0 0 . 0 5 8 8
1 4 0 2 . 8 1 9 0 0 . 0 1 8 7 0 . 0 2 2 6 0 . 0 2 6 7 0 . 0 3 0 8 0 . 0 3 5 1 0 . 0 3 9 4 0 . 0 4 3 8 0 . 0 4 8 4 0 . 0 5 3 0 0 . 0 5 7 7
1 5 0 2 . 8 6 9 5 0 . 0 1 8 3 0 . 0 2 2 2 0 . 0 2 6 2 0 . 0 3 0 3 0 . 0 3 4 5 0 . 0 3 8 7 0 . 0 4 3 1 0 . 0 4 7 5 0 . 0 5 2 1 0 . 0 5 6 7
1 6 0 2 . 9 1 9 9 0 . 0 1 8 0 0 . 0 2 1 9 0 . 0 2 5 8 0 . 0 2 9 8 0 . 0 3 3 9 0 . 0 3 8 1 0 . 0 4 2 3 0 . 0 4 6 7 0 . 0 5 1 2 0 . 0 5 5 8
1 7 0 2 . 9 7 0 1 0 . 0 1 7 7 0 . 0 2 1 5 0 . 0 2 5 3 0 . 0 2 9 3 0 . 0 3 3 3 0 . 0 3 7 4 0 . 0 4 1 6 0 . 0 4 5 9 0 . 0 5 0 3 0 . 0 5 4 8
1 8 0 3 . 0 2 0 2 0 . 0 1 7 4 0 . 0 2 1 1 0 . 0 2 4 9 0 . 0 2 8 8 0 . 0 3 2 7 0 . 0 3 6 8 0 . 0 4 0 9 0 . 0 4 5 2 0 . 0 4 9 5 0 . 0 5 3 9
1 9 0 3 . 0 7 0 2 0 . 0 1 7 1 0 . 0 2 0 8 0 . 0 2 4 5 0 . 0 2 8 3 0 . 0 3 2 2 0 . 0 3 6 2 0 . 0 4 0 3 0 . 0 4 4 4 0 . 0 4 8 7 0 . 0 5 3 0
2 0 0 3 . 1 2 0 1 0 . 0 1 6 9 0 . 0 2 0 5 0 . 0 2 4 1 0 . 0 2 7 9 0 . 0 3 1 7 0 . 0 3 5 6 0 . 0 3 9 6 0 . 0 4 3 7 0 . 0 4 7 9 0 . 0 5 2 2

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H F C -2 3 6 fa  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  2 . 0 9 8 3  +  0 . 0 0 5 1 t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
eC [ c o n c e n tr ati o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f H F C - 2 3 6 fa  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 7 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Tab l e  A. 7 . 3 . 1 ( n )  H FC - 2 3 6 fa To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts ) a

Te m p  (t)
( ° C )

Specifc
Vap o r

Vo l u m e  (s)

( m 3 / kg) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( k g/ m 3 ) b

D e s i gn  C o n c e n trati o n  ( %  b y vo l u m e ) e

5 6 7 8 9 1 0 1 1 1 2 1 3 1 4

0 0 . 1 4 0 9 0 . 3 7 3 6 0 . 4 5 3 1 0 . 5 3 4 4 0 . 6 1 7 3 0 . 7 0 2 1 0 . 7 8 8 8 0 . 8 7 7 4 0 . 9 6 8 1 1 . 0 6 0 8 1 . 1 5 5 7
5 0 . 1 4 3 9 0 . 3 6 5 8 0 . 4 4 3 6 0 . 5 2 3 1 0 . 6 0 4 3 0 . 6 8 7 3 0 . 7 7 2 1 0 . 8 5 8 9 0 . 9 4 7 6 1 . 0 3 8 4 1 . 1 3 1 3

1 0 0 . 1 4 6 9 0 . 3 5 8 3 0 . 4 3 4 5 0 . 5 1 2 3 0 . 5 9 1 9 0 . 6 7 3 2 0 . 7 5 6 3 0 . 8 4 1 3 0 . 9 2 8 2 1 . 0 1 7 1 1 . 1 0 8 1
1 5 0 . 1 4 9 9 0 . 3 5 1 1 0 . 4 2 5 8 0 . 5 0 2 1 0 . 5 8 0 1 0 . 6 5 9 8 0 . 7 4 1 2 0 . 8 2 4 5 0 . 9 0 9 7 0 . 9 9 6 8 1 . 0 8 6 0
2 0 0 . 1 5 2 9 0 . 3 4 4 3 0 . 4 1 7 6 0 . 4 9 2 4 0 . 5 6 8 9 0 . 6 4 7 0 0 . 7 2 6 9 0 . 8 0 8 6 0 . 8 9 2 1 0 . 9 7 7 5 1 . 0 6 5 0
2 5 0 . 1 5 5 8 0 . 3 3 7 8 0 . 4 0 9 7 0 . 4 8 3 1 0 . 5 5 8 1 0 . 6 3 4 8 0 . 7 1 3 1 0 . 7 9 3 2 0 . 8 7 5 2 0 . 9 5 9 0 1 . 0 4 4 8
3 0 0 . 1 5 8 7 0 . 3 3 1 6 0 . 4 0 2 1 0 . 4 7 4 2 0 . 5 4 7 8 0 . 6 2 3 1 0 . 7 0 0 0 0 . 7 7 8 7 0 . 8 5 9 1 0 . 9 4 1 4 1 . 0 2 5 6
3 5 0 . 1 6 1 6 0 . 3 2 5 6 0 . 3 9 4 9 0 . 4 6 5 7 0 . 5 3 8 0 0 . 6 1 1 9 0 . 6 8 7 4 0 . 7 6 4 6 0 . 8 4 3 6 0 . 9 2 4 4 1 . 0 0 7 1
4 0 0 . 1 6 4 5 0 . 3 1 9 9 0 . 3 8 8 0 0 . 4 5 7 5 0 . 5 2 8 5 0 . 6 0 1 1 0 . 6 7 5 3 0 . 7 5 1 2 0 . 8 2 8 8 0 . 9 0 8 2 0 . 9 8 9 4
4 5 0 . 1 6 7 4 0 . 3 1 4 4 0 . 3 8 1 3 0 . 4 4 9 6 0 . 5 1 9 4 0 . 5 9 0 8 0 . 6 6 3 7 0 . 7 3 8 3 0 . 8 1 4 5 0 . 8 9 2 6 0 . 9 7 2 4
5 0 0 . 1 7 0 3 0 . 3 0 9 1 0 . 3 7 4 9 0 . 4 4 2 0 0 . 5 1 0 7 0 . 5 8 0 8 0 . 6 5 2 5 0 . 7 2 5 8 0 . 8 0 0 8 0 . 8 7 7 5 0 . 9 5 6 0
5 5 0 . 1 7 3 1 0 . 3 0 4 0 0 . 3 6 8 7 0 . 4 3 4 7 0 . 5 0 2 2 0 . 5 7 1 2 0 . 6 4 1 7 0 . 7 1 3 8 0 . 7 8 7 6 0 . 8 6 3 0 0 . 9 4 0 2
6 0 0 . 1 7 6 0 0 . 2 9 9 1 0 . 3 6 2 7 0 . 4 2 7 7 0 . 4 9 4 1 0 . 5 6 2 0 0 . 6 3 1 3 0 . 7 0 2 3 0 . 7 7 4 8 0 . 8 4 9 1 0 . 9 2 5 0
6 5 0 . 1 7 8 8 0 . 2 9 4 3 0 . 3 5 6 9 0 . 4 2 0 9 0 . 4 8 6 3 0 . 5 5 3 1 0 . 6 2 1 4 0 . 6 9 1 2 0 . 7 6 2 6 0 . 8 3 5 6 0 . 9 1 0 4
7 0 0 . 1 8 1 7 0 . 2 8 9 7 0 . 3 5 1 4 0 . 4 1 4 3 0 . 4 7 8 7 0 . 5 4 4 4 0 . 6 1 1 6 0 . 6 8 0 4 0 . 7 5 0 7 0 . 8 2 2 6 0 . 8 9 6 1
7 5 0 . 1 8 4 5 0 . 2 8 5 3 0 . 3 4 6 0 0 . 4 0 8 0 0 . 4 7 1 4 0 . 5 3 6 1 0 . 6 0 2 3 0 . 6 7 0 0 0 . 7 3 9 2 0 . 8 1 0 0 0 . 8 8 2 4
8 0 0 . 1 8 7 3 0 . 2 8 1 0 0 . 3 4 0 8 0 . 4 0 1 9 0 . 4 6 4 3 0 . 5 2 8 0 0 . 5 9 3 2 0 . 6 5 9 9 0 . 7 2 8 0 0 . 7 9 7 8 0 . 8 6 9 1
8 5 0 . 1 9 0 1 0 . 2 7 6 8 0 . 3 3 5 8 0 . 3 9 5 9 0 . 4 5 7 4 0 . 5 2 0 2 0 . 5 8 4 5 0 . 6 5 0 1 0 . 7 1 7 3 0 . 7 8 6 0 0 . 8 5 6 3
9 0 0 . 1 9 2 9 0 . 2 7 2 8 0 . 3 3 0 9 0 . 3 9 0 2 0 . 4 5 0 8 0 . 5 1 2 7 0 . 5 7 6 0 0 . 6 4 0 7 0 . 7 0 6 9 0 . 7 7 4 6 0 . 8 4 3 9
9 5 0 . 1 9 5 7 0 . 2 6 8 9 0 . 3 2 6 1 0 . 3 8 4 6 0 . 4 4 4 3 0 . 5 0 5 3 0 . 5 6 7 7 0 . 6 3 1 5 0 . 6 9 6 8 0 . 7 6 3 5 0 . 8 3 1 8

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c ate d  c o n c e n tr a ti o n
a t te m p e r atu r e  specifed.
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ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H F C -2 3 6 fa  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  0 . 1 4 1 3  +  0 . 0 0 0 6t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C - 2 3 6 fa i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 8 0

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 1 ( o )  FI C - 1 3 I 1  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e  (s)

( ft3 / l b ) d

We i gh t Re q u i re m e n ts  o f H az ard  Vo l u m e ,  W/V ( l b / ft3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

3 4 5 6 7 8 9 1 0

0 1 . 6 8 2 6 0 . 0 1 8 4 0 . 0 2 4 8 0 . 0 3 1 3 0 . 0 3 7 9 0 . 0 4 4 7 0 . 0 5 1 7 0 . 0 5 8 8 0 . 0 6 6 0
1 0 1 . 7 2 6 4 0 . 0 1 7 9 0 . 0 2 4 1 0 . 0 3 0 5 0 . 0 3 7 0 0 . 0 4 3 6 0 . 0 5 0 4 0 . 0 5 7 3 0 . 0 6 4 4
2 0 1 . 7 7 0 3 0 . 0 1 7 5 0 . 0 2 3 5 0 . 0 2 9 7 0 . 0 3 6 1 0 . 0 4 2 5 0 . 0 4 9 1 0 . 0 5 5 9 0 . 0 6 2 8
3 0 1 . 8 1 4 1 0 . 0 1 7 0 0 . 0 2 3 0 0 . 0 2 9 0 0 . 0 3 5 2 0 . 0 4 1 5 0 . 0 4 7 9 0 . 0 5 4 5 0 . 0 6 1 2
4 0 1 . 8 5 8 0 0 . 0 1 6 6 0 . 0 2 2 4 0 . 0 2 8 3 0 . 0 3 4 4 0 . 0 4 0 5 0 . 0 4 6 8 0 . 0 5 3 2 0 . 0 5 9 8
5 0 1 . 9 0 1 9 0 . 0 1 6 3 0 . 0 2 1 9 0 . 0 2 7 7 0 . 0 3 3 6 0 . 0 3 9 6 0 . 0 4 5 7 0 . 0 5 2 0 0 . 0 5 8 4
6 0 1 . 9 4 5 7 0 . 0 1 5 9 0 . 0 2 1 4 0 . 0 2 7 0 0 . 0 3 2 8 0 . 0 3 8 7 0 . 0 4 4 7 0 . 0 5 0 8 0 . 0 5 7 1
7 0 1 . 9 8 9 6 0 . 0 1 5 5 0 . 0 2 0 9 0 . 0 2 6 5 0 . 0 3 2 1 0 . 0 3 7 8 0 . 0 4 3 7 0 . 0 4 9 7 0 . 0 5 5 8
8 0 2 . 0 3 3 5 0 . 0 1 5 2 0 . 0 2 0 5 0 . 0 2 5 9 0 . 0 3 1 4 0 . 0 3 7 0 0 . 0 4 2 8 0 . 0 4 8 6 0 . 0 5 4 6
9 0 2 . 0 7 7 3 0 . 0 1 4 9 0 . 0 2 0 1 0 . 0 2 5 3 0 . 0 3 0 7 0 . 0 3 6 2 0 . 0 4 1 9 0 . 0 4 7 6 0 . 0 5 3 5

1 0 0 2 . 1 2 1 2 0 . 0 1 4 6 0 . 0 1 9 6 0 . 0 2 4 8 0 . 0 3 0 1 0 . 0 3 5 5 0 . 0 4 1 0 0 . 0 4 6 6 0 . 0 5 2 4
1 1 0 2 . 1 6 5 0 0 . 0 1 4 3 0 . 0 1 9 2 0 . 0 2 4 3 0 . 0 2 9 5 0 . 0 3 4 8 0 . 0 4 0 2 0 . 0 4 5 7 0 . 0 5 1 3
1 2 0 2 . 2 0 8 9 0 . 0 1 4 0 0 . 0 1 8 9 0 . 0 2 3 8 0 . 0 2 8 9 0 . 0 3 4 1 0 . 0 3 9 4 0 . 0 4 4 8 0 . 0 5 0 3
1 3 0 2 . 2 5 2 8 0 . 0 1 3 7 0 . 0 1 8 5 0 . 0 2 3 4 0 . 0 2 8 3 0 . 0 3 3 4 0 . 0 3 8 6 0 . 0 4 3 9 0 . 0 4 9 3
1 4 0 2 . 2 9 6 6 0 . 0 1 3 5 0 . 0 1 8 1 0 . 0 2 2 9 0 . 0 2 7 8 0 . 0 3 2 8 0 . 0 3 7 9 0 . 0 4 3 1 0 . 0 4 8 4
1 5 0 2 . 3 4 0 5 0 . 0 1 3 2 0 . 0 1 7 8 0 . 0 2 2 5 0 . 0 2 7 3 0 . 0 3 2 2 0 . 0 3 7 2 0 . 0 4 2 3 0 . 0 4 7 5
1 6 0 2 . 3 8 4 3 0 . 0 1 3 0 0 . 0 1 7 5 0 . 0 2 2 1 0 . 0 2 6 8 0 . 0 3 1 6 0 . 0 3 6 5 0 . 0 4 1 5 0 . 0 4 6 6
1 7 0 2 . 4 2 8 2 0 . 0 1 2 7 0 . 0 1 7 2 0 . 0 2 1 7 0 . 0 2 6 3 0 . 0 3 1 0 0 . 0 3 5 8 0 . 0 4 0 7 0 . 0 4 5 8
1 8 0 2 . 4 7 2 1 0 . 0 1 2 5 0 . 0 1 6 9 0 . 0 2 1 3 0 . 0 2 5 8 0 . 0 3 0 4 0 . 0 3 5 2 0 . 0 4 0 0 0 . 0 4 4 9
1 9 0 2 . 5 1 5 9 0 . 0 1 2 3 0 . 0 1 6 6 0 . 0 2 0 9 0 . 0 2 5 4 0 . 0 2 9 9 0 . 0 3 4 6 0 . 0 3 9 3 0 . 0 4 4 2
2 0 0 2 . 5 5 9 8 0 . 0 1 2 1 0 . 0 1 6 3 0 . 0 2 0 6 0 . 0 2 4 9 0 . 0 2 9 4 0 . 0 3 4 0 0 . 0 3 8 6 0 . 0 4 3 4

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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ct [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f F I C -1 3 I 1  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  1 . 6 8 3  +  0 . 0 0 4 4t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f F I C -1 3 I 1  i n  a i r  at th e  te m p e r atu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 8 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 1 ( p )  FI C - 1 3 I 1  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts ) a

Te m p(t)

( ° C ) c

Specifc
Vap o r

Vo l um e(s)

( m 3 / kg) d

We i gh t Re q ui re m e n ts  o f H az ard  Vo l u m e ,  W/V ( k g/ m 3 )  b

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) e

3 4 5 6 7 8 9 1 0

− 4 0 0 . 0 9 3 8 0 . 3 2 9 7 0 . 4 4 4 2 0 . 5 6 1 1 0 . 6 8 0 5 0 . 8 0 2 4 0 . 9 2 7 0 1 . 0 5 4 4 1 . 1 8 4 6
− 3 0 0 . 0 9 8 8 0 . 3 1 3 0 0 . 4 2 1 7 0 . 5 3 2 7 0 . 6 4 6 1 0 . 7 6 1 8 0 . 8 8 0 1 1 . 0 0 1 0 1 . 1 2 4 6
− 2 0 0 . 1 0 3 8 0 . 2 9 8 0 0 . 4 0 1 4 0 . 5 0 7 0 0 . 6 1 4 9 0 . 7 2 5 1 0 . 8 3 7 7 0 . 9 5 2 8 1 . 0 7 0 4
− 1 0 0 . 1 0 8 8 0 . 2 8 4 3 0 . 3 8 3 0 0 . 4 8 3 7 0 . 5 8 6 7 0 . 6 9 1 8 0 . 7 9 9 2 0 . 9 0 9 0 1 . 0 2 1 2

0 0 . 1 1 3 8 0 . 2 7 1 8 0 . 3 6 6 1 0 . 4 6 2 5 0 . 5 6 0 9 0 . 6 6 1 4 0 . 7 6 4 1 0 . 8 6 9 1 0 . 9 7 6 4
1 0 0 . 1 1 8 8 0 . 2 6 0 3 0 . 3 5 0 7 0 . 4 4 3 0 0 . 5 3 7 3 0 . 6 3 3 6 0 . 7 3 2 0 0 . 8 3 2 5 0 . 9 3 5 3
2 0 0 . 1 2 3 8 0 . 2 4 9 8 0 . 3 3 6 6 0 . 4 2 5 1 0 . 5 1 5 6 0 . 6 0 8 0 0 . 7 0 2 4 0 . 7 9 8 9 0 . 8 9 7 5
3 0 0 . 1 2 8 8 0 . 2 4 0 1 0 . 3 2 3 5 0 . 4 0 8 6 0 . 4 9 5 6 0 . 5 8 4 4 0 . 6 7 5 1 0 . 7 6 7 9 0 . 8 6 2 7
4 0 0 . 1 3 3 8 0 . 2 3 1 1 0 . 3 1 1 4 0 . 3 9 3 4 0 . 4 7 7 1 0 . 5 6 2 5 0 . 6 4 9 9 0 . 7 3 9 2 0 . 8 3 0 4
5 0 0 . 1 3 8 8 0 . 2 2 2 8 0 . 3 0 0 2 0 . 3 7 9 2 0 . 4 5 9 9 0 . 5 4 2 3 0 . 6 2 6 5 0 . 7 1 2 5 0 . 8 0 0 5
6 0 0 . 1 4 3 8 0 . 2 1 5 1 0 . 2 8 9 8 0 . 3 6 6 0 0 . 4 4 3 9 0 . 5 2 3 4 0 . 6 0 4 7 0 . 6 8 7 8 0 . 7 7 2 7
7 0 0 . 1 4 8 8 0 . 2 0 7 8 0 . 2 8 0 0 0 . 3 5 3 7 0 . 4 2 9 0 0 . 5 0 5 8 0 . 5 8 4 4 0 . 6 6 4 7 0 . 7 4 6 7
8 0 0 . 1 5 3 8 0 . 2 0 1 1 0 . 2 7 0 9 0 . 3 4 2 2 0 . 4 1 5 0 0 . 4 8 9 4 0 . 5 6 5 4 0 . 6 4 3 1 0 . 7 2 2 4
9 0 0 . 1 5 8 8 0 . 1 9 4 8 0 . 2 6 2 4 0 . 3 3 1 4 0 . 4 0 2 0 0 . 4 7 4 0 0 . 5 4 7 6 0 . 6 2 2 8 0 . 6 9 9 7

1 0 0 0 . 1 6 3 8 0 . 1 8 8 8 0 . 2 5 4 4 0 . 3 2 1 3 0 . 3 8 9 7 0 . 4 5 9 5 0 . 5 3 0 9 0 . 6 0 3 8 0 . 6 7 8 3
aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
bW/V [ a g e n t we i g h t r e q u i r e m e n ts  ( k g / m 3 ) ]  =  k i l o g r a m s  r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.

W
V

s

C

C
=

−








100

ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f F I C -1 3 I 1  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  0 . 1 1 3 8  +  0 . 0 0 0 5t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f F I C -1 3 I 1  i n  a i r  at th e  te m p e r atu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 8 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Tab l e  A. 7 . 3 . 1 ( q )  H FC  B l e n d  B  To tal  Fl o o d i n g Q u an ti ty Tab l e  ( U . S .  U n i ts ) a

Te m p(t)

( ° F) c

Specifc
Vap o r

Vo l u m e(s)

( ft3 / l b ) d

We i gh t Re q ui re m e n t o f H az ard  Vo l u m e  W/V ( l b / ft3 ) b

C o n c e n trati o n  ( %  b y vo l u m e ) e

8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

− 4 0 2 . 9 6 4 2 0 . 0 2 9 3 0 . 0 3 3 4 0 . 0 3 7 5 0 . 0 4 1 7 0 . 0 4 6 0 0 . 0 5 0 4 0 . 0 5 4 9 0 . 0 5 9 5 0 . 0 6 4 3
− 3 0 3 . 0 3 3 2 0 . 0 2 8 7 0 . 0 3 2 6 0 . 0 3 6 6 0 . 0 4 0 7 0 . 0 4 5 0 0 . 0 4 9 3 0 . 0 5 3 7 0 . 0 5 8 2 0 . 0 6 2 8
− 2 0 3 . 1 0 2 2 0 . 0 2 8 0 0 . 0 3 1 9 0 . 0 3 5 8 0 . 0 3 9 8 0 . 0 4 4 0 0 . 0 4 8 2 0 . 0 5 2 5 0 . 0 5 6 9 0 . 0 6 1 4
− 1 0 3 . 1 7 1 2 0 . 0 2 7 4 0 . 0 3 1 2 0 . 0 3 5 0 0 . 0 3 9 0 0 . 0 4 3 0 0 . 0 4 7 1 0 . 0 5 1 3 0 . 0 5 5 6 0 . 0 6 0 1

0 3 . 2 4 0 2 0 . 0 2 6 8 0 . 0 3 0 5 0 . 0 3 4 3 0 . 0 3 8 1 0 . 0 4 2 1 0 . 0 4 6 1 0 . 0 5 0 2 0 . 0 5 4 5 0 . 0 5 8 8
1 0 3 . 3 0 9 2 0 . 0 2 6 3 0 . 0 2 9 9 0 . 0 3 3 6 0 . 0 3 7 3 0 . 0 4 1 2 0 . 0 4 5 2 0 . 0 4 9 2 0 . 0 5 3 3 0 . 0 5 7 6
2 0 3 . 3 7 8 2 0 . 0 2 5 7 0 . 0 2 9 3 0 . 0 3 2 9 0 . 0 3 6 6 0 . 0 4 0 4 0 . 0 4 4 2 0 . 0 4 8 2 0 . 0 5 2 2 0 . 0 5 6 4
3 0 3 . 4 4 7 2 0 . 0 2 5 2 0 . 0 2 8 7 0 . 0 3 2 2 0 . 0 3 5 9 0 . 0 3 9 6 0 . 0 4 3 3 0 . 0 4 7 2 0 . 0 5 1 2 0 . 0 5 5 3
4 0 3 . 5 1 6 2 0 . 0 2 4 7 0 . 0 2 8 1 0 . 0 3 1 6 0 . 0 3 5 2 0 . 0 3 8 8 0 . 0 4 2 5 0 . 0 4 6 3 0 . 0 5 0 2 0 . 0 5 4 2
5 0 3 . 5 8 5 2 0 . 0 2 4 3 0 . 0 2 7 6 0 . 0 3 1 0 0 . 0 3 4 5 0 . 0 3 8 0 0 . 0 4 1 7 0 . 0 4 5 4 0 . 0 4 9 2 0 . 0 5 3 1
6 0 3 . 6 5 4 2 0 . 0 2 3 8 0 . 0 2 7 1 0 . 0 3 0 4 0 . 0 3 3 8 0 . 0 3 7 3 0 . 0 4 0 9 0 . 0 4 4 5 0 . 0 4 8 3 0 . 0 5 2 1
7 0 3 . 7 2 3 2 0 . 0 2 3 4 0 . 0 2 6 6 0 . 0 2 9 8 0 . 0 3 3 2 0 . 0 3 6 6 0 . 0 4 0 1 0 . 0 4 3 7 0 . 0 4 7 4 0 . 0 5 1 2
8 0 3 . 7 9 2 2 0 . 0 2 2 9 0 . 0 2 6 1 0 . 0 2 9 3 0 . 0 3 2 6 0 . 0 3 6 0 0 . 0 3 9 4 0 . 0 4 2 9 0 . 0 4 6 5 0 . 0 5 0 2
9 0 3 . 8 6 1 2 0 . 0 2 2 5 0 . 0 2 5 6 0 . 0 2 8 8 0 . 0 3 2 0 0 . 0 3 5 3 0 . 0 3 8 7 0 . 0 4 2 2 0 . 0 4 5 7 0 . 0 4 9 3

1 0 0 3 . 9 3 0 2 0 . 0 2 2 1 0 . 0 2 5 2 0 . 0 2 8 3 0 . 0 3 1 4 0 . 0 3 4 7 0 . 0 3 8 0 0 . 0 4 1 4 0 . 0 4 4 9 0 . 0 4 8 5
1 1 0 3 . 9 9 9 2 0 . 0 2 1 7 0 . 0 2 4 7 0 . 0 2 7 8 0 . 0 3 0 9 0 . 0 3 4 1 0 . 0 3 7 4 0 . 0 4 0 7 0 . 0 4 4 1 0 . 0 4 7 6
1 2 0 4 . 0 6 8 2 0 . 0 2 1 4 0 . 0 2 4 3 0 . 0 2 7 3 0 . 0 3 0 4 0 . 0 3 3 5 0 . 0 3 6 7 0 . 0 4 0 0 0 . 0 4 3 4 0 . 0 4 6 8
1 3 0 4 . 1 3 7 2 0 . 0 2 1 0 0 . 0 2 3 9 0 . 0 2 6 9 0 . 0 2 9 9 0 . 0 3 3 0 0 . 0 3 6 1 0 . 0 3 9 3 0 . 0 4 2 7 0 . 0 4 6 0
1 4 0 4 . 2 0 6 2 0 . 0 2 0 7 0 . 0 2 3 5 0 . 0 2 6 4 0 . 0 2 9 4 0 . 0 3 2 4 0 . 0 3 5 5 0 . 0 3 8 7 0 . 0 4 2 0 0 . 0 4 5 3
1 5 0 4 . 2 7 5 2 0 . 0 2 0 3 0 . 0 2 3 1 0 . 0 2 6 0 0 . 0 2 8 9 0 . 0 3 1 9 0 . 0 3 5 0 0 . 0 3 8 1 0 . 0 4 1 3 0 . 0 4 4 6
1 6 0 4 . 3 4 4 2 0 . 0 2 0 0 0 . 0 2 2 8 0 . 0 2 5 6 0 . 0 2 8 5 0 . 0 3 1 4 0 . 0 3 4 4 0 . 0 3 7 5 0 . 0 4 0 6 0 . 0 4 3 8
1 7 0 4 . 4 1 3 2 0 . 0 1 9 7 0 . 0 2 2 4 0 . 0 2 5 2 0 . 0 2 8 0 0 . 0 3 0 9 0 . 0 3 3 9 0 . 0 3 6 9 0 . 0 4 0 0 0 . 0 4 3 2
1 8 0 4 . 4 8 2 2 0 . 0 1 9 4 0 . 0 2 2 1 0 . 0 2 4 8 0 . 0 2 7 6 0 . 0 3 0 4 0 . 0 3 3 3 0 . 0 3 6 3 0 . 0 3 9 4 0 . 0 4 2 5
1 9 0 4 . 5 5 1 2 0 . 0 1 9 1 0 . 0 2 1 7 0 . 0 2 4 4 0 . 0 2 7 2 0 . 0 3 0 0 0 . 0 3 2 8 0 . 0 3 5 8 0 . 0 3 8 8 0 . 0 4 1 9
2 0 0 4 . 6 2 0 2 0 . 0 1 8 8 0 . 0 2 1 4 0 . 0 2 4 0 0 . 0 2 6 8 0 . 0 2 9 5 0 . 0 3 2 3 0 . 0 3 5 2 0 . 0 3 8 2 0 . 0 4 1 2

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
b  W/ V [ ag e n t we i g h t r e q u i r e m e n t ( l b / ft3 ) ]  =  p o u n d s  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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100

ct [ te m p e r a tu r e  ( ° F ) ]  =  th e  d e s i g n  te m p e r atu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H F C  B l e n d  B  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  3 . 2 4 0 2  +  0 . 0 0 6 9t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C  B l e n d  B  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



AN N E X  A 2 0 0 1 - 8 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Tab l e  A. 7 . 3 . 1 ( r)  H FC  B l e n d  B  To tal  Fl o o d i n g Q uan ti ty Tab l e  ( S I  U n i ts ) a

Te m p  (t)

( ° C ) c

Specifc
Vap o r

Vo l um e  (s)

( m 3 / k g) d

We i gh t Re q u i re m e n t o f H az ard  Vo l um e  W/V ( k g/ m 3 ) b

C o n c e n trati o n  ( %  b y vo l u m e ) e

8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

− 4 0 0 . 1 8 1 2 0 . 4 7 9 9 0 . 5 4 5 8 0 . 6 1 3 2 0 . 6 8 2 1 0 . 7 5 2 6 0 . 8 2 4 6 0 . 8 9 8 4 0 . 9 7 3 9 1 . 0 5 1 2
− 3 0 0 . 1 9 0 2 0 . 4 5 7 2 0 . 5 2 0 0 0 . 5 8 4 2 0 . 6 4 9 8 0 . 7 1 6 9 0 . 7 8 5 6 0 . 8 5 5 9 0 . 9 2 7 8 1 . 0 0 1 5
− 2 0 0 . 1 9 9 2 0 . 4 3 6 5 0 . 4 9 6 5 0 . 5 5 7 8 0 . 6 2 0 5 0 . 6 8 4 6 0 . 7 5 0 1 0 . 8 1 7 2 0 . 8 8 5 9 0 . 9 5 6 2
− 1 0 0 . 2 0 8 2 0 . 4 1 7 7 0 . 4 7 5 0 0 . 5 3 3 7 0 . 5 9 3 6 0 . 6 5 5 0 0 . 7 1 7 7 0 . 7 8 1 9 0 . 8 4 7 6 0 . 9 1 4 9

0 0 . 2 1 7 2 0 . 4 0 0 4 0 . 4 5 5 3 0 . 5 1 1 6 0 . 5 6 9 0 0 . 6 2 7 8 0 . 6 8 8 0 0 . 7 4 9 5 0 . 8 1 2 5 0 . 8 7 7 0
1 0 0 . 2 2 6 2 0 . 3 8 4 4 0 . 4 3 7 2 0 . 4 9 1 2 0 . 5 4 6 4 0 . 6 0 2 8 0 . 6 6 0 6 0 . 7 1 9 7 0 . 7 8 0 2 0 . 8 4 2 1
2 0 0 . 2 3 5 2 0 . 3 6 9 7 0 . 4 2 0 5 0 . 4 7 2 4 0 . 5 2 5 5 0 . 5 7 9 8 0 . 6 3 5 3 0 . 6 9 2 1 0 . 7 5 0 3 0 . 8 0 9 8
3 0 0 . 2 4 4 2 0 . 3 5 6 1 0 . 4 0 5 0 0 . 4 5 5 0 0 . 5 0 6 1 0 . 5 5 8 4 0 . 6 1 1 9 0 . 6 6 6 6 0 . 7 2 2 6 0 . 7 8 0 0
4 0 0 . 2 5 3 2 0 . 3 4 3 4 0 . 3 9 0 6 0 . 4 3 8 8 0 . 4 8 8 1 0 . 5 3 8 6 0 . 5 9 0 1 0 . 6 4 2 9 0 . 6 9 7 0 0 . 7 5 2 3
5 0 0 . 2 6 2 2 0 . 3 3 1 6 0 . 3 7 7 2 0 . 4 2 3 8 0 . 4 7 1 4 0 . 5 2 0 1 0 . 5 6 9 9 0 . 6 2 0 9 0 . 6 7 3 0 0 . 7 2 6 5
6 0 0 . 2 7 1 2 0 . 3 2 0 6 0 . 3 6 4 7 0 . 4 0 9 7 0 . 4 5 5 7 0 . 5 0 2 8 0 . 5 5 1 0 0 . 6 0 0 3 0 . 6 5 0 7 0 . 7 0 2 3
7 0 0 . 2 8 0 2 0 . 3 1 0 3 0 . 3 5 3 0 0 . 3 9 6 5 0 . 4 4 1 1 0 . 4 8 6 7 0 . 5 3 3 3 0 . 5 8 1 0 0 . 6 2 9 8 0 . 6 7 9 8
8 0 0 . 2 8 9 2 0 . 3 0 0 7 0 . 3 4 2 0 0 . 3 8 4 2 0 . 4 2 7 4 0 . 4 7 1 5 0 . 5 1 6 7 0 . 5 6 2 9 0 . 6 1 0 2 0 . 6 5 8 6
9 0 0 . 2 9 8 2 0 . 2 9 1 6 0 . 3 3 1 7 0 . 3 7 2 6 0 . 4 1 4 5 0 . 4 5 7 3 0 . 5 0 1 1 0 . 5 4 5 9 0 . 5 9 1 8 0 . 6 3 8 8

1 0 0 0 . 3 0 7 2 0 . 2 8 3 1 0 . 3 2 1 9 0 . 3 6 1 7 0 . 4 0 2 3 0 . 4 4 3 9 0 . 4 8 6 4 0 . 5 2 9 9 0 . 5 7 4 4 0 . 6 2 0 0
1 1 0 0 . 3 1 6 2 0 . 2 7 5 0 0 . 3 1 2 8 0 . 3 5 1 4 0 . 3 9 0 9 0 . 4 3 1 3 0 . 4 7 2 6 0 . 5 1 4 8 0 . 5 5 8 1 0 . 6 0 2 4
1 2 0 0 . 3 2 5 2 0 . 2 6 7 4 0 . 3 0 4 1 0 . 3 4 1 7 0 . 3 8 0 1 0 . 4 1 9 3 0 . 4 5 9 5 0 . 5 0 0 6 0 . 5 4 2 7 0 . 5 8 5 7
1 3 0 0 . 3 3 4 2 0 . 2 6 0 2 0 . 2 9 5 9 0 . 3 3 2 5 0 . 3 6 9 8 0 . 4 0 8 0 0 . 4 4 7 1 0 . 4 8 7 1 0 . 5 2 8 0 0 . 5 6 9 9
1 4 0 0 . 3 4 3 2 0 . 2 5 3 4 0 . 2 8 8 2 0 . 3 2 3 8 0 . 3 6 0 1 0 . 3 9 7 3 0 . 4 3 5 4 0 . 4 7 4 3 0 . 5 1 4 2 0 . 5 5 5 0
1 5 0 0 . 3 5 2 2 0 . 2 4 6 9 0 . 2 8 0 8 0 . 3 1 5 5 0 . 3 5 0 9 0 . 3 8 7 2 0 . 4 2 4 3 0 . 4 6 2 2 0 . 5 0 1 1 0 . 5 4 0 8
1 6 0 0 . 3 6 1 2 0 . 2 4 0 7 0 . 2 7 3 8 0 . 3 0 7 6 0 . 3 4 2 2 0 . 3 7 7 5 0 . 4 1 3 7 0 . 4 5 0 7 0 . 4 8 8 6 0 . 5 2 7 3
1 7 0 0 . 3 7 0 2 0 . 2 3 4 9 0 . 2 6 7 2 0 . 3 0 0 1 0 . 3 3 3 9 0 . 3 6 8 4 0 . 4 0 3 6 0 . 4 3 9 7 0 . 4 7 6 7 0 . 5 1 4 5
1 8 0 0 . 3 7 9 2 0 . 2 2 9 3 0 . 2 6 0 8 0 . 2 9 3 0 0 . 3 2 5 9 0 . 3 5 9 6 0 . 3 9 4 1 0 . 4 2 9 3 0 . 4 6 5 4 0 . 5 0 2 3
1 9 0 0 . 3 8 8 2 0 . 2 2 4 0 0 . 2 5 4 8 0 . 2 8 6 2 0 . 3 1 8 4 0 . 3 5 1 3 0 . 3 8 4 9 0 . 4 1 9 3 0 . 4 5 4 6 0 . 4 9 0 7
2 0 0 0 . 3 9 7 2 0 . 2 1 8 9 0 . 2 4 9 0 0 . 2 7 9 7 0 . 3 1 1 2 0 . 3 4 3 3 0 . 3 7 6 2 0 . 4 0 9 8 0 . 4 4 4 3 0 . 4 7 9 5

aT h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r atu r e  r a n g e  fo r  o p e r a ti o n .
b W/ V [ a g e n t we i g h t r e q u i r e m e n t ( kg / m 3 ) ]  =  ki l o g r am s  o f ag e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at
te m p e r a tu r e  specifed.
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C
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ct [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .
ds [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H F C  B l e n d  B  va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 2 1 7 2  +  0 . 0 0 0 9t,  wh e r e  t =  te m p e r atu r e  ( ° C ) .

eC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr ati o n  o f H F C  B l e n d  B  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 8 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N Tab l e  A. 7 . 3 . 1 ( s )  H B - 5 5  To tal  Fl o o d i n g Q u an ti ty Tab l e  ( U . S .  U n i ts )

 Specifc
Vap o r

Vo l u m e (s)

( ft3 / l b ) b

We i gh t Re q u i re m e n t o f H az ard  Vo l u m e  W/V ( l b / ft3 ) c

Te m p (t)

( ° F) a

C o n c e n trati o n  ( %  b y vo l u m e ) d

4 5 6 7 8 9 1 0

1 0 1 . 7 8 1 9 0 . 0 2 3 3 8 0 . 0 2 9 5 4 0 . 0 3 5 8 2 0 . 0 4 2 2 4 0 . 0 4 8 8 0 0 . 0 5 5 5 0 0 . 0 6 2 3 5
2 0 1 . 8 2 1 6 0 . 0 2 2 8 7 0 . 0 2 8 8 9 0 . 0 3 5 0 4 0 . 0 4 1 3 2 0 . 0 4 7 7 4 0 . 0 5 4 2 9 0 . 0 6 1 0 0
3 0 1 . 8 6 1 2 0 . 0 2 2 3 9 0 . 0 2 8 2 8 0 . 0 3 4 3 0 0 . 0 4 0 4 4 0 . 0 4 6 7 2 0 . 0 5 3 1 4 0 . 0 5 9 7 0
4 0 1 . 9 0 0 8 0 . 0 2 1 9 2 0 . 0 2 7 6 9 0 . 0 3 3 5 8 0 . 0 3 9 6 0 0 . 0 4 5 7 5 0 . 0 5 2 0 3 0 . 0 5 8 4 5
5 0 1 . 9 4 0 5 0 . 0 2 1 4 7 0 . 0 2 7 1 2 0 . 0 3 2 8 9 0 . 0 3 8 7 9 0 . 0 4 4 8 1 0 . 0 5 0 9 7 0 . 0 5 7 2 6
6 0 1 . 9 8 0 1 0 . 0 2 1 0 4 0 . 0 2 6 5 8 0 . 0 3 2 2 4 0 . 0 3 8 0 1 0 . 0 4 3 9 2 0 . 0 4 9 9 5 0 . 0 5 6 1 1
7 0 2 . 0 1 9 7 0 . 0 2 0 6 3 0 . 0 2 6 0 6 0 . 0 3 1 6 0 0 . 0 3 7 2 7 0 . 0 4 3 0 5 0 . 0 4 8 9 7 0 . 0 5 5 0 1
8 0 2 . 0 5 9 3 0 . 0 2 0 2 3 0 . 0 2 5 5 6 0 . 0 3 1 0 0 0 . 0 3 6 5 5 0 . 0 4 2 2 3 0 . 0 4 8 0 3 0 . 0 5 3 9 5
9 0 2 . 0 9 9 0 0 . 0 1 9 8 5 0 . 0 2 5 0 7 0 . 0 3 0 4 1 0 . 0 3 5 8 6 0 . 0 4 1 4 3 0 . 0 4 7 1 2 0 . 0 5 2 9 4

1 0 0 2 . 1 3 8 6 0 . 0 1 9 4 8 0 . 0 2 4 6 1 0 . 0 2 9 8 5 0 . 0 3 5 2 0 0 . 0 4 0 6 6 0 . 0 4 6 2 5 0 . 0 5 1 9 6
1 1 0 2 . 1 7 8 2 0 . 0 1 9 1 3 0 . 0 2 4 1 6 0 . 0 2 9 3 0 0 . 0 3 4 5 6 0 . 0 3 9 9 2 0 . 0 4 5 4 0 0 . 0 5 1 0 1
1 2 0 2 . 2 1 7 9 0 . 0 1 8 7 9 0 . 0 2 3 7 3 0 . 0 2 8 7 8 0 . 0 3 3 9 4 0 . 0 3 9 2 1 0 . 0 4 4 5 9 0 . 0 5 0 1 0
1 3 0 2 . 2 5 7 5 0 . 0 1 8 4 6 0 . 0 2 3 3 1 0 . 0 2 8 2 7 0 . 0 3 3 3 4 0 . 0 3 8 5 2 0 . 0 4 3 8 1 0 . 0 4 9 2 2
1 4 0 2 . 2 9 7 1 0 . 0 1 8 1 4 0 . 0 2 2 9 1 0 . 0 2 7 7 9 0 . 0 3 2 7 7 0 . 0 3 7 8 5 0 . 0 4 3 0 5 0 . 0 4 8 3 7
1 5 0 2 . 3 3 6 8 0 . 0 1 7 8 3 0 . 0 2 2 5 2 0 . 0 2 7 3 2 0 . 0 3 2 2 1 0 . 0 3 7 2 1 0 . 0 4 2 3 2 0 . 0 4 7 5 5
1 6 0 2 . 3 7 6 4 0 . 0 1 7 5 3 0 . 0 2 2 1 5 0 . 0 2 6 8 6 0 . 0 3 1 6 7 0 . 0 3 6 5 9 0 . 0 4 1 6 2 0 . 0 4 6 7 6
1 7 0 2 . 4 1 6 0 0 . 0 1 7 2 5 0 . 0 2 1 7 8 0 . 0 2 6 4 2 0 . 0 3 1 1 5 0 . 0 3 5 9 9 0 . 0 4 0 9 4 0 . 0 4 5 9 9
1 8 0 2 . 4 5 5 6 0 . 0 1 6 9 7 0 . 0 2 1 4 3 0 . 0 2 5 9 9 0 . 0 3 0 6 5 0 . 0 3 5 4 1 0 . 0 4 0 2 8 0 . 0 4 5 2 5
1 9 0 2 . 4 9 5 3 0 . 0 1 6 7 0 . 0 2 1 0 9 0 . 0 2 5 5 8 0 . 0 3 0 1 6 0 . 0 3 4 8 5 0 . 0 3 9 6 4 0 . 0 4 4 5 3
2 0 0 2 . 5 3 4 9 0 . 0 1 6 4 4 0 . 0 2 0 7 6 0 . 0 2 5 1 8 0 . 0 2 9 6 9 0 . 0 3 4 3 0 0 . 0 3 9 0 2 0 . 0 4 3 8 3

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° F ) ]  =  th e  d e s i g n  te m p e r atu r e  i n  th e  h a z a r d  a r e a .
bs [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f H B -5 5  va p o r  c an  b e  a p p r o x i m a te d  b y s =  1 . 7 4 2 3  +  0 . 0 0 3 9 6 3t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .

c  W/ V [ a g e n t we i g h t r e q u i r e m e n t ( l b / ft3 ) ]  =  p o u n d s  o f ag e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.
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dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f H B -5 5  i n  ai r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 8 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

N Tab l e  A. 7 . 3 . 1 ( t)  H B - 5 5  To tal  Fl o o d i n g Q u an ti ty Tab l e  ( S I  U n i ts )

  We i gh t Re q u i re m e n t o f H az ard  Vo l um e  W/V ( k g/ m 3 ) c

Te m p  (t)

( ° C ) a

Specifc  Vap o r
Vo l u m e  (s)

( m 3 / kg) b

C o n c e n trati o n  ( %  b y vo l um e ) d

4 5 6 7 8 9 1 0

-1 0 0 . 1 1 2 2 0 . 3 7 1 3 0 . 4 6 9 0 0 . 5 6 8 8 0 . 6 7 0 7 0 . 7 7 4 8 0 . 8 8 1 3 0 . 9 9 0 1
- 5 0 . 1 1 4 5 0 . 3 6 4 0 0 . 4 5 9 9 0 . 5 5 7 7 0 . 6 5 7 6 0 . 7 5 9 8 0 . 8 6 4 1 0 . 9 7 0 8

0 0 . 1 1 6 7 0 . 3 5 7 1 0 . 4 5 1 1 0 . 5 4 7 0 0 . 6 4 5 1 0 . 7 4 5 3 0 . 8 4 7 6 0 . 9 5 2 3
5 0 . 1 1 8 9 0 . 3 5 0 4 0 . 4 4 2 6 0 . 5 3 6 8 0 . 6 3 3 0 0 . 7 3 1 3 0 . 8 3 1 7 0 . 9 3 4 4

1 0 0 . 1 2 1 1 0 . 3 4 4 0 0 . 4 3 4 5 0 . 5 2 6 9 0 . 6 2 1 4 0 . 7 1 7 8 0 . 8 1 6 4 0 . 9 1 7 2
1 5 0 . 1 2 3 4 0 . 3 3 7 8 0 . 4 2 6 6 0 . 5 1 7 4 0 . 6 1 0 1 0 . 7 0 4 9 0 . 8 0 1 7 0 . 9 0 0 7
2 0 0 . 1 2 5 6 0 . 3 3 1 8 0 . 4 1 9 1 0 . 5 0 8 2 0 . 5 9 9 3 0 . 6 9 2 4 0 . 7 8 7 5 0 . 8 8 4 7
2 5 0 . 1 2 7 8 0 . 3 2 6 0 0 . 4 1 1 8 0 . 4 9 9 4 0 . 5 8 8 9 0 . 6 8 0 3 0 . 7 7 3 8 0 . 8 6 9 3
3 0 0 . 1 3 0 0 0 . 3 2 0 4 0 . 4 0 4 7 0 . 4 9 0 8 0 . 5 7 8 8 0 . 6 6 8 7 0 . 7 6 0 5 0 . 8 5 4 4
3 5 0 . 1 3 2 3 0 . 3 1 5 0 0 . 3 9 7 9 0 . 4 8 2 6 0 . 5 6 9 0 0 . 6 5 7 4 0 . 7 4 7 7 0 . 8 4 0 0
4 0 0 . 1 3 4 5 0 . 3 0 9 8 0 . 3 9 1 3 0 . 4 7 4 6 0 . 5 5 9 6 0 . 6 4 6 5 0 . 7 3 5 3 0 . 8 2 6 1
4 5 0 . 1 3 6 7 0 . 3 0 4 7 0 . 3 8 4 9 0 . 4 6 6 8 0 . 5 5 0 5 0 . 6 3 6 0 0 . 7 2 3 3 0 . 8 1 2 6
5 0 0 . 1 3 9 0 0 . 2 9 9 9 0 . 3 7 8 8 0 . 4 5 9 4 0 . 5 4 1 7 0 . 6 2 5 8 0 . 7 1 1 7 0 . 7 9 9 6
5 5 0 . 1 4 1 2 0 . 2 9 5 1 0 . 3 7 2 8 0 . 4 5 2 1 0 . 5 3 3 1 0 . 6 1 5 9 0 . 7 0 0 5 0 . 7 8 7 0
6 0 0 . 1 4 3 4 0 . 2 9 0 5 0 . 3 6 7 0 0 . 4 4 5 1 0 . 5 2 4 8 0 . 6 0 6 3 0 . 6 8 9 6 0 . 7 7 4 8
6 5 0 . 1 4 5 6 0 . 2 8 6 1 0 . 3 6 1 4 0 . 4 3 8 3 0 . 5 1 6 8 0 . 5 9 7 1 0 . 6 7 9 1 0 . 7 6 2 9
7 0 0 . 1 4 7 9 0 . 2 8 1 8 0 . 3 5 5 9 0 . 4 3 1 7 0 . 5 0 9 0 0 . 5 8 8 1 0 . 6 6 8 9 0 . 7 5 1 4
7 5 0 . 1 5 0 1 0 . 2 7 7 6 0 . 3 5 0 7 0 . 4 2 5 3 0 . 5 0 1 5 0 . 5 7 9 3 0 . 6 5 8 9 0 . 7 4 0 3
8 0 0 . 1 5 2 3 0 . 2 7 3 5 0 . 3 4 5 5 0 . 4 1 9 0 0 . 4 9 4 1 0 . 5 7 0 9 0 . 6 4 9 3 0 . 7 2 9 5
8 5 0 . 1 5 4 5 0 . 2 6 9 6 0 . 3 4 0 6 0 . 4 1 3 0 0 . 4 8 7 0 0 . 5 6 2 6 0 . 6 3 9 9 0 . 7 1 8 9
9 0 0 . 1 5 6 8 0 . 2 6 5 8 0 . 3 3 5 7 0 . 4 0 7 1 0 . 4 8 0 1 0 . 5 5 4 7 0 . 6 3 0 8 0 . 7 0 8 7

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .

bs [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f H B -5 5  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  0 . 1 1 6 7  +  0 . 0 0 0 4 4 5t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .
c W/ V [ ag e n t we i g h t r e q u i r e m e n t ( kg / m 3 ) ]  =  ki l o g r a m s  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t
te m p e r a tu r e  specifed.

W
V

s

C

C
=

−








100

dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f H B -5 5  i n  ai r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 8 6

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ A. 7 . 3 . 2    T h e  vo l u m e  o f i n e r t ga s  c l e a n  a ge n t r e q u i r e d  to
d e ve l o p  a  g i ve n  c o n c e n tr a ti o n  wi l l  b e  gr e a te r  th an  th e  fnal

vo l u m e  r e m a i n i n g  i n  th e  s am e  e n c l o s u r e .  I n  m o s t c a s e s ,  th e
i n e r t g as  c l e an  a ge n t m u s t b e  ap p l i e d  i n  a m an n e r  th at
p r o m o te s  p r o gr e s s i ve  m i x i n g  o f th e  a tm o s p h e r e .  As  th e  c l e a n

a ge n t i s  i n j e c te d ,  th e  d i s p l ac e d  atm o s p h e r e  i s  e x h a u s te d  fr e e l y
fr o m  th e  e n c l o s u r e  th r o u g h  s m al l  o p e n i n gs  o r  th r o u g h  s p e c i al
ve n ts .  S o m e  i n e r t g as  c l e an  ag e n t i s  th e r e fo r e  l o s t wi th  th e

ve n te d  a tm o s p h e r e .  T h i s  l o s s  b e c o m e s  g r e ate r  a t h i gh  c o n c e n ‐
tr a ti o n s .  T h i s  m e th o d  o f ap p l i c a ti o n  i s  c a l l e d  “ fr e e  effux”
fooding.

U n d e r  th e s e  c o n d i ti o n s ,  th e  vo l u m e  o f i n e r t g as  c l e a n  ag e n t
r e q u i r e d  to  d e ve l o p  a g i ve n  c o n c e n tr ati o n  i n  th e  atm o s p h e r e  i s

e x p r e s s e d  b y o n e  o f th e  fo l l o wi n g  e q u ati o n s :

e
x

=

−

1 0 0

1 0 0 %  I G

 
[ A. 7 . 3 . 2 a]

o r

X =

−

2 3 0 3
1 0 0

1 0 0
.

%
 l o g

 I G
1 0

wh e r e :
%  I G = vo l u m e  p e r c e n t o f i n e r t g as

X = vo l u m e  o f i n e r t g as  ad d e d  p e r  vo l u m e  o f s p ac e

Tab l e  A. 7 . 3 . 2 ( a )  th r o u g h  Tab l e  A. 7 . 3 . 2 ( h )  p r o vi d e  th e  q u an ‐
ti ty o f c l e an  ag e n t n e e d e d  to  a c h i e ve  d e s i gn  c o n c e n tr a ti o n .

A. 7 . 3 . 2 . 1    To tal  fooding  q u a n ti ti e s  b as e d  o n  E q u a ti o n s
7 . 3 . 2 . 1 a  a n d  7 . 3 . 2 . 1 b  ar e  gi ve n  i n  Ta b l e  A. 7 . 3 . 2 ( a)  th r o u gh
Ta b l e  A. 7 . 3 . 2 ( h ) .

 
[ A. 7 . 3 . 2 b ]

Δ Tab l e  A. 7 . 3 . 2 ( a)  I G - 0 1  To tal  Fl o o d i n g Q u an ti ty ( U S  U n i ts )

Te m p  (t)

( ° F) a

Specifc
Vap o r

Vo l u m e  (s)

( ft3 / l b ) b

Vo l u m e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l um e  o f H az ard  (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 7 4 0 4 2 4 7 4 9 5 8 6 2

− 4 0 7 . 7 7 4 0 . 5 2 4 3 0 . 5 8 3 0 0 . 6 4 4 5 0 . 6 8 7 3 0 . 8 0 1 1 0 . 8 4 9 6 1 . 0 9 4 6 1 . 2 2 0 9
− 3 0 7 . 9 5 9 0 . 5 1 2 1 0 . 5 6 9 4 0 . 6 2 9 6 0 . 6 7 1 3 0 . 7 8 2 5 0 . 8 2 9 9 1 . 0 6 9 1 1 . 1 9 2 5
− 2 0 8 . 1 4 4 0 . 5 0 0 5 0 . 5 5 6 5 0 . 6 1 5 3 0 . 6 5 6 1 0 . 7 6 4 7 0 . 8 1 1 0 1 . 0 4 4 9 1 . 1 6 5 4
− 1 0 8 . 3 2 9 0 . 4 8 9 3 0 . 5 4 4 1 0 . 6 0 1 6 0 . 6 4 1 5 0 . 7 4 7 7 0 . 7 9 3 0 1 . 0 2 1 6 1 . 1 3 9 5

0 8 . 5 1 4 0 . 4 7 8 7 0 . 5 3 2 3 0 . 5 8 8 5 0 . 6 2 7 6 0 . 7 3 1 4 0 . 7 7 5 8 0 . 9 9 9 4 1 . 1 1 4 8
1 0 8 . 6 9 9 0 . 4 6 8 5 0 . 5 2 1 0 0 . 5 7 6 0 0 . 6 1 4 2 0 . 7 1 5 9 0 . 7 5 9 3 0 . 9 7 8 2 1 . 0 9 1 0
2 0 8 . 8 8 4 0 . 4 5 8 8 0 . 5 1 0 1 0 . 5 6 4 0 0 . 6 0 1 4 0 . 7 0 1 0 0 . 7 4 3 5 0 . 9 5 7 8 1 . 0 6 8 3
3 0 9 . 0 6 9 0 . 4 4 9 4 0 . 4 9 9 7 0 . 5 5 2 5 0 . 5 8 9 2 0 . 6 8 6 7 0 . 7 2 8 3 0 . 9 3 8 3 1 . 0 4 6 5
4 0 9 . 2 5 4 0 . 4 4 0 4 0 . 4 8 9 7 0 . 5 4 1 5 0 . 5 7 7 4 0 . 6 7 3 0 0 . 7 1 3 7 0 . 9 1 9 5 1 . 0 2 5 6
5 0 9 . 4 3 9 0 . 4 3 1 8 0 . 4 8 0 1 0 . 5 3 0 8 0 . 5 6 6 1 0 . 6 5 9 8 0 . 6 9 9 7 0 . 9 0 1 5 1 . 0 0 5 5
6 0 9 . 6 2 4 0 . 4 2 3 5 0 . 4 7 0 9 0 . 5 2 0 6 0 . 5 5 5 2 0 . 6 4 7 1 0 . 6 8 6 3 0 . 8 8 4 2 0 . 9 8 6 2
7 0 9 . 8 0 9 0 . 4 1 5 5 0 . 4 6 2 0 0 . 5 1 0 8 0 . 5 4 4 7 0 . 6 3 4 9 0 . 6 7 3 3 0 . 8 6 7 5 0 . 9 6 7 6
8 0 9 . 9 9 4 0 . 4 0 7 8 0 . 4 5 3 5 0 . 5 0 1 4 0 . 5 3 4 6 0 . 6 2 3 1 0 . 6 6 0 9 0 . 8 5 1 4 0 . 9 4 9 7
9 0 1 0 . 1 7 9 0 . 4 0 0 4 0 . 4 4 5 2 0 . 4 9 2 3 0 . 5 2 4 9 0 . 6 1 1 8 0 . 6 4 8 9 0 . 8 3 6 0 0 . 9 3 2 4

1 0 0 1 0 . 3 6 4 0 . 3 9 3 3 0 . 4 3 7 3 0 . 4 8 3 5 0 . 5 1 5 6 0 . 6 0 0 9 0 . 6 3 7 3 0 . 8 2 1 0 0 . 9 1 5 8
1 1 0 1 0 . 5 4 9 0 . 3 8 6 4 0 . 4 2 9 6 0 . 4 7 5 0 0 . 5 0 6 5 0 . 5 9 0 3 0 . 6 2 6 1 0 . 8 0 6 6 0 . 8 9 9 7
1 2 0 1 0 . 7 3 4 0 . 3 7 9 7 0 . 4 2 2 2 0 . 4 6 6 8 0 . 4 9 7 8 0 . 5 8 0 2 0 . 6 1 5 3 0 . 7 9 2 7 0 . 8 8 4 2
1 3 0 1 0 . 9 1 9 0 . 3 7 3 3 0 . 4 1 5 1 0 . 4 5 8 9 0 . 4 8 9 4 0 . 5 7 0 3 0 . 6 0 4 9 0 . 7 7 9 3 0 . 8 6 9 2
1 4 0 1 1 . 1 0 4 0 . 3 6 7 1 0 . 4 0 8 2 0 . 4 5 1 3 0 . 4 8 1 2 0 . 5 6 0 8 0 . 5 9 4 8 0 . 7 6 6 3 0 . 8 5 4 7
1 5 0 1 1 . 2 8 9 0 . 3 6 1 0 0 . 4 0 1 5 0 . 4 4 3 9 0 . 4 7 3 3 0 . 5 5 1 6 0 . 5 8 5 1 0 . 7 5 3 8 0 . 8 4 0 7
1 6 0 1 1 . 4 7 4 0 . 3 5 5 2 0 . 3 9 5 0 0 . 4 3 6 7 0 . 4 6 5 7 0 . 5 4 2 8 0 . 5 7 5 6 0 . 7 4 1 6 0 . 8 2 7 2
1 7 0 1 1 . 6 5 9 0 . 3 4 9 6 0 . 3 8 8 7 0 . 4 2 9 8 0 . 4 5 8 3 0 . 5 3 4 1 0 . 5 6 6 5 0 . 7 2 9 8 0 . 8 1 4 1
1 8 0 1 1 . 8 4 4 0 . 3 4 4 1 0 . 3 8 2 6 0 . 4 2 3 1 0 . 4 5 1 1 0 . 5 2 5 8 0 . 5 5 7 7 0 . 7 1 8 4 0 . 8 0 1 3
1 9 0 1 2 . 0 2 9 0 . 3 3 8 8 0 . 3 7 6 8 0 . 4 1 6 6 0 . 4 4 4 2 0 . 5 1 7 7 0 . 5 4 9 1 0 . 7 0 7 4 0 . 7 8 9 0
2 0 0 1 2 . 2 1 4 0 . 3 3 3 7 0 . 3 7 1 1 0 . 4 1 0 2 0 . 4 3 7 5 0 . 5 0 9 9 0 . 5 4 0 8 0 . 6 9 6 7 0 . 7 7 7 1

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
bs [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f I G-0 1  vap o r  c a n  b e  ap p r o x i m a te d  b y s =  8 . 5 1 4  +  0 . 0 1 8 5t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( ft3 / ft3 ) ]  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f i n e r t g as  ag e n t a t 7 0 ° F  a n d  1 4 . 7  p s i  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 0 1  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



AN N E X  A 2 0 0 1 - 8 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 2 ( b )  I G - 0 1  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts )

Te m p  (t)

( ° C ) a

Specifc
Vap o r

Vo l u m e  (s)

( m 3 / kg) b

Vo l um e  Re q ui re m e n ts  o f Age n t p e r U n i t Vo l u m e  o f H az ard (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 7 4 0 4 2 4 7 4 9 5 8 6 2

− 4 0 0 . 4 8 5 3 0 . 5 2 4 2 0 . 5 8 2 8 0 . 6 4 4 4 0 . 6 8 7 1 0 . 8 0 0 9 0 . 8 4 9 4 1 . 0 9 4 3 1 . 2 2 0 6
− 3 0 0 . 5 0 6 1 0 . 5 0 2 6 0 . 5 5 8 9 0 . 6 1 7 9 0 . 6 5 8 9 0 . 7 6 8 0 0 . 8 1 4 5 1 . 0 4 9 3 1 . 1 7 0 4
− 2 0 0 . 5 2 6 9 0 . 4 8 2 8 0 . 5 3 6 8 0 . 5 9 3 5 0 . 6 3 2 9 0 . 7 3 7 6 0 . 7 8 2 3 1 . 0 0 7 9 1 . 1 2 4 2
− 1 0 0 . 5 4 7 7 0 . 4 6 4 4 0 . 5 1 6 4 0 . 5 7 1 0 0 . 6 0 8 9 0 . 7 0 9 6 0 . 7 5 2 6 0 . 9 6 9 6 1 . 0 8 1 5

0 0 . 5 6 8 5 0 . 4 4 7 4 0 . 4 9 7 5 0 . 5 5 0 1 0 . 5 8 6 6 0 . 6 8 3 7 0 . 7 2 5 1 0 . 9 3 4 2 1 . 0 4 1 9
1 0 0 . 5 8 9 3 0 . 4 3 1 6 0 . 4 8 0 0 0 . 5 3 0 7 0 . 5 6 5 9 0 . 6 5 9 5 0 . 6 9 9 5 0 . 9 0 1 2 1 . 0 0 5 2
2 0 0 . 6 1 0 1 0 . 4 1 6 9 0 . 4 6 3 6 0 . 5 1 2 6 0 . 5 4 6 6 0 . 6 3 7 0 0 . 6 7 5 6 0 . 8 7 0 5 0 . 9 7 0 9
3 0 0 . 6 3 0 9 0 . 4 0 3 2 0 . 4 4 8 3 0 . 4 9 5 7 0 . 5 2 8 6 0 . 6 1 6 0 . 6 5 3 4 0 . 8 4 1 8 0 . 9 3 8 9
4 0 0 . 6 5 1 7 0 . 3 9 0 3 0 . 4 3 4 0 0 . 4 7 9 8 0 . 5 1 1 7 0 . 5 9 6 4 0 . 6 3 2 5 0 . 8 1 4 9 0 . 9 0 8 9
5 0 0 . 6 7 2 5 0 . 3 7 8 2 0 . 4 2 0 6 0 . 4 6 5 0 0 . 4 9 5 9 0 . 5 7 7 9 0 . 6 1 2 9 0 . 7 8 9 7 0 . 8 8 0 8
6 0 0 . 6 9 3 3 0 . 3 6 6 9 0 . 4 0 8 0 0 . 4 5 1 1 0 . 4 8 1 0 0 . 5 6 0 6 0 . 5 9 4 6 0 . 7 6 6 0 0 . 8 5 4 4
7 0 0 . 7 1 4 1 0 . 3 5 6 2 0 . 3 9 6 1 0 . 4 3 7 9 0 . 4 6 7 0 0 . 5 4 4 3 0 . 5 7 7 2 0 . 7 4 3 7 0 . 8 2 9 5
8 0 0 . 7 3 4 9 0 . 3 4 6 1 0 . 3 8 4 9 0 . 4 2 5 5 0 . 4 5 3 8 0 . 5 2 8 9 0 . 5 6 0 9 0 . 7 2 2 6 0 . 8 0 6 0
9 0 0 . 7 5 5 7 0 . 3 3 6 6 0 . 3 7 4 3 0 . 4 1 3 8 0 . 4 4 1 3 0 . 5 1 4 3 0 . 5 4 5 5 0 . 7 0 2 7 0 . 7 8 3 8

1 0 0 0 . 7 7 6 5 0 . 3 2 7 6 0 . 3 6 4 3 0 . 4 0 2 7 0 . 4 2 9 5 0 . 5 0 0 5 0 . 5 3 0 9 0 . 6 8 3 9 0 . 7 6 2 8
1 1 0 0 . 7 9 7 3 0 . 3 1 9 0 0 . 3 5 4 8 0 . 3 9 2 2 0 . 4 1 8 3 0 . 4 8 7 5 0 . 5 1 7 0 0 . 6 6 6 1 0 . 7 4 2 9
1 2 0 0 . 8 1 8 1 0 . 3 1 0 9 0 . 3 4 5 7 0 . 3 8 2 2 0 . 4 0 7 6 0 . 4 7 5 1 0 . 5 0 3 9 0 . 6 4 9 1 0 . 7 2 4 0

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .

bs [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f I G- 0 1  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  0 . 5 6 8 5  +  0 . 0 0 2 0 8t,  wh e r e  t =  te m p e r atu r e  ( ° C ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( m 3 / m 3 ) ]  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( m 3 / k g ) ]  =  specifc  vo l u m e  o f i n e r t g a s  ag e n t a t 2 1 ° C  a n d  1 . 0 1 3  b ar  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 0 1  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 8 8

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 2 ( c )  I G - 1 0 0  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts )

Te m p  (t)

( ° F) a

Specifc
Vap o r

Vo l u m e  (s)

( ft3 / l b ) b

Vo l u m e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l um e  o f H az ard  (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l um e ) d

3 4 3 7 4 0 4 2 4 7 4 9 5 8 6 2

− 4 0 1 0 . 9 3 0 . 5 2 4 5 0 . 5 8 3 2 0 . 6 4 4 8 0 . 6 8 7 5 0 . 8 0 1 3 0 . 8 4 9 9 1 . 0 9 4 9 1 . 2 2 1 3
− 3 0 1 1 . 1 9 0 . 5 1 2 2 0 . 5 6 9 6 0 . 6 2 9 7 0 . 6 7 1 5 0 . 7 8 2 7 0 . 8 3 0 1 1 . 0 6 9 5 1 . 1 9 2 8
− 2 0 1 1 . 4 5 0 . 5 0 0 6 0 . 5 5 6 6 0 . 6 1 5 4 0 . 6 5 6 3 0 . 7 6 4 9 0 . 8 1 1 2 1 . 0 4 5 1 1 . 1 6 5 7
− 1 0 1 1 . 7 2 0 . 4 8 9 5 0 . 5 4 4 3 0 . 6 0 1 7 0 . 6 4 1 7 0 . 7 4 7 9 0 . 7 9 3 2 1 . 0 2 1 9 1 . 1 3 9 8

0 1 1 . 9 8 0 . 4 7 8 8 0 . 5 3 2 4 0 . 5 8 8 6 0 . 6 2 7 7 0 . 7 3 1 6 0 . 7 7 5 9 0 . 9 9 9 6 1 . 1 1 5 0
1 0 1 2 . 2 4 0 . 4 6 8 6 0 . 5 2 1 1 0 . 5 7 6 1 0 . 6 1 4 3 0 . 7 1 6 0 0 . 7 5 9 4 0 . 9 7 8 4 1 . 0 9 1 2
2 0 1 2 . 5 0 0 . 4 5 8 8 0 . 5 1 0 2 0 . 5 6 4 1 0 . 6 0 1 5 0 . 7 0 1 1 0 . 7 4 3 5 0 . 9 5 7 9 1 . 0 6 8 5
3 0 1 2 . 7 6 0 . 4 4 9 5 0 . 4 9 9 8 0 . 5 5 2 6 0 . 5 8 9 2 0 . 6 8 6 8 0 . 7 2 8 4 0 . 9 3 8 4 1 . 0 4 6 6
4 0 1 3 . 0 2 0 . 4 4 0 5 0 . 4 8 9 8 0 . 5 4 1 5 0 . 5 7 7 4 0 . 6 7 3 0 0 . 7 1 3 8 0 . 9 1 9 6 1 . 0 2 5 7
5 0 1 3 . 2 8 0 . 4 3 1 8 0 . 4 8 0 2 0 . 5 3 0 9 0 . 5 6 6 1 0 . 6 5 9 8 0 . 6 9 9 8 0 . 9 0 1 5 1 . 0 0 5 6
6 0 1 3 . 5 4 0 . 4 2 3 5 0 . 4 7 0 9 0 . 5 2 0 7 0 . 5 5 5 2 0 . 6 4 7 1 0 . 6 4 7 1 0 . 8 8 4 2 0 . 9 8 6 2
7 0 1 3 . 8 0 0 . 4 1 5 5 0 . 4 6 2 0 0 . 5 1 0 8 0 . 5 4 4 7 0 . 6 3 4 9 0 . 6 7 3 3 0 . 8 6 7 5 0 . 9 6 7 6
8 0 1 4 . 0 6 0 . 4 0 7 8 0 . 4 5 3 5 0 . 5 0 1 4 0 . 5 3 4 6 0 . 6 2 3 1 0 . 6 6 0 9 0 . 8 5 1 4 0 . 9 4 9 7
9 0 1 4 . 3 2 0 . 4 0 0 4 0 . 4 4 5 2 0 . 4 9 2 2 0 . 5 2 4 9 0 . 6 1 1 8 0 . 6 4 8 8 0 . 8 3 5 9 0 . 9 3 2 4

1 0 0 1 4 . 5 8 0 . 3 9 3 2 0 . 4 3 7 3 0 . 4 8 3 4 0 . 5 1 5 5 0 . 6 0 0 8 0 . 6 3 7 2 0 . 8 2 1 0 0 . 9 1 5 7
1 1 0 1 4 . 8 4 0 . 3 8 6 3 0 . 4 2 9 6 0 . 4 7 5 0 0 . 5 0 6 5 0 . 5 9 0 3 0 . 6 2 6 1 0 . 8 0 6 6 0 . 8 9 9 6
1 2 0 1 5 . 1 0 0 . 3 8 6 3 0 . 4 2 9 6 0 . 4 7 5 0 0 . 5 0 6 5 0 . 5 9 0 3 0 . 6 2 6 1 0 . 8 0 6 6 0 . 8 9 9 6
1 3 0 1 5 . 3 6 0 . 3 7 3 2 0 . 4 1 5 0 0 . 4 5 8 8 0 . 4 8 9 3 0 . 5 7 0 3 0 . 6 0 4 8 0 . 7 7 9 2 0 . 8 6 9 1
1 4 0 1 5 . 6 2 0 . 3 6 7 0 0 . 4 0 8 1 0 . 4 5 1 2 0 . 4 8 1 1 0 . 5 6 0 8 0 . 5 9 4 7 0 . 7 6 6 2 0 . 8 5 4 6
1 5 0 1 5 . 8 9 0 . 3 6 1 0 0 . 4 0 1 4 0 . 4 4 3 8 0 . 4 7 3 2 0 . 5 5 1 6 0 . 5 8 5 0 0 . 7 5 3 6 0 . 8 4 0 6
1 6 0 1 6 . 1 5 0 . 3 5 5 2 0 . 3 9 4 9 0 . 4 3 6 6 0 . 4 6 5 6 0 . 5 4 2 7 0 . 5 7 5 5 0 . 7 4 1 5 0 . 8 2 7 0
1 7 0 1 6 . 4 1 0 . 3 4 9 5 0 . 3 8 8 6 0 . 4 2 9 7 0 . 4 5 8 2 0 . 5 3 4 0 0 . 5 6 6 4 0 . 7 2 9 7 0 . 8 1 3 9
1 8 0 1 6 . 6 7 0 . 3 4 4 0 0 . 3 8 2 6 0 . 4 2 3 0 0 . 4 5 1 0 0 . 5 2 5 7 0 . 5 5 7 5 0 . 7 1 8 3 0 . 8 0 1 2
1 9 0 1 6 . 9 3 0 . 3 3 8 8 0 . 3 7 6 7 0 . 4 1 6 5 0 . 4 4 4 1 0 . 5 1 7 6 0 . 5 4 8 9 0 . 7 0 7 2 0 . 7 8 8 8
2 0 0 1 7 . 1 9 0 . 3 3 3 6 0 . 3 7 1 0 0 . 4 1 0 1 0 . 4 3 7 4 0 . 5 0 9 7 0 . 5 4 0 6 0 . 6 9 6 5 0 . 7 7 6 9

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
bs [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f I G-1 0 0  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  1 1 . 9 7 6  +  0 . 0 2 6 0 6t,  wh e r e  t =  te m p e r atu r e  ( ° F ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( ft3 / ft3 ) ]  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr ati o n  at

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f i n e r t g as  ag e n t a t 7 0 ° F  a n d  1 4 . 7  p s i  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 1 0 0  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 8 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 2 ( d )  I G - 1 0 0  To tal  Fl o o d i n g Q uan ti ty ( S I  U n i ts )

Te m p  (t)

( ° C ) a

Specifc
Vap o r

Vo l u m e  (s)

( m 3 / k g) b

Vo l u m e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l u m e  o f H az ard  (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 7 4 0 4 2 4 7 4 9 5 8 6 2

− 4 0 0 . 6 8 2 5 0 . 5 2 4 3 0 . 5 8 3 0 0 . 6 4 4 6 0 . 6 8 7 4 0 . 8 0 1 1 0 . 8 4 9 7 1 . 0 9 4 7 1 . 2 2 1 0
− 3 0 0 . 7 1 1 8 0 . 5 0 2 7 0 . 5 5 9 0 0 . 6 1 8 1 0 . 6 5 9 1 0 . 7 6 8 2 0 . 8 1 4 7 1 . 0 4 9 6 1 . 1 7 0 7
− 2 0 0 . 7 4 1 1 0 . 4 8 2 9 0 . 5 3 6 0 . 5 9 3 6 0 . 6 3 3 0 0 . 7 3 7 8 0 . 7 8 2 5 1 . 0 0 8 1 1 . 1 2 4 4
− 1 0 0 . 7 7 0 4 0 . 4 6 4 5 0 . 5 1 6 5 0 . 5 7 1 1 0 . 6 0 9 0 0 . 7 0 9 7 0 . 7 5 2 7 0 . 9 6 9 8 1 . 0 8 1 7

0 0 . 7 9 9 7 0 . 4 4 7 5 0 . 4 9 7 6 0 . 5 5 0 1 0 . 5 8 6 6 0 . 6 8 3 7 0 . 7 2 5 2 0 . 9 3 4 2 1 . 0 4 2 0
1 0 0 . 8 2 9 0 0 . 4 3 1 7 0 . 4 8 0 0 0 . 5 3 0 7 0 . 5 6 5 9 0 . 6 5 9 6 0 . 6 9 9 5 0 . 9 0 1 2 1 . 0 0 5 2
2 0 0 . 8 5 8 3 0 . 4 1 6 9 0 . 4 6 3 6 0 . 5 1 2 6 0 . 5 4 6 6 0 . 6 3 7 0 0 . 6 7 5 6 0 . 8 7 0 5 0 . 9 7 0 9
3 0 0 . 8 8 7 6 0 . 4 0 3 2 0 . 4 4 8 3 0 . 4 9 5 6 0 . 5 2 8 5 0 . 6 1 6 0 0 . 6 5 3 3 0 . 8 4 1 7 0 . 9 3 8 8
4 0 0 . 9 1 6 9 0 . 3 9 0 3 0 . 4 3 4 0 0 . 4 7 9 8 0 . 5 1 1 7 0 . 5 9 6 3 0 . 6 3 2 5 0 . 8 1 4 8 0 . 9 0 8 8
5 0 0 . 9 4 6 2 0 . 3 7 8 2 0 . 3 7 8 2 0 . 4 6 5 0 0 . 4 9 5 8 0 . 5 7 7 9 0 . 6 1 2 9 0 . 7 8 9 6 0 . 8 8 0 7
6 0 0 . 9 7 5 5 0 . 3 6 6 8 0 . 4 0 7 9 0 . 4 5 1 0 0 . 4 8 0 9 0 . 5 6 0 5 0 . 5 9 4 5 0 . 7 6 5 9 0 . 8 5 4 2
7 0 1 . 0 0 4 8 0 . 3 5 6 1 0 . 3 9 6 0 0 . 4 3 7 8 0 . 4 6 6 9 0 . 5 4 4 2 0 . 5 7 7 1 0 . 7 4 3 5 0 . 8 2 9 3
8 0 1 . 0 3 4 1 0 . 3 4 6 1 0 . 3 8 4 8 0 . 4 2 5 4 0 . 4 5 3 7 0 . 5 2 8 7 0 . 5 6 0 8 0 . 7 2 2 5 0 . 8 0 5 8
9 0 1 . 0 6 3 4 0 . 3 3 6 5 0 . 3 7 4 2 0 . 4 1 3 7 0 . 4 4 1 2 0 . 5 1 4 2 0 . 5 4 5 3 0 . 7 0 2 6 0 . 7 8 3 6

1 0 0 1 . 0 9 2 7 0 . 3 2 7 5 0 . 3 6 4 2 0 . 4 0 2 6 0 . 4 2 9 3 0 . 5 0 0 4 0 . 5 3 0 7 0 . 6 8 3 7 0 . 7 6 2 6

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .

bs [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f I G- 1 0 0  va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 7 9 9 7  +  0 . 0 0 2 9 3t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( m 3 / m 3 ) ]  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( m 3 / k g ) ]  =  specifc  vo l u m e  o f i n e r t g a s  ag e n t a t 2 1 ° C  a n d  1 . 0 1 3  b ar  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 1 0 0  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 9 0

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 2 ( e )  I G - 5 4 1  To tal  Fl o o d i n g Q u an ti ty ( U . S .  U n i ts )

Te m p  (t)

( ° F) a

Specifc
Vap o r

Vo l u m e  (s)

( ft3 / l b ) b

Vo l um e  Re q ui re m e n ts  o f Age n t p e r U n i t Vo l u m e  o f H az ard (Vage n t/Ve nc l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l um e ) d

3 4 3 8 4 2 4 6 5 0 5 4 5 8 6 2

− 4 0 9 . 0 0 0 . 5 2 4 3 0 . 6 0 3 0 . 6 8 7 4 0 . 7 7 7 6 0 . 8 7 4 7 0 . 9 7 9 9 1 . 0 9 4 7 1 . 2 2 1 0
− 3 0 9 . 2 2 0 . 5 1 2 1 0 . 5 8 9 2 0 . 6 7 1 4 0 . 7 5 9 5 0 . 8 5 4 3 0 . 9 5 7 1 1 . 0 6 9 2 1 . 1 9 2 6
− 2 0 9 . 4 3 0 . 5 0 0 5 0 . 5 7 5 8 0 . 6 5 6 1 0 . 7 4 2 2 0 . 8 3 4 9 0 . 9 3 5 4 1 . 0 4 4 9 1 . 1 6 5 5
− 1 0 9 . 6 4 0 . 4 8 9 4 0 . 5 6 3 0 0 . 6 4 1 6 0 . 7 2 5 7 0 . 8 1 6 4 0 . 9 1 4 6 1 . 0 2 1 7 1 . 1 3 9 6

0 9 . 8 6 0 . 4 7 8 7 0 . 5 5 0 8 0 . 6 2 7 6 0 . 7 1 0 0 0 . 7 9 8 6 0 . 8 9 4 7 0 . 9 9 9 5 1 . 1 1 4 8
1 0 1 0 . 0 7 0 . 4 6 8 6 0 . 5 3 9 1 0 . 6 1 4 3 0 . 6 9 4 8 0 . 7 8 1 6 0 . 8 7 5 7 0 . 9 7 8 2 1 . 0 9 1 1
2 0 1 0 . 2 9 0 . 4 5 8 8 0 . 5 2 7 8 0 . 6 0 1 5 0 . 6 8 0 4 0 . 7 6 5 3 0 . 8 5 7 4 0 . 9 5 7 9 1 . 0 6 8 4
3 0 1 0 . 5 0 0 . 4 4 9 4 0 . 5 1 7 1 0 . 5 8 9 2 0 . 6 6 6 5 0 . 7 4 9 7 0 . 8 3 9 9 0 . 9 3 8 3 1 . 0 4 6 6
4 0 1 0 . 7 2 0 . 4 4 0 4 0 . 5 0 6 7 0 . 5 7 7 4 0 . 6 5 3 2 0 . 7 3 4 7 0 . 8 2 3 1 0 . 9 1 9 6 1 . 0 2 5 6
5 0 1 0 . 9 3 0 . 4 3 1 8 0 . 4 9 6 8 0 . 5 6 6 1 0 . 6 4 0 4 0 . 7 2 0 3 0 . 8 0 7 0 0 . 9 0 1 5 1 . 0 0 5 5
6 0 1 1 . 1 4 0 . 4 2 3 5 0 . 4 8 7 2 0 . 5 5 5 2 0 . 6 2 8 0 0 . 7 0 6 5 0 . 7 9 1 5 0 . 8 8 4 2 0 . 9 8 6 2
7 0 1 1 . 3 6 0 . 4 1 5 5 0 . 4 7 8 0 0 . 5 4 4 7 0 . 6 1 6 2 0 . 6 9 3 1 0 . 7 7 6 5 0 . 8 6 7 5 0 . 9 6 7 6
8 0 1 1 . 5 7 0 . 4 0 7 8 0 . 4 6 9 2 0 . 5 3 4 6 0 . 6 0 4 8 0 . 6 8 0 3 0 . 7 6 2 1 0 . 8 5 1 4 0 . 9 4 9 7
9 0 1 1 . 7 9 0 . 4 0 0 4 0 . 4 6 0 7 0 . 5 2 4 9 0 . 5 9 3 8 0 . 6 6 7 9 0 . 7 4 8 3 0 . 8 3 6 0 0 . 9 3 2 4

1 0 0 1 2 . 0 0 0 . 3 9 3 3 0 . 4 5 2 4 0 . 5 1 5 5 0 . 5 8 3 2 0 . 6 5 6 0 0 . 7 3 4 9 0 . 8 2 1 0 0 . 9 1 5 7
1 1 0 1 2 . 2 2 0 . 3 8 6 4 0 . 4 4 4 5 0 . 5 0 6 5 0 . 5 7 2 9 0 . 6 4 4 5 0 . 7 2 2 0 0 . 8 0 6 6 0 . 8 9 9 7
1 2 0 1 2 . 4 3 0 . 3 7 9 7 0 . 4 3 6 8 0 . 4 9 7 8 0 . 5 6 3 1 0 . 6 3 3 4 0 . 7 0 9 6 0 . 7 9 2 7 0 . 8 8 4 2
1 3 0 1 2 . 6 4 0 . 3 7 3 3 0 . 4 2 9 4 0 . 4 8 9 3 0 . 5 5 3 5 0 . 6 2 2 7 0 . 6 9 7 6 0 . 7 7 9 3 0 . 8 6 9 2
1 4 0 1 2 . 8 6 0 . 3 6 7 0 0 . 4 2 2 3 0 . 4 8 1 2 0 . 5 4 4 3 0 . 6 1 2 3 0 . 6 8 5 9 0 . 7 6 6 3 0 . 8 5 4 7
1 5 0 1 3 . 0 7 0 . 3 6 1 0 0 . 4 1 5 3 0 . 4 7 3 3 0 . 5 3 5 4 0 . 6 0 2 2 0 . 6 7 4 7 0 . 7 5 3 7 0 . 8 4 0 7
1 6 0 1 3 . 2 9 0 . 3 5 5 2 0 . 4 0 8 6 0 . 4 6 5 7 0 . 5 2 6 7 0 . 5 9 2 5 0 . 6 6 3 8 0 . 7 4 1 6 0 . 8 2 7 1
1 7 0 1 3 . 5 0 0 . 3 4 9 6 0 . 4 0 2 2 0 . 4 5 8 3 0 . 5 1 8 4 0 . 5 8 3 1 0 . 6 5 3 3 0 . 7 2 9 8 0 . 8 1 4 0
1 8 0 1 3 . 7 2 0 . 3 4 4 1 0 . 3 9 5 9 0 . 4 5 1 1 0 . 5 1 0 3 0 . 5 7 4 0 0 . 6 4 3 1 0 . 7 1 8 4 0 . 8 0 1 3
1 9 0 1 3 . 9 3 0 . 3 3 8 8 0 . 3 8 9 8 0 . 4 4 4 2 0 . 5 0 2 4 0 . 5 6 5 2 0 . 6 3 3 2 0 . 7 0 7 3 0 . 7 8 9 0
2 0 0 1 4 . 1 4 0 . 3 3 3 7 0 . 3 8 3 9 0 . 4 3 7 4 0 . 4 9 4 8 0 . 5 5 6 6 0 . 6 2 3 6 0 . 6 9 6 6 0 . 7 7 7 0

N o te :  T h e  m a n u fac tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .
bs [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f I G-5 4 1  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  9 . 8 5 7 9  +  0 . 0 2 1 4 3t,  wh e r e  t =  te m p e r atu r e  ( ° F ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( ft3 / ft3 )  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f i n e r t g as  ag e n t a t 7 0 ° F  a n d  1 4 . 7  p s i  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 5 4 1  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



AN N E X  A 2 0 0 1 - 9 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 2 ( f)  I G - 5 4 1  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts )

Te m p  (t)

( ° C ) a

Specifc
Vap o r

Vo l u m e  (s)

( m 3 / k g) b

Vo l um e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l u m e  o f H az ard  (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 8 4 2 4 6 5 0 5 4 5 8 6 2

− 4 0 0 . 5 6 2 4 0 . 5 2 3 2 0 . 6 0 2 0 0 . 6 8 5 9 0 . 7 7 5 9 0 . 8 7 2 8 0 . 9 7 7 8 1 . 0 9 2 4 1 . 2 1 8 4
− 3 0 0 . 5 8 6 3 0 . 5 0 1 9 0 . 5 7 7 4 0 . 6 5 8 0 0 . 7 4 4 3 0 . 8 3 7 3 0 . 9 3 8 0 1 . 0 4 7 9 1 . 1 6 8 7
− 2 0 0 . 6 1 0 2 0 . 4 8 2 2 0 . 5 5 4 8 0 . 6 3 2 2 0 . 7 1 5 1 0 . 8 0 4 5 0 . 9 0 1 2 1 . 0 0 6 8 1 . 1 2 3 0
− 1 0 0 . 6 3 4 1 0 . 4 6 4 1 0 . 5 3 3 9 0 . 6 0 8 4 0 . 6 8 8 2 0 . 7 7 4 1 0 . 8 6 7 3 0 . 9 6 8 9 1 . 0 8 0 6

0 0 . 6 5 8 0 0 . 4 4 7 2 0 . 5 1 4 5 0 . 5 8 6 3 0 . 6 6 3 2 0 . 7 4 6 0 0 . 8 3 5 8 0 . 9 3 3 7 1 . 0 4 1 4
1 0 0 . 6 8 1 9 0 . 4 3 1 5 0 . 4 9 6 5 0 . 5 6 5 7 0 . 6 3 9 9 0 . 7 1 9 9 0 . 8 0 6 5 0 . 9 0 0 9 1 . 0 0 4 9
2 0 0 . 7 0 5 8 0 . 4 1 6 9 0 . 4 7 9 7 0 . 5 4 6 6 0 . 6 1 8 3 0 . 6 9 5 5 0 . 7 7 9 2 0 . 8 7 0 4 0 . 9 7 0 9
3 0 0 . 7 2 9 7 0 . 4 0 3 3 0 . 4 6 3 9 0 . 5 2 8 7 0 . 5 9 8 0 0 . 6 7 2 7 0 . 7 5 3 6 0 . 8 4 1 9 0 . 9 3 9 1
4 0 0 . 7 5 3 6 0 . 3 9 0 5 0 . 4 4 9 2 0 . 5 1 1 9 0 . 5 7 9 1 0 . 6 5 1 4 0 . 7 2 9 7 0 . 8 1 5 2 0 . 9 0 9 3
5 0 0 . 7 7 7 5 0 . 3 7 8 5 0 . 4 3 5 4 0 . 4 9 6 2 0 . 5 6 1 3 0 . 6 3 1 4 0 . 7 0 7 3 0 . 7 9 0 2 0 . 8 8 1 3
6 0 0 . 8 0 1 4 0 . 3 6 7 2 0 . 4 2 2 4 0 . 4 8 1 4 0 . 5 4 4 5 0 . 6 1 2 5 0 . 6 8 6 2 0 . 7 6 6 6 0 . 8 5 5 0
7 0 0 . 8 2 5 3 0 . 3 5 6 6 0 . 4 1 0 2 0 . 4 6 7 4 0 . 5 2 8 7 0 . 5 9 4 8 0 . 6 6 6 3 0 . 7 4 4 4 0 . 8 3 0 3
8 0 0 . 8 4 9 2 0 . 3 4 6 5 0 . 3 9 8 7 0 . 4 5 4 3 0 . 5 1 3 9 0 . 5 7 8 0 0 . 6 4 7 6 0 . 7 2 3 5 0 . 8 0 6 9
9 0 0 . 8 7 3 1 0 . 3 3 7 0 0 . 3 8 7 7 0 . 4 4 1 8 0 . 4 9 9 8 0 . 5 6 2 2 0 . 6 2 9 9 0 . 7 0 3 6 0 . 7 8 4 8

1 0 0 0 . 8 9 7 0 0 . 3 2 8 1 0 . 3 7 7 4 0 . 4 3 0 1 0 . 4 8 6 5 0 . 5 4 7 2 0 . 6 1 3 1 0 . 6 8 4 9 0 . 7 6 3 9

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .

bs [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f I G- 5 4 1  va p o r  c a n  b e  a p p r o x i m ate d  b y s =  0 . 6 5 7 9 9  +  0 . 0 0 2 3 9t,  wh e r e  t =  te m p e r a tu r e  ( ° C ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( m 3  / m 3 )  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( m 3 / k g ) ]  =  specifc  vo l u m e  o f i n e r t g a s  ag e n t a t 2 1 ° C  a n d  1 . 0 1 3  b ar  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 5 4 1  i n  a i r  a t th e  te m p e r a tu r e  i n d i c a te d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 9 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  A. 7 . 3 . 2 ( g)  I G - 5 5  To tal  Fl o o d i n g Q uan ti ty ( U . S .  U n i ts )

Te m p  (t)

( ° F) a

Specifc
Vap o r

Vo l u m e  (s)

( ft3 / l b ) b

Vo l u m e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l um e  o f H az ard  (Vage n t/Ve n c l o s ure ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 8 4 2 4 6 5 0 5 4 5 8 6 2

− 4 0 9 . 0 2 0 . 5 2 4 5 0 . 6 0 3 4 0 . 6 8 7 5 0 . 7 7 7 7 0 . 8 7 4 9 0 . 9 8 0 1 1 . 0 9 4 9 1 . 2 2 1 3
− 3 0 9 . 2 4 0 . 5 1 2 2 0 . 5 8 9 3 0 . 6 7 1 5 0 . 7 5 9 6 0 . 8 5 4 5 0 . 9 5 7 3 1 . 0 6 9 4 1 . 1 9 2 8
− 2 0 9 . 4 5 0 . 5 0 0 6 0 . 5 7 5 9 0 . 6 5 6 3 0 . 7 4 2 3 0 . 8 3 5 1 0 . 9 3 5 5 1 . 0 4 5 1 1 . 1 6 5 7
− 1 0 9 . 6 7 0 . 4 8 9 5 0 . 5 6 3 1 0 . 6 4 1 7 0 . 7 2 5 8 0 . 8 1 6 5 0 . 9 1 4 7 1 . 0 2 1 9 1 . 1 3 9 8

0 9 . 8 8 0 . 4 7 8 8 0 . 5 5 0 8 0 . 6 2 7 7 0 . 7 1 0 0 0 . 7 9 8 7 0 . 8 9 4 8 0 . 9 9 9 6 1 . 1 1 5 0
1 0 1 0 . 1 0 0 . 4 6 8 6 0 . 5 3 9 1 0 . 6 1 4 3 0 . 6 9 4 9 0 . 7 8 1 7 0 . 8 7 5 7 0 . 9 7 8 3 1 . 0 9 1 2
2 0 1 0 . 3 1 0 . 4 5 8 8 0 . 5 2 7 9 0 . 6 0 1 5 0 . 6 8 0 4 0 . 7 6 5 4 0 . 8 5 7 5 0 . 9 5 7 9 1 . 0 6 8 5
3 0 1 0 . 5 3 0 . 4 4 9 5 0 . 5 1 7 1 0 . 5 8 9 2 0 . 6 6 6 5 0 . 7 4 9 8 0 . 8 4 0 0 0 . 9 3 8 4 1 . 0 4 6 6
4 0 1 0 . 7 4 0 . 4 4 0 5 0 . 5 0 6 7 0 . 5 7 7 4 0 . 6 5 3 2 0 . 7 3 4 8 0 . 8 2 3 2 0 . 9 1 9 6 1 . 0 2 5 7
5 0 1 0 . 9 6 0 . 4 3 1 8 0 . 4 9 6 8 0 . 5 6 6 1 0 . 6 4 0 4 0 . 7 2 0 4 0 . 8 0 7 0 0 . 9 0 1 5 1 . 0 0 5 6
6 0 1 1 . 1 7 0 . 4 2 3 5 0 . 4 8 7 2 0 . 5 5 5 2 0 . 6 2 8 0 0 . 7 0 6 5 0 . 7 9 1 5 0 . 8 8 4 2 0 . 9 8 6 2
7 0 1 1 . 3 9 0 . 4 1 5 5 0 . 4 7 8 0 0 . 5 4 4 7 0 . 6 1 6 2 0 . 6 9 3 1 0 . 7 7 6 5 0 . 8 6 7 5 0 . 9 6 7 6
8 0 1 1 . 6 0 0 . 4 0 7 8 0 . 4 6 9 2 0 . 5 3 4 6 0 . 6 0 4 8 0 . 6 8 0 3 0 . 7 6 2 1 0 . 8 5 1 4 0 . 9 4 9 7
9 0 1 1 . 8 2 0 . 4 0 0 4 0 . 4 6 0 6 0 . 5 2 4 9 0 . 5 9 3 8 0 . 6 6 7 9 0 . 7 4 8 3 0 . 8 3 5 9 0 . 9 3 2 4

1 0 0 1 2 . 0 3 0 . 3 9 3 2 0 . 4 5 2 4 0 . 5 1 5 5 0 . 5 8 3 2 0 . 6 5 6 0 0 . 7 3 4 9 0 . 8 2 1 0 0 . 9 1 5 7
1 1 0 1 2 . 2 5 0 . 3 8 6 3 0 . 4 4 4 5 0 . 5 0 6 5 0 . 5 7 2 9 0 . 6 4 4 5 0 . 7 2 2 0 0 . 8 0 6 6 0 . 8 9 9 6
1 2 0 1 2 . 4 6 0 . 3 7 9 7 0 . 4 3 6 8 0 . 4 9 7 7 0 . 5 6 3 0 0 . 6 3 3 3 0 . 7 0 9 5 0 . 7 9 2 7 0 . 8 8 4 1
1 3 0 1 2 . 6 8 0 . 3 7 3 2 0 . 4 2 9 4 0 . 4 8 9 3 0 . 5 5 3 5 0 . 6 2 2 6 0 . 6 9 7 5 0 . 7 7 9 2 0 . 8 6 9 1
1 4 0 1 2 . 8 9 0 . 3 6 7 0 0 . 4 2 2 2 0 . 4 8 1 1 0 . 5 4 4 2 0 . 6 1 2 2 0 . 6 8 5 9 0 . 7 6 6 2 0 . 8 5 4 6
1 5 0 1 3 . 1 1 0 . 3 6 1 0 0 . 4 1 5 3 0 . 4 7 3 2 0 . 5 3 5 3 0 . 6 0 2 2 0 . 6 7 4 6 0 . 7 5 3 7 0 . 8 4 0 6
1 6 0 1 3 . 3 2 0 . 3 5 5 2 0 . 4 0 8 6 0 . 4 6 5 6 0 . 5 2 6 7 0 . 5 9 2 5 0 . 6 6 3 7 0 . 7 4 1 5 0 . 8 2 7 0
1 7 0 1 3 . 5 4 0 . 3 4 9 5 0 . 4 0 2 1 0 . 4 5 8 2 0 . 5 1 8 3 0 . 5 8 3 0 0 . 6 5 3 2 0 . 7 2 9 7 0 . 8 1 3 9
1 8 0 1 3 . 7 5 0 . 3 4 4 1 0 . 3 9 5 8 0 . 4 5 1 0 0 . 5 1 0 2 0 . 5 7 3 9 0 . 6 4 3 0 0 . 7 1 8 3 0 . 8 0 1 2
1 9 0 1 3 . 9 7 0 . 3 3 8 8 0 . 3 8 9 7 0 . 4 4 4 1 0 . 5 0 2 4 0 . 5 6 5 1 0 . 6 3 3 1 0 . 7 0 7 2 0 . 7 8 8 8
2 0 0 1 4 . 1 8 0 . 3 3 3 6 0 . 3 8 3 8 0 . 4 3 7 4 0 . 4 9 4 7 0 . 5 5 6 5 0 . 6 2 3 5 0 . 6 9 6 5 0 . 7 7 6 9

N o te s :
( 1 )  Vs =  th e  te r m  X =  l n  [ 1 0 0 / ( 1 0 0  −C) ]  g i ve s  th e  vo l u m e  a t a  r a te d  c o n c e n tr a ti o n  ( % )  a n d  te m p e r a tu r e  to  r e a c h  a n  a i r-a g e n t m i x tu r e  a t th e  e n d  o f
fooding  ti m e  i n  a  vo l u m e  o f 1  ft3 .

( 2 )  T h e  m a n u fac tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° F ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  ar e a .

bs [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f I G-5 5  vap o r  c a n  b e  ap p r o x i m a te d  b y s =  9 . 8 8 0 9  +  0 . 0 2 1 5t,  wh e r e  t =  te m p e r a tu r e  ( ° F ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( l b / ft3 ) ]  =  vo l u m e  o f ag e n t r e q u i r e d  p e r  c u b i c  fo o t o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( ft3 / l b ) ]  =  specifc  vo l u m e  o f i n e r t g as  ag e n t a t 7 0 ° F  a n d  1 4 . 7  p s i  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 5 5  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



AN N E X  A 2 0 0 1 - 9 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

Δ Tab l e  A. 7 . 3 . 2 ( h )  I G - 5 5  To tal  Fl o o d i n g Q u an ti ty ( S I  U n i ts )

Te m p  (t)

( ° C ) a

Specifc
Vap o r

Vo l u m e  (s)

( m 3 / k g) b

Vo l um e  Re q u i re m e n ts  o f Age n t p e r U n i t Vo l u m e  o f H az ard  (Vage n t/Ve n c l o s u re ) c

D e s i gn  C o n c e n trati o n  ( %  b y Vo l u m e ) d

3 4 3 8 4 2 4 6 5 0 5 4 5 8 6 2

− 4 0 0 . 5 6 3 0 0 . 5 2 4 5 0 . 6 0 3 4 0 . 6 8 7 6 0 . 7 7 7 8 0 . 8 7 4 9 0 . 9 8 0 1 1 . 0 9 5 0 1 . 2 2 1 3
− 3 5 0 . 5 7 5 1 0 . 5 1 3 4 0 . 5 9 0 7 0 . 6 7 3 1 0 . 7 6 1 4 0 . 8 5 6 5 0 . 9 5 9 5 1 . 0 7 1 9 1 . 1 9 5 6
− 3 0 0 . 5 8 7 2 0 . 5 0 2 9 0 . 5 7 8 5 0 . 6 5 9 2 0 . 7 4 5 7 0 . 8 3 8 8 0 . 9 3 9 7 1 . 0 4 9 8 1 . 1 7 1 0
− 2 5 0 . 5 9 9 3 0 . 4 9 2 7 0 . 5 6 6 8 0 . 6 4 5 9 0 . 7 3 0 6 0 . 8 2 1 9 0 . 9 2 0 8 1 . 0 2 8 6 1 . 1 4 7 3
− 2 0 0 . 6 1 1 4 0 . 4 8 2 9 0 . 5 5 5 6 0 . 6 3 3 1 0 . 7 1 6 2 0 . 8 0 5 6 0 . 9 0 2 5 1 . 0 0 8 3 1 . 1 2 4 6
− 1 5 0 . 6 2 3 5 0 . 4 7 3 6 0 . 5 4 4 8 0 . 6 2 0 8 0 . 7 0 2 3 0 . 7 9 0 0 0 . 8 8 5 0 0 . 9 8 8 7 1 . 1 0 2 8
− 1 0 0 . 6 3 5 6 0 . 4 6 4 6 0 . 5 3 4 5 0 . 6 0 9 0 0 . 6 8 8 9 0 . 7 7 5 0 0 . 8 6 8 2 0 . 9 6 9 9 1 . 0 8 1 8

− 5 0 . 6 4 7 7 0 . 4 5 5 9 0 . 5 2 4 5 0 . 5 9 7 6 0 . 6 7 6 0 0 . 7 6 0 5 0 . 8 5 2 0 0 . 9 5 1 8 1 . 0 6 1 6
0 0 . 6 5 9 8 0 . 4 4 7 5 0 . 5 1 4 9 0 . 5 8 6 7 0 . 6 6 3 6 0 . 7 4 6 5 0 . 8 3 6 3 0 . 9 3 4 3 1 . 0 4 2 1
5 0 . 6 7 1 9 0 . 4 3 9 5 0 . 5 0 5 6 0 . 5 7 6 1 0 . 6 5 1 7 0 . 7 3 3 1 0 . 8 2 1 3 0 . 9 1 7 5 1 . 0 2 3 3

1 0 0 . 6 8 4 0 0 . 4 3 1 7 0 . 4 9 6 6 0 . 5 6 5 9 0 . 6 4 0 2 0 . 7 2 0 1 0 . 8 0 6 7 0 . 9 0 1 3 1 . 0 0 5 2
1 5 0 . 6 9 6 1 0 . 4 2 4 2 0 . 4 8 8 0 0 . 5 5 6 1 0 . 6 2 9 0 0 . 7 0 7 6 0 . 7 9 2 7 0 . 8 8 5 6 0 . 9 8 7 8
2 0 0 . 7 0 8 2 0 . 4 1 6 9 0 . 4 7 9 7 0 . 5 4 6 6 0 . 6 1 8 3 0 . 6 9 5 5 0 . 7 7 9 2 0 . 8 7 0 5 0 . 9 7 0 9
2 5 0 . 7 2 0 3 0 . 4 0 9 9 0 . 4 7 1 6 0 . 5 3 7 4 0 . 6 0 7 9 0 . 6 8 3 8 0 . 7 6 6 1 0 . 8 5 5 8 0 . 9 5 4 6
3 0 0 . 7 3 2 4 0 . 4 0 3 2 0 . 4 6 3 8 0 . 5 2 8 5 0 . 5 9 7 9 0 . 6 7 2 5 0 . 7 5 3 4 0 . 8 4 1 7 0 . 9 3 8 8
3 5 0 . 7 4 4 5 0 . 3 9 6 6 0 . 4 5 6 3 0 . 5 1 9 9 0 . 5 8 8 1 0 . 6 6 1 6 0 . 7 4 1 2 0 . 8 2 8 0 0 . 9 2 3 6
4 0 0 . 7 5 6 6 0 . 3 9 0 3 0 . 4 4 9 0 0 . 5 1 1 6 0 . 5 7 8 7 0 . 6 5 1 0 0 . 7 2 9 3 0 . 8 1 4 8 0 . 9 0 8 8
4 5 0 . 7 6 8 7 0 . 3 8 4 1 0 . 4 4 1 9 0 . 5 0 3 6 0 . 5 6 9 6 0 . 6 4 0 8 0 . 7 1 7 9 0 . 8 0 2 0 0 . 8 9 4 5
5 0 0 . 7 8 0 8 0 . 3 7 8 2 0 . 4 3 5 1 0 . 4 9 5 8 0 . 5 6 0 8 0 . 6 3 0 8 0 . 7 0 6 7 0 . 7 8 9 5 0 . 8 8 0 6
5 5 0 . 7 9 2 9 0 . 3 7 2 4 0 . 4 2 8 4 0 . 4 8 8 2 0 . 5 5 2 2 0 . 6 2 1 2 0 . 6 9 5 9 0 . 7 7 7 5 0 . 8 6 7 2
6 0 0 . 8 0 5 0 0 . 3 6 6 8 0 . 4 2 2 0 0 . 4 8 0 9 0 . 5 4 3 9 0 . 6 1 1 9 0 . 6 8 5 5 0 . 7 6 5 8 0 . 8 5 4 1
6 5 0 . 8 1 7 1 0 . 3 6 1 4 0 . 4 1 5 7 0 . 4 7 3 7 0 . 5 3 5 9 0 . 6 0 2 8 0 . 6 7 5 3 0 . 7 5 4 5 0 . 8 4 1 5
7 0 0 . 8 2 9 2 0 . 3 5 6 1 0 . 4 0 9 7 0 . 4 6 6 8 0 . 5 2 8 1 0 . 5 9 4 0 0 . 6 6 5 5 0 . 7 4 3 4 0 . 8 2 9 2
7 5 0 . 8 4 1 3 0 . 3 5 1 0 0 . 4 0 3 8 0 . 4 6 0 1 0 . 5 2 0 5 0 . 5 8 5 5 0 . 6 5 5 9 0 . 7 3 2 8 0 . 8 1 7 3
8 0 0 . 8 5 3 4 0 . 3 4 6 0 0 . 3 9 8 1 0 . 4 5 3 6 0 . 5 1 3 1 0 . 5 7 7 2 0 . 6 4 6 6 0 . 7 2 2 4 0 . 8 0 5 7
8 5 0 . 8 6 5 5 0 . 3 4 1 2 0 . 3 9 2 5 0 . 4 4 7 2 0 . 5 0 5 9 0 . 5 6 9 1 0 . 6 3 7 6 0 . 7 1 2 3 0 . 7 9 4 4
9 0 0 . 8 7 7 6 0 . 3 3 6 5 0 . 3 8 7 1 0 . 4 4 1 1 0 . 4 9 8 9 0 . 5 6 1 3 0 . 6 2 8 8 0 . 7 0 2 4 0 . 7 8 3 5
9 5 0 . 8 8 9 7 0 . 3 3 1 9 0 . 3 8 1 8 0 . 4 3 5 1 0 . 4 9 2 2 0 . 5 5 3 6 0 . 6 2 0 2 0 . 6 9 2 9 0 . 7 7 2 8

1 0 0 0 . 9 0 1 8 0 . 3 2 7 4 0 . 3 7 6 7 0 . 4 2 9 2 0 . 4 8 5 6 0 . 5 4 6 2 0 . 6 1 1 9 0 . 6 8 3 6 0 . 7 6 2 5

N o te :  T h e  m a n u fa c tu r e r ’ s  l i s ti n g  specifes  th e  te m p e r a tu r e  r an g e  fo r  o p e r a ti o n .
at [ te m p e r a tu r e  ( ° C ) ]  =  d e s i g n  te m p e r a tu r e  i n  th e  h a z a r d  a r e a .

bs [specifc  vo l u m e  ( m 3 / kg ) ]  =  specifc  vo l u m e  o f I G- 5 5  va p o r  c a n  b e  a p p r o x i m a te d  b y s =  0 . 6 5 9 8  +  0 . 0 0 2 4 2t,  wh e r e  t =  te m p e r atu r e  ( ° C ) .
cX [ a g e n t vo l u m e  r e q u i r e m e n ts  ( m 3  / m 3 )  =  vo l u m e  o f a g e n t r e q u i r e d  p e r  c u b i c  m e te r  o f p r o te c te d  vo l u m e  to  p r o d u c e  i n d i c a te d  c o n c e n tr a ti o n  a t

te m p e r a tu r e  specifed.
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wh e r e :
s0  [specifc  vo l u m e  ( m 3 / k g ) ]  =  specifc  vo l u m e  o f i n e r t g a s  ag e n t a t 2 1 ° C  a n d  1 . 0 1 3  b ar  a b s o l u te
dC [ c o n c e n tr a ti o n  ( % ) ]  =  vo l u m e tr i c  c o n c e n tr a ti o n  o f I G- 5 5  i n  a i r  a t th e  te m p e r a tu r e  i n d i c ate d .



C L E AN  AG E N T  F I RE  E X T I N G U I S H I N G S YS T E M S2 0 0 1 - 9 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

A. 7 . 3 . 3    T h e  m i n i m u m  d e s i g n  c o n c e n tr ati o n  b a s e d  e i th e r  o n
th e  c u p  b u r n e r  e x ti n gu i s h i n g  c o n c e n tr a ti o n  p l u s  3 0  p e r c e n t o r
o n  C l as s  A fre  te s t e x ti n g u i s h i n g c o n c e n tr a ti o n  p l u s  2 0  p e r c e n t
s h o u l d  e n c o m p as s  d e s i gn  to l e r a n c e s  fo r  m o s t ap p l i c ati o n s .
H o we ve r,  th e s e  s afe ty fa c to r s  d o  n o t a c c o u n t fo r  specifc  c o n d i ‐
ti o n s  o r  r e q u i r e m e n ts  fo r  s o m e  p a r ti c u l a r  ap p l i c a ti o n s  th at c a n
r e q u i r e  ad d i ti o n a l  ag e n t to  e n s u r e  c o m p l e te  fre  e x ti n g u i s h ‐
m e n t.  T h e  fo l l o wi n g l i s t g i ve s  c e r ta i n  c o n d i ti o n s  o r  c o n s i d e r a‐
ti o n s  th at c an  r e q u i r e  th e  u s e  o f d e s i g n  fa c to r s  th a t wo u l d
i n c r e as e  th e  q u a n ti ty o f ag e n t u s e d :

( 1 ) Unclosable openings (see also 7. 5. 2).  S p e c i al  c o n s i d e r ati o n s
s h o u l d  b e  take n  i n to  ac c o u n t i n  th e  d e s i gn  o f a fre

s u p p r e s s i o n  s ys te m  fo r  an  e n c l o s u r e  th at c an n o t o r  wi l l
n o t b e  s e a l e d  o r  c l o s e d  b e fo r e  th e  fre  s u p p r e s s i o n  s ys te m

i s  d i s c h ar g e d .  T h e  l o s s  o f ag e n t th r o u g h  th e  o p e n i n g s
n e e d s  to  b e  c o m p e n s ate d  fo r  b y s o m e  m e th o d .  C o m p e n ‐
s a ti o n  fo r  u n c l o s a b l e  o p e n i n gs  c an  b e  h a n d l e d  th r o u g h

e x te n d i n g  th e  d i s c h ar g e  ti m e ,  wh i c h  i n  tu r n  e x te n d s  th e
p e r i o d  o f ag e n t ap p l i c a ti o n .  A m e th o d  o f d e te r m i n i n g

th e  ad d i ti o n a l  ag e n t r e q u i r e d / r ate  o f ap p l i c ati o n  c a n  b e
ac c o m p l i s h e d  b y c o n d u c ti n g  an  e n c l o s u r e  i n te gr i ty te s t

p e r  An n e x  D .  Wh e n  ag e n t i s  ap p l i e d  to  c o m p e n s a te  fo r
th e  l o s s  th r o u g h  an  u n c l o s ab l e  o p e n i n g ,  c o n s i d e r a ti o n

n e e d s  to  b e  ta ke n  to  e x te n d  th e  d i s c h a r ge  o f ag e n t to
e n ab l e  th e  c o n c e n tr ati o n  wi th i n  th e  e n c l o s u r e  to  b e  h e l d
fo r  a l o n g e r  p e r i o d  o f ti m e .  T h e  d i s c h a r ge  ti m e  defned

i n  7 . 5 . 1 . 1  i s  fo r  th e  ti m e  r e q u i r e d  fo r  th e  i n i ti al  ag e n t
r e q u i r e d  to  p r o te c t th e  e n c l o s u r e  wi th o u t l e a ka ge

th r o u g h  th e  u n c l o s ab l e  o p e n i n g s .  Wi th o u t e x te n d i n g  th e
d i s c h ar g e  ti m e  fo r  th e  ad d i ti o n a l  ag e n t b e i n g  a p p l i e d ,

l e ak r ate s  th r o u g h  th e  u n c l o s ab l e  o p e n i n g s  wi l l  i n c r e as e .
( 2 ) Acid gas formation considerations.  H i g h  c o n c e n tr a ti o n s  o f

h yd r o g e n  fuoride  ( H F )  c an  b e  e x p e c te d  at c u p  b u r n e r
d e s i g n  c o n c e n tr ati o n s .  H F  c an  b e  r e d u c e d  b y i n c r e a s i n g
th e  d e s i gn  c o n c e n tr ati o n .  D r a m a ti c  r e d u c ti o n  c a n  b e
ac h i e ve d  b y i n c r e as i n g  d e s i g n  c o n c e n tr ati o n  u p  to  c u p

b u r n e r  p l u s  3 0  p e r c e n t.  Ab o ve  c u p  b u r n e r  p l u s
3 0  p e r c e n t,  r e d u c ti o n  i n  H F  i s  n o t as  d r am ati c .  ( F o r

fu r th e r  i n fo r m ati o n  s e e  S h e i n s o n  e t al . ,  1 9 9 4 ,  an d  S h e i n ‐
s o n  e t a l . ,  1 9 9 5 . )

( 3 ) Fuel geometry considerations.  F o r  C l as s  A a n d  B  fres,  fu e l
g e o m e tr y a n d  c o m p a r tm e n t o b s tr u c ti o n s  c a n  affe c t ag e n t
c o n c e n tr a ti o n  a t th e  fre.  F u l l -s c al e  m a c h i n e r y s p ac e  te s ts

c o n d u c te d  b y th e  N aval  Re s e ar c h  L ab o r ato r y ( N RL )  h ave
s h o wn  th at fo r  a l ar g e  [ 8 5 0  m 3  ( 3 0 , 0 0 0  ft3 ) ]  e n c l o s u r e

wi th  a c o m p l e x  o b s tr u c te d  fu e l  g e o m e tr y,  age n t c o n c e n ‐
tr ati o n  c a n  va r y ± 2 0  p e r c e n t.  I n c r e a s i n g th e  d e s i gn
c o n c e n tr a ti o n  o r  ad d i n g  o r  r e l o c ati n g  d i s c h a r ge  n o z z l e s

c a n  c o m p e n s ate  fo r  c o n c e n tr a ti o n s  b e l o w th e  d e s i gn
c o n c e n tr ati o n .  F o r  fu r th e r  i n fo r m a ti o n ,  s e e  N aval

Re s e ar c h  L ab o r ato r y Re p o r t S e r  6 1 8 0 / 0 0 4 9 . 2 .
( 4 ) Enclosure geometry.  Typ i c a l l y i n  ap p l i c a ti o n s  i n vo l vi n g

u n u s u a l  e n c l o s u r e  ge o m e tr i e s ,  ag e n t d i s tr i b u ti o n  i s
ad d r e s s e d  th r o u g h  n o z z l e  p l ac e m e n t.  I f th e  g e o m e tr y o f
th e  e n c l o s u r e  ( o r  s ys te m  d e s i gn )  i s  s u c h  th at th e  ag e n t
d i s tr i b u ti o n  c a n n o t b e  ad e q u ate l y ad d r e s s e d  th r o u g h

n o z z l e  p l ac e m e n t,  a d d i ti o n al  c o n c e n tr a ti o n  s h o u l d  b e
c o n s i d e r e d .  An  e x a m p l e  o f s u c h  ap p l i c ati o n s  c o u l d  b e

e n c l o s u r e s  h a vi n g ve r y h i g h  o r  ve r y l o w as p e c t r ati o s
( l e n g th / wi d th ) .

( 5 ) Obstructions within the enclosure.  T h e  fo l l o wi n g  th r e e
c o n s i d e r ati o n s  s h o u l d  b e  gi ve n  to  e n c l o s u r e  o b s tr u c ti o n s :

( a) Ro o m  vo l u m e  s h o u l d  b e  c al c u l ate d  c o n s i d e r i n g  th e
r o o m  e m p ty.  E x c e p ti o n s  c an  b e  m ad e  o n l y fo r  s tr u c ‐

tu r al  c o m p o n e n ts  o r  s h afts  th a t p as s  th r o u g h  th e
r o o m .

( b ) F o r  s m al l  r o o m  vo l u m e s ,  c o n s i d e r ati o n  s h o u l d  b e
g i ve n  to  e q u i p m e n t/ s to r ag e  th at take  u p  a  c o n s i d e r ‐

ab l e  p e r c e n ta ge  o f th e  r o o m  vo l u m e ,  specifcally,
wh e th e r  th e  r e d u c e d  vo l u m e  wi l l  r a i s e  th e  e ffe c ti ve
c o n c e n tr ati o n  o f th e  a ge n t fr o m  th e  N O AE L  to  th e

L O AE L  i n  n o r m al l y o c c u p i e d  s p a c e s .  H o we ve r,  th i s
c o n s i d e r ati o n  m u s t b e  c l o s e l y b al an c e d  ag ai n s t th e

n e e d  to  m ai n ta i n  a n  a d e q u a te  c o n c e n tr a ti o n  e ve n
wh e n  th e  r o o m  i s  e m p ty.

( c ) O b s tr u c ti o n s  l o c a te d  n e a r  th e  n o z z l e  c o u l d  b l o c k o r
i m p e d e  ag e n t d i s c h ar g e  fr o m  th e  n o z z l e  an d  c o u l d
a ffe c t th e  d i s tr i b u ti o n  o f th e  ag e n t wi th i n  th e  e n c l o ‐

s u r e .  O b s tr u c ti o n s  s u c h  a s  d u c ts ,  c a b l e  tr ays ,  l ar g e
c o n d u i ts ,  an d  l i g h t fxtures  h ave  th e  p o te n ti a l  to
d i s r u p t th e  fow p atte r n  o f th e  ag e n t fr o m  th e

n o z z l e .  I f th e  fow o f th e  ag e n t i s  fo r c e d  d o wn  to  th e
foor,  fo r  e x a m p l e ,  i t i s  u n l i ke l y th a t c o n c e n tr a ti o n
wi l l  b e  ac h i e ve d  at th e  m i d d l e  o r  u p p e r  e l e vati o n s .

C e r tai n l y,  u n i fo r m  d i s p e r s i o n  an d  c o n c e n tr a ti o n
wi l l  n o t b e  ac h i e ve d .

Δ A. 7 . 3 . 3 . 1    T h e  te e  d e s i gn  fac to r  i s  m e an t to  c o m p e n s ate  fo r  th e
u n c e r ta i n ty i n  th e  q u an ti ty o f a ge n t fowing  th r o u gh  a  p i p e  a s

th e  a ge n t p as s e s  th r o u gh  an  i n c r e as i n g  n u m b e r  o f te e s .  T h e
l i s ti n g  te s ts  g e n e r al l y i n c o r p o r ate  s ys te m s  wi th  a  ve r y l i m i te d
n u m b e r  o f te e s  ( two  to  fo u r ) .  I f th e  n u m b e r  o f te e s  i n  a s ys te m

i s  g r e ate r,  a d d i ti o n al  ag e n t i s  r e q u i r e d  to  c o m p e n s a te  fo r  th e
u n c e r ta i n ty a t th e  te e  s p l i ts  an d  e n s u r e  th a t a suffcient q u an ti ty
o f a ge n t i s  d e l i ve r e d  to  e ac h  h a z a r d .  Te e s  th a t d e l i ve r  ag e n t
o n l y to  n o z z l e s  wi th i n  a h a z a r d  ar e  n o t c o u n te d  fo r  th i s  d e s i gn

fac to r  b e c au s e  i t i s  b e l i e ve d  m i x i n g wi th i n  th e  h az ar d  wi l l
c o m p e n s a te  fo r  a n y d i s c r e p an c y.

T h e  d e s i gn  fac to r  fo r  th e  i n e r t g as e s  i s  l e s s  th an  fo r  th e  h al o ‐
c a r b o n s  b e c a u s e  i t i s  b e l i e ve d  th at th e  fow o f i n e r t g as e s  c a n  b e
m o r e  a c c u r ate l y p r e d i c te d  a n d  th a t i n e r t ga s e s  ar e  l e s s  s e n s i ti ve

to  p i p e  va r i a b i l i ty.

T h e  fo l l o wi n g two  e x am p l e s  i l l u s tr a te  th e  m e th o d  fo r  d e te r ‐
m i n i n g  th e  d e s i g n  fa c to r  te e  c o u n t ( n o te  th a t th e s e  e x am p l e s

m i gh t n o t r e p r e s e n t g o o d  d e s i g n  p r a c ti c e ) :

( 1 )  E x am p l e  1  [see Figure A. 7. 3. 3. 1 (a)]

H az ard D e s i gn  Fac to r Te e  C o un t

1 9  ( te e s  A,  B ,  C ,  D ,  E ,  F,  G,  H ,  I )
2 8  ( te e s  C ,  D ,  E ,  F,  G ,  H ,  I ,  A)
3 1  ( te e  C )

T h e r e fo r e ,  i f th e  s ys te m  u s e s  a  h al o c a r b o n  ag e n t,  th e  d e s i gn
fac to r  i s  0 . 0 5 ,  a n d  i f th e  s ys te m  u s e s  a n  i n e r t ga s  a ge n t,  th e

d e s i g n  fa c to r  i s  0 . 0 1 .

( 2 )  E x am p l e  2  [see Figure A. 7. 3. 3. 1 (b)]

H az ard D e s i gn  Fac to r Te e  C o un t

1 5  ( te e s  B ,  C ,  D ,  E ,  F )
2 3  ( te e s  B ,  E ,  H )
3 2  ( te e s  E ,  F )
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F o r  H az ar d  1 ,  th e  b r an c h  c o n s i s ti n g o f te e s  H ,  I ,  an d  J ,  F  i s
n o t u s e d  b e c au s e  th e  o th e r  b r an c h  h a s  a  gr e a te r  te e  c o u n t.

T h e r e fo r e ,  i f th e  s ys te m  u s e s  a  h al o c a r b o n  ag e n t,  th e  d e s i gn
fac to r  i s  0 . 0 1 ,  a n d  i f th e  s ys te m  u s e s  a n  i n e r t ga s  a ge n t,  th e

d e s i g n  fa c to r  wo u l d  b e  0 . 0 0 .

A. 7 . 3 . 3 . 2    T h e  l i s ti n g  o f e n g i n e e r e d  c l e a n  ag e n t s ys te m s
r e q u i r e s  r u n n i n g  a n u m b e r  o f te s ts  th at i n c l u d e  m e as u r i n g th e

a ge n t q u a n ti ty fr o m  e a c h  n o z z l e .  To  s u c c e s s fu l l y p as s  th e s e
te s ts ,  th e  fow c al c u l ati o n  s o ftwa r e  c a n n o t o ve r p r e d i c t th e

m e a s u r e d  m a s s  b y m o r e  th a n  5  p e r c e n t n o r  u n d e r p r e d i c t th e
m e a s u r e d  m as s  b y m o r e  th an  1 0  p e r c e n t.  E x p e r i e n c e  p e r fo r m ‐
i n g th e s e  te s ts  i n d i c ate s  th e  m ax i m u m  l ab o r ato r y a c c u r ac y fo r

th e  c al c u l ati o n s  i s  ± 5  p e r c e n t o f th e  m e as u r e d  va l u e  wi th  a
9 0  p e r c e n t c e r ta i n ty.  T h i s  m e an s  th at 9 0  p e r c e n t o f th e  m e as ‐
u r e d  ag e n t q u an ti ti e s  wi l l  b e  wi th i n  ± 5  p e r c e n t o f th e  p r e d i c te d

va l u e .  I f th e  e r r o r  i s  d u e  to  r a n d o m  fac to r s ,  th e n  th at c an  b e
r e p r e s e n te d  s ta ti s ti c a l l y b y a  n o r m al  ( Ga u s s i an )  d i s tr i b u ti o n .  A
n o r m al  d i s tr i b u ti o n  c u r ve  i s  s h o wn  i n  F i g u r e  A. 7 . 3 . 3 . 2 ( a ) ,  wi th

th e  m e as u r e d  m as s  n o r m a l i z e d  b y th e  p r e d i c te d  val u e .  T h e
r e s u l ti n g  s tan d ar d  d e vi ati o n  i s  0 . 0 3 0 4  fr o m  s ta n d ar d  ta b l e s .
T h e s e  s ys te m s  g e n e r al l y h a ve  two  te e s  an d  th r e e  n o z z l e s .

F o r  a  s ys te m  th a t u ti l i z e s  m o r e  th a n  two  te e s ,  th e  e r r o r  wi l l
p r o p a ga te  a n d  th e  c e r ta i n ty fo r  th e  p r e d i c ti o n  o f th e  ag e n t

q u an ti ty wi l l  b e  l e s s .  T h e  m o r e  te e s  b e twe e n  a n o z z l e  a n d  th e
c yl i n d e r,  th e  l o we r  th e  c e r tai n ty.  T h i s  p r o p ag ati o n  o f e r r o r  c a n
b e  c a l c u l ate d  a n d  r e s u l ts  i n  a n e w n o r m a l  d i s tr i b u ti o n  wi th  a

g r e ate r  s tan d ar d  d e vi ati o n .  T h i s  c a n  b e  c al c u l a te d  fo r  a n y

H a z a r d  1

A

B

C

D

E

F

G

H

I

H a z a r d  2

H a z a r d  3

FI G U RE  A. 7 . 3 . 3 . 1 ( a)   P i p i n g fo r D e s i gn  Fac to r Te e  C o u n t
fo r E x am p l e  1 .

n u m b e r  o f te e s .  F o r  e x am p l e ,  th e  s tan d a r d  d e vi ati o n  fo r  a
s ys te m  wi th  e i g h t te e s  wo u l d  b e  0 . 0 6 0 8 .

F o r  th e  p u r p o s e  o f th i s  s tan d ar d ,  th e  u n c e r tai n ty fo r  th e
p r e d i c ti o n  fo r  a n  i n s ta l l e d  s ys te m  i s  l i m i te d  to  h avi n g  at l e as t

9 9  p e r c e n t o f th e  n o z z l e s  d e l i ve r  a t l e a s t 9 0  p e r c e n t o f th e
p r e d i c te d  ag e n t q u a n ti ty.  T h i s  i m p l i e s  n o t “ u s i n g  u p ”  m o r e

th a n  o n e -h a l f o f th e  2 0  p e r c e n t s a fe ty fac to r  fo r  9 9  p e r c e n t o f
th e  n o z z l e s .  F o r  a n o r m a l  d i s tr i b u ti o n  wi th  a  s tan d ar d  d e vi a ti o n
o f 0 . 0 6 0 8 ,  th e  ta i l  a r e a r e p r e s e n ti n g  1  p e r c e n t o f th e  s ys te m s

o c c u r s  at a n o r m al i z e d  m a s s  val u e  o f 0 . 8 5 9 .

I t i s  ap p ar e n t th a t signifcantly m o r e  th an  1  p e r c e n t o f th e
s ys te m s  wi l l  h ave  l e s s  th a n  9 0  p e r c e n t o f th e  p r e d i c te d  m a s s

d e l i ve r e d .  To  r e c ti fy th i s  s i tu ati o n ,  m o r e  a ge n t s h o u l d  b e  u s e d
i n  th e  s ys te m ,  wh i c h  wo u l d  m o ve  th e  e n ti r e  p r o b ab i l i ty c u r ve

u p .  T h e  q u a n ti ty o f ag e n t th a t wo u l d  n e e d  to  b e  ad d e d  i s  a s
fo l l o ws :

0 . 9 0  – 0 . 8 5 9  =  0 . 0 4 1 ,  o r  4 . 1  p e r c e n t

T h e  ad d i ti o n  o f 4 . 1  p e r c e n t m o r e  ag e n t wo u l d  e n s u r e  th at
9 9  p e r c e n t o f th e  n o z z l e s  d e l i ve r  a t l e as t 9 0  p e r c e n t o f th e

r e q u i r e d  m as s  o f ag e n t.

T h e  an a l ys i s  fo r  Tab l e  7 . 3 . 3 . 1  was  p e r fo r m e d  fo r  u p  to  1 9
te e s ,  2 0  n o z z l e s ,  i n  a  s ys te m .  [See Figure A. 7. 3. 3. 2(b) through

Figure A. 7. 3. 3. 2(g). ]

Δ A. 7 . 3 . 3 . 3    S o m e  a r e as  affe c te d  b y p r e s s u r e s  o th e r  th an  s e a  l e ve l
i n c l u d e  h yp e r b ar i c  e n c l o s u r e s ;  fac i l i ti e s  wh e r e  ve n ti l ati o n  fa n s
a r e  u s e d  to  c r e a te  artifcially h i g h e r  o r  l o we r  p r e s s u r e s ,  s u c h  a s

te s t c h a m b e r s ;  a n d  fac i l i ti e s  at a l ti tu d e s  a b o ve  o r  b e l o w s e a
l e ve l .  Al th o u g h  m i n e s  a r e  u s u al l y b e l o w n o r m al  gr o u n d  l e ve l s ,
th e y o c c as i o n al l y h a ve  to  b e  ve n ti l ate d  s o  th at p e r s o n n e l  c an

wo r k i n  th a t e n vi r o n m e n t.  Am b i e n t p r e s s u r e s  i n  th at s i tu a ti o n
c a n  b e  c o n s i d e r ab l y d i ffe r e n t fr o m  th o s e  e x p e c te d  b y a  p u r e
a l ti tu d e  c o r r e c ti o n .

H a z a r d  1
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E F
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H a z a r d  2

H a z a r d  3
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K

FI G U RE  A. 7 . 3 . 3 . 1 ( b )   P i p i n g fo r D e s i gn  Fac to r Te e  C o u n t
fo r E x am p l e  2 .
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M e a s u r e d  a g e n t  q u a n t i t y  ( n o r m a l i z e d  b y  
t h e  p r e d i c t e d  a g e n t  q u a n t i t y )

1 2

8

6

4

2

0

S t a n d a r d  d e v i a t i o n  fo r  a  2 - t e e  t e s t  =  0 . 0 3 0 4

FI G U RE  A. 7 . 3 . 3 . 2 ( a)   N o r m al  D i s tri b u ti o n  C u r ve .
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FI G U RE  A. 7 . 3 . 3 . 2 ( b )   D i s tri b u ti o n  C u r ve  N o .  1 .
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2 0 E x p e r i m e n t  s t a n d a r d  d e v i a t i o n  =  0 . 0 3 0 4
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FI G U RE  A. 7 . 3 . 3 . 2 ( c )   D i s tri b u ti o n  C u r ve  N o .  2 .
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FI G U RE  A. 7 . 3 . 3 . 2 ( d )   D i s tri b uti o n  C u r ve  N o .  3 .
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FI G U RE  A. 7 . 3 . 3 . 2 ( e )   D i s tri b u ti o n  C u r ve  N o .  4 .
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w o u l d  fa i l  ( 1  o f  6  

o r  7  t e s t s )

FI G U RE  A. 7 . 3 . 3 . 2 ( f)   D i s tri b u ti o n  C u r ve  N o .  5 .
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Al th o u gh  ad j u s tm e n ts  a r e  r e q u i r e d  fo r  b ar o m e tr i c  p r e s s u r e s
e q u i val e n t to  3 0 0 0  ft ( 9 1 5  m )  o r  m o r e  a b o ve  o r  b e l o w s e a  l e ve l ,
a d j u s tm e n ts  c an  b e  m a d e  fo r  an y am b i e n t p r e s s u r e  c o n d i ti o n .

T h e  a tm o s p h e r i c  c o r r e c ti o n  fa c to r  i s  n o t l i n e ar.  H o we ve r,  i n
th e  m o d e r a te  r a n ge  d i s c u s s e d ,  i t c an  b e  c l o s e l y a p p r o x i m a te d

wi th  two  l i n e s :

F o r  − 3 0 0 0  ft to  5 5 0 0  ft o f e q u i val e n t al ti tu d e :

Y X= − ×( ) +0 000036 1.

F o r  5 5 0 1  ft to  1 0 , 0 0 0  ft o f e q u i val e n t al ti tu d e :

Y X= − ×( ) +0 00003 0 96. .

wh e r e :
Y = c o r r e c ti o n  fa c to r
X = al ti tu d e  ( ft)

F o r  S I  u n i ts ,  1  ft =  0 . 3 0 5  m .

T h e  am b i e n t p r e s s u r e  i s  a ffe c te d  b y c h an g e s  i n  a l ti tu d e ,
p r e s s u r i z ati o n  o r  d e p r e s s u r i z ati o n  o f th e  p r o te c te d  e n c l o s u r e ,

an d  we ath e r-r e l a te d  b ar o m e tr i c  p r e s s u r e  c h an g e s .  T h e  d e s i g n
fac to r  to  a c c o u n t fo r  c a s e s  wh e r e  th e  p r e s s u r e  o f th e  p r o te c te d
h a z a r d  i s  d i ffe r e n t fr o m  atm o s p h e r i c  p r e s s u r e  i s  c o m p u te d  a s

th e  r ati o  o f th e  n o m i n a l  ab s o l u te  p re s s u r e  wi th i n  th e  h az ar d
d i vi d e d  b y th e  a ve r a ge  a tm o s p h e r i c  p r e s s u r e  a t s e a l e ve l
[ 1 4 . 7  p s i a/ ( 1  b ar ) ] .

A. 7 . 4    I n  e s ta b l i s h i n g  th e  h o l d  ti m e ,  d e s i g n e r s  an d  au th o r i ti e s
h a vi n g j u r i s d i c ti o n  s h o u l d  c o n s i d e r  th e  fo l l o wi n g  o r  o th e r

u n i q u e  fa c to r s  th a t c an  infuence  th e  p e r fo r m a n c e  o f th e
s u p p r e s s i o n  s ys te m :

( 1 ) Re s p o n s e  ti m e  o f tr a i n e d  p e r s o n n e l
( 2 ) S o u r c e s  o f p e r s i s te n t i gn i ti o n
( 3 ) E x c e s s i ve  e n c l o s u r e  l e a ka ge
( 4 ) S ys te m  e n c l o s u r e  ve n ti n g  r e q u i r e m e n ts
( 5 ) I n e r ti o n  an d  refash  h az ar d s
( 6 ) Wi n d d o wn  o f r o tati n g  e q u i p m e n t

 
[ A. 7 . 3 . 3 . 3 a]

 
[ A. 7 . 3 . 3 . 3 b ]
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FI G U RE  A. 7 . 3 . 3 . 2 ( g)   D i s tri b u ti o n  C ur ve  N o .  6 .

T h e  h o l d  ti m e  fo r  th e  d u r ati o n  o f p r o te c ti o n  s h o u l d  b e  suff‐
cient to  c o n tr o l  th e  i n i ti al  e ve n t a n d  al l o w fo r  s u p p o r t s h o u l d

r e s u r ge n c e  o c c u r  o n c e  th e  a ge n t h as  d i s s i p ate d .

E n e r g i z e d  e l e c tr i c al  e q u i p m e n t th a t c o u l d  p r o vi d e  a
p r o l o n ge d  i gn i ti o n  s o u r c e  s h o u l d  b e  d e -e n e r g i z e d  p r i o r  to  o r

d u r i n g a ge n t d i s c h ar g e .

I f e l e c tr i c a l  e q u i p m e n t c a n n o t b e  d e -e n e r g i z e d ,  c o n s i d e r a‐
ti o n  s h o u l d  b e  g i ve n  to  th e  u s e  o f e x te n d e d  ag e n t d i s c h ar g e ,

h i gh e r  i n i ti al  c o n c e n tr ati o n ,  an d  th e  p o s s i b i l i ty o f th e  fo r m a‐
ti o n  o f c o m b u s ti o n  an d  d e c o m p o s i ti o n  p r o d u c ts .  Ad d i ti o n al
te s ti n g c an  b e  n e e d e d  o n  s u p p r e s s i o n  o f e n e r g i z e d  e l e c tr i c al

e q u i p m e n t fres  to  d e te r m i n e  th e s e  q u an ti ti e s .
•

A. 7 . 5 . 1    T h e  o p ti m u m  d i s c h ar g e  ti m e  i s  a  fu n c ti o n  o f m an y
var i ab l e s ,  fve  o f wh i c h  ar e  ve r y i m p o r ta n t:

( 1 ) L i m i ta ti o n  o f d e c o m p o s i ti o n  p r o d u c ts
( 2 ) L i m i ta ti o n  o f fre  d am ag e  an d  i ts  e ffe c ts
( 3 ) E n h an c e d  a ge n t m i x i n g
( 4 ) L i m i ta ti o n  o f c o m p a r tm e n t o ve r p r e s s u r e
( 5 ) S e c o n d ar y n o z z l e  e ffe c ts

I t i s  e s s e n ti al  fo r  th e  e n d  u s e r  to  u n d e r s ta n d  th at b o th  th e
p r o d u c ts  o f c o m b u s ti o n  a n d  th e  d e c o m p o s i ti o n  p r o d u c ts
fo r m e d  fr o m  th e  s u p p r e s s i o n  ag e n t c o n tr i b u te  to  th e  to tal

th r e at to  l i fe  o r  as s e ts  as s o c i ate d  wi th  a  fre.

E s s e n ti al l y al l  fres  wi l l  p r o d u c e  c a r b o n  m o n o x i d e  an d
c a r b o n  d i o x i d e ,  an d  th e  c o n tr i b u ti o n  o f th e s e  p r o d u c ts  to  th e
to x i c  th r e at p o s e d  b y th e  fre  e ve n t i s  we l l  kn o wn .  I n  th e  c a s e  o f

l ar g e  fres,  th e  h i gh  te m p e r a tu r e s  c an  b y th e m s e l ve s  l e a d  to
l i fe - an d  as s e t-th r e a te n i n g c o n d i ti o n s .  I n  ad d i ti o n ,  m o s t fres
p r o d u c e  s m o ke ,  an d  i t i s  we l l  d o c u m e n te d  th at d a m a ge  to

s e n s i ti ve  as s e ts  c an  o c c u r  a t ve r y l o w l e ve l s  o f s m o ke .  D e p e n d ‐
i n g  u p o n  th e  p a r ti c u l a r  fu e l  i n vo l ve d ,  n u m e r o u s  to x i c  p r o d u c ts
o f c o m b u s ti o n  c a n  b e  p r o d u c e d  i n  a  fre  ( e . g . ,  H C l ,  H B r,  H F,

H C N ,  C O ) .

T h e  h al o g e n ate d  h yd r o c ar b o n  fre  e x ti n g u i s h i n g ag e n ts
d e s c r i b e d  i n  th i s  s tan d ar d  wi l l  b r e a k d o wn  i n to  th e i r  d e c o m p o ‐

s i ti o n  p r o d u c ts  wh e n  th e y a r e  e x p o s e d  to  a fre.  I t i s  e s s e n ti al
th at th e  e n d  u s e r  u n d e r s tan d  th i s  p r o c e s s ,  s i n c e  th e  s e l e c ti o n  o f
th e  d i s c h a r ge  ti m e  an d  o th e r  d e s i g n  fa c to r s  wi l l  b e  affe c te d  b y

th e  am o u n t o f d e c o m p o s i ti o n  p r o d u c ts  th e  p r o te c te d  h az ar d
c a n  to l e r a te .

T h e  c o n c e n tr ati o n  o f th e r m a l  d e c o m p o s i ti o n  p r o d u c ts  fr o m
a h al o g e n ate d  fre  s u p p r e s s i o n  a ge n t i s  d e p e n d e n t o n  s e ve r al
fa c to r s .  T h e  s i z e  o f th e  fre  a t th e  ti m e  o f s ys te m  ac ti vati o n  an d

th e  d i s c h a r ge  ti m e  o f th e  s u p p r e s s i o n  a ge n t p l a y m aj o r  r o l e s  i n
d e te r m i n i n g  th e  am o u n t o f d e c o m p o s i ti o n  p r o d u c ts  fo r m e d .
T h e  s m a l l e r  th e  fre,  th e  l e s s  e n e r gy ( h e at)  i s  avai l a b l e  to  c au s e

th e r m al  d e c o m p o s i ti o n  o f th e  s u p p r e s s i o n  a ge n t,  an d  h e n c e
th e  l o we r  th e  c o n c e n tr a ti o n  o f th e r m a l  d e c o m p o s i ti o n  p r o d ‐
u c ts .  T h e  s i z e  o f th e  fre  at th e  ti m e  o f s ys te m  ac ti va ti o n  i s

d e p e n d e n t u p o n  th e  fre  gr o wth  r ate ,  th e  d e te c to r  s e n s i ti vi ty,
an d  th e  s ys te m  d i s c h a r ge  d e l ay ti m e .  T h e  frst fac to r  i s  p r i m ar ‐
i l y a fu n c ti o n  o f th e  fu e l  typ e  a n d  g e o m e tr y,  wh e r e as  th e  l atte r

two  ar e  ad j u s ta b l e  c h ar ac te r i s ti c s  o f th e  fre  p r o te c ti o n  s ys te m .
T h e  d i s c h ar g e  ti m e  affe c ts  th e  p r o d u c ti o n  o f th e r m al  d e c o m ‐
p o s i ti o n  p r o d u c ts ,  b e c au s e  i t d e te r m i n e s  th e  e x p o s u r e  ti m e  to

th e  fre  o f s u b -e x ti n g u i s h i n g  c o n c e n tr ati o n s  o f th e  fre  s u p p r e s ‐
s i o n  ag e n t.  S u p p r e s s i o n  s ys te m s  h ave  tr ad i ti o n al l y e m p l o ye d  a

c o m b i n a ti o n  o f r a p i d  d e te c ti o n  a n d  r ap i d  d i s c h ar g e  to  l i m i t
b o th  th e  p r o d u c ti o n  o f th e r m al  d e c o m p o s i ti o n  p r o d u c ts  an d

d am ag e  to  as s e ts  b y p r o vi d i n g  r ap i d  fame  e x ti n g u i s h m e n t.
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T h e  e n c l o s u r e  vo l u m e  al s o  a ffe c ts  th e  c o n c e n tr a ti o n  o f th e r ‐
m al  d e c o m p o s i ti o n  p r o d u c ts ,  s i n c e  l a r ge r  vo l u m e s ,  th at i s ,
s m al l e r  fre-size-to-room-volume  r ati o s ,  wi l l  l e ad  to  d i l u ti o n  o f

d e c o m p o s i ti o n  p r o d u c ts .  Ad d i ti o n al  fac to r s  a ffe c ti n g th e
c o n c e n tra ti o n  o f th e r m al  d e c o m p o s i ti o n  p r o d u c ts  i n c l u d e
vap o r i z ati o n  a n d  m i x i n g o f th e  a ge n t,  th e  p r e -b u r n  ti m e ,  th e

p r e s e n c e  o f h o t s u r fac e s  o r  d e e p -s e ate d  fres,  an d  th e  s u p p r e s ‐
s i o n  a ge n t c o n c e n tr ati o n .

T h i s  d e c o m p o s i ti o n  i s s u e  i s  n o t u n i q u e  to  th e  n e w c l e an
h a l o g e n ate d  ag e n ts .  T h e  th e r m a l  d e c o m p o s i ti o n  p r o d u c ts

r e s u l ti n g  fr o m  th e  e x ti n g u i s h m e n t o f fres  wi th  H al o n  1 3 0 1
h a ve  b e e n  i n ve s ti ga te d  b y n u m e r o u s  a u th o r s  ( e . g . ,  F o r d ,  1 9 7 2 ,
a n d  C h o l i n ,  1 9 7 2 ) ,  an d  i t i s  we l l  e s ta b l i s h e d  th at th e  m o s t

i m p o r tan t H al o n  1 3 0 1  th e r m al  d e c o m p o s i ti o n  p r o d u c ts  fr o m
th e  s tan d p o i n t o f p o te n ti a l  to x i c i ty to  h u m a n s  o r  p o te n ti al
c o rr o s i o n  o f e l e c tr o n i c  e q u i p m e n t ar e  th e  h a l o g e n  ac i d s  H F

an d  H B r.  C o n c e n tr a ti o n s  o f a c i d  h al i d e s  p r o d u c e d  fr o m  H al o n
1 3 0 1  r an g i n g  fr o m  a  fe w p ar ts  p e r  m i l l i o n  to  o ve r  7 0 0 0  p p m  H F
a n d  H B r  h ave  b e e n  r e p o r te d ,  d e p e n d i n g  u p o n  th e  e x ac t
n a tu r e  o f th e  fre  s c e n a r i o  ( S h e i n s o n  e t al . ,  1 9 8 1 ) .  S m a l l e r

am o u n ts  o f ad d i ti o n al  d e c o m p o s i ti o n  p r o d u c ts  c an  b e
p r o d u c e d ,  d e p e n d i n g u p o n  th e  p ar ti c u l ar  c o n d i ti o n s  o f th e
fre.  U n d e r  c e r tai n  c o n d i ti o n s ,  th e r m al  d e c o m p o s i ti o n  o f

H al o n  1 3 0 1  i n  a fre  h a s  b e e n  r e p o r te d  to  p r o d u c e  s m a l l
a m o u n ts  o f c ar b o n yl  fuoride  ( C O F 2 ) ,  c ar b o n yl  b r o m i d e
( C O B r2 ) ,  an d  b ro m i n e  ( B r 2 ) ,  i n  a d d i ti o n  to  r e l a ti ve l y l ar g e
a m o u n ts  o f H F  an d  H B r.  N o te  th at al l  o f th e s e  p r o d u c ts  ar e
s u b j e c t to  r e l ati ve l y r ap i d  h yd ro l ys i s  to  fo r m  th e  a c i d  h a l i d e s  H F
a n d  H B r  ( C o tto n  an d  Wi l ki n s o n ,  1 9 8 0 ) ,  an d  h e n c e  th e s e  ac i d s

c o n s ti tu te  th e  p r o d u c t o f p r i m ar y c o n c e r n  fr o m  th e  s tan d p o i n t
o f p o te n ti a l  to x i c i ty o r  c o r r o s i o n .

As  was  th e  c as e  fo r  H al o n  1 3 0 1 ,  th e  th e r m a l  d e c o m p o s i ti o n
p r o d u c ts  o f p r i m ar y c o n c e r n  fo r  th e  h a l o ge n a te d  a ge n ts  d e ‐
s c r i b e d  i n  th i s  s ta n d ar d  a r e  th e  as s o c i ate d  h al o g e n  ac i d s ,  H F  i n

th e  c a s e  o f H F C s  a n d  P F C s ,  H F  a n d  H C l  i n  th e  c a s e  o f H C F C
ag e n ts ,  a n d  H F  an d  H I  i n  th e  c a s e  o f I -c o n ta i n i n g  a ge n ts .  As
was  th e  c a s e  fo r  H al o n  1 3 0 1 ,  s m a l l e r  am o u n ts  o f o th e r  d e c o m ‐

p o s i ti o n  p r o d u c ts  c an  b e  p r o d u c e d ,  d e p e n d i n g u p o n  th e
p ar ti c u l ar  c o n d i ti o n s  o f th e  fre.  I n  a  fre,  H F C  o r  P F C  a ge n ts
c a n  p o te n ti al l y p r o d u c e  s m al l  am o u n ts  o f c ar b o n yl  fuoride

( C O F2 ) .  H C F C  ag e n ts  c an  p o te n ti a l l y p r o d u c e  c ar b o n yl  fuo‐
ride  ( C O F 2 ) ,  c a r b o n yl  c h l o r i d e  ( C O C l 2 ) ,  an d  e l e m e n tal  c h l o r ‐
i n e  ( C l 2 ) ,  an d  I - c o n tai n i n g  c o m p o u n d s  c a n  p o te n ti al l y p r o d u c e
c a r b o n yl  fuoride  ( C O F 2 )  an d  e l e m e n tal  i o d i n e  ( I 2 ) .  Al l  o f

th e s e  p r o d u c ts  ar e  s u b j e c t to  r e l ati ve l y r ap i d  h yd r o l ys i s  ( C o tto n
an d  Wi l ki n s o n ,  1 9 8 0 )  to  p r o d u c e  th e  a s s o c i a te d  h a l o ge n  ac i d

( H F,  H C l ,  o r  H I ) ;  h e n c e ,  fr o m  th e  s ta n d p o i n t o f p o te n ti al
to x i c i ty to  h u m an s  o r  p o te n ti a l  c o r r o s i o n  o f e l e c tr o n i c  e q u i p ‐

m e n t,  th e  h al o g e n  ac i d s  a r e  th e  d e c o m p o s i ti o n  p r o d u c ts  o f
c o n c e r n .

T h e  d e p e n d e n c e  o f d e c o m p o s i ti o n  p r o d u c t fo r m ati o n  o n
th e  d i s c h ar g e  ti m e  a n d  fre  s i z e  h as  b e e n  e x te n s i ve l y e val u a te d
( S h e i n s o n  e t a l . ,  1 9 9 4 ;  B r o c kwa y,  1 9 9 4 ;  M o o r e  e t a l . ,  1 9 9 3 ;  B ac k

e t al . ,  1 9 9 4 ;  F o r s s e l l  an d  D i N e n n o ,  1 9 9 5 ;  D i N e n n o ,  1 9 9 3 ;
P u r s e r,  1 9 9 8 ;  a n d  D i e r d o r f e t al . ,  1 9 9 3 ) .  F i g u r e  A. 7 . 5 . 1 ( a )  i s  a
p l o t o f p e a k H F  c o n c e n tr ati o n  as  a  fu n c ti o n  o f th e  fre-size-to-
room-volume  r a ti o .  T h e  d a ta  e n c o m p as s  r o o m  s c al e s  o f 1 . 2  m 3

( 4 2  ft 3 )  to  9 7 2  m 3  ( 3 4 , 3 2 6  ft 3 ) .  T h e  5 2 6  m 3  r e s u l ts  ar e  fr o m  U . S .
C o as t Gu a r d  ( U S C G)  te s ti n g;  th e  9 7 2  m 3  r e s u l ts  ar e  b as e d  o n

N RL  te s ti n g.  T h e s e  fres  i n c l u d e  d i e s e l  an d  h e p tan e  p o o l  an d
s p r ay fres.  T h e  d e s i gn  c o n c e n tr a ti o n  i n  al l  c as e s  e x c e p t H C F C

B l e n d  A ( a t 8 . 6  p e r c e n t)  ar e  at l e as t 2 0  p e r c e n t a b o ve  th e  c u p
b u r n e r  val u e .  F o r  fres  wh e r e  th e  e x ti n g u i s h m e n t ti m e s  we r e

g r e ate r  th a n  1 7  s e c o n d s ,  th e  e x ti n gu i s h m e n t ti m e  i s  n o te d  i n
b r a c ke ts .  N o te  th a t e x c e s s i ve l y h i g h  e x ti n gu i s h m e n t ti m e s
( > 6 0  s e c o n d s ) ,  wh i c h  i s  ge n e r a l l y a n  i n d i c ati o n  o f i n ad e q u ate

a ge n t c o n c e n tr a ti o n s ,  yi e l d  q u al i tati ve l y h i gh  H F  c o n c e n tr a‐
ti o n s ;  H al o n  1 3 0 1  wi l l  yi e l d  b r o m i n e  a n d  h yd r o g e n  b r o m i d e  i n
ad d i ti o n  to  H F.

T h e  q u an ti ty o f H F  fo r m e d  i n  th e  te s ts  fo r  al l  th e  h al o c a r b o n
a ge n ts  te s te d  i s  a p p r o x i m a te l y th r e e  to  e i gh t ti m e s  h i g h e r  th an

th a t fo r m e d  fo r  H a l o n  1 3 0 1  ( wh i c h  a l s o  fo r m s  b r o m i n e  an d
h yd r o g e n  b r o m i d e ) .  I t i s  i m p o r tan t to  n o te  th a t as  p o i n te d  o u t
b y P e a tr o s s  an d  F o r s s e l l  ( 1 9 9 6 ) ,  i n  m a n y o f th e s e  l a r ge  fre

s c e n a r i o s  th e  l e ve l s  o f c o m b u s ti o n  p r o d u c ts  ( e . g. ,  C O )  a n d  th e
h i gh  te m p e r atu r e s  i n vo l ve d  m a ke  i t u n l i ke l y th at a  p e r s o n
c o u l d  s u r vi ve  l ar g e  fres  s u c h  a s  th e s e ,  i r r e s p e c ti ve  o f th e  H F

e x p o s u r e .  T h e  i o d i n e -c o n ta i n i n g ag e n t C F 3 I  was  n o t te s te d  i n
th e  U S C G  o r  N RL  s tu d i e s ,  b u t o th e r  d ata a va i l ab l e  o n  C F 3 I
i n d i c a te  th at i ts  p r o d u c ti o n  o f H F  i s  c o m p a r ab l e  to  th a t o f

H a l o n  1 3 0 1 .  I n  ad d i ti o n ,  e l e m e n tal  i o d i n e  ( I 2 )  i s  fo r m e d  fr o m
C F3 I .

T h e r e  m i g h t b e  d i ffe r e n c e s  b e twe e n  th e  var i o u s  H F C / H C F C
c o m p o u n d s  te s te d ,  b u t i t i s  n o t c l e ar  fr o m  th e s e  d ata wh e th e r
s u c h  d i ffe r e n c e s  e x i s t.  I n  a l l  th e  d ata r e p o r te d ,  th e  fre  s o u r c e s

— h e p ta n e  o r  d i e s e l  p an s  o f va r yi n g  s i z e s  — we r e  baffed  to
p r e ve n t d i r e c t i n te r ac ti o n  wi th  th e  a ge n t.

Wh i l e  th e  ab o ve  r e s u l ts  a r e  b as e d  o n  C l as s  B  fu e l s ,  fres
i n vo l vi n g s o m e  C l as s  A c o m b u s ti b l e s  p r o d u c e  l o we r  H F  c o n c e n ‐
tr ati o n s .  F o r  e x am p l e ,  h az ar d s  s u c h  as  th o s e  i n  e l e c tr o n i c  d a ta
p r o c e s s i n g  an d  te l e c o m m u n i c a ti o n  fac i l i ti e s  o fte n  r e s u l t i n  fre

s i z e s  o f l e s s  th an  1 0  kW at d e te c ti o n  ( M e ac h am ,  1 9 9 3 ) .  I n  m an y
c a s e s  i n  th e  te l e c o m m u n i c ati o n  i n d u s tr y,  d e te c ti o n  at fre  s i z e s
o f 1  kW i s  d e s i r e d  ( Gr o s s h a n d l e r,  1 9 9 8 ) .  S ka gg s  a n d  M o o r e

( 1 9 9 4 )  h a ve  p o i n te d  o u t th at fo r  typ i c a l  c o m p u te r  r o o m s  an d
offce  s p a c e s ,  th e  an a l ys i s  o f D i N e n n o  e t al .  ( D i N e n n o ,  1 9 9 3 )
e m p l o yi n g fre  gr o wth  m o d e l s  an d  te s t d a ta  i n d i c a te s  th a t th e r ‐

m a l  d e c o m p o s i ti o n  p r o d u c t c o n c e n tr ati o n s  fr o m  th e  h a l o ge n ‐
a te d  ag e n ts  wo u l d  b e  c o m p a r ab l e  to  th at fr o m  H a l o n  1 3 0 1 .

Te s ts  b y H u g h e s  As s o c i ate s ,  I n c .  ( 1 9 9 5 )  e val u ate d  th e  th e r ‐
m a l  d e c o m p o s i ti o n  p r o d u c ts  r e s u l ti n g  fr o m  th e  e x ti n g u i s h ‐

m e n t o f C l a s s  A fres  typ i c a l  o f th o s e  e n c o u n te r e d  i n
te l e c o m m u n i c a ti o n  an d  e l e c tr o n i c  d ata p r o c e s s i n g ( E D P )
fac i l i ti e s  b y H F C -2 2 7 e a.  T h e  te s t fu e l s  i n c l u d e d  s h r e d d e d

p ap e r,  P C  b o ar d s ,  P VC -c o a te d  wi r e  c a b l e s ,  an d  m ag n e ti c  tap e ,
r e p re s e n ti n g th e  m o s t c o m m o n  fu e l  s o u r c e s  e x p e c te d  to  b u r n
i n  a c o m p u te r  r o o m  e n vi r o n m e n t.  Al l  fres  we r e  e x ti n gu i s h e d

wi th  th e  m i n i m u m  d e s i g n  c o n c e n tr ati o n  o f 7  p e r c e n t
H F C -2 2 7 e a.  F i gu r e  A. 7 . 5 . 1 ( b )  ( P e atr o s s  a n d  F o r s s e l l ,  1 9 9 6 )
s h o ws  th e  H F  c o n c e n tr ati o n  r e s u l ti n g  fr o m  th e s e  te s ts .  Al s o

s h o wn  i n  F i g u r e  A. 7 . 5 . 1 ( b )  i s  th e  a p p r o x i m a te  m am m al i a n
m e d i an  l e th al  c o n c e n tr ati o n  ( L C 5 0 )  ( S ax ,  1 9 8 4 )  an d  th e
d an g e r o u s  to x i c  l o ad  ( D T L )  fo r  h u m an s  b as e d  o n  th e  an al ys i s

o f M e l d r u m  ( 1 9 9 3 ) .  As  s e e n  i n  F i gu r e  A. 7 . 5 . 1 ( b ) ,  th e  H F  l e ve l s
p r o d u c e d  i n  th e  c o m p u te r  r o o m  we re  b e l o w b o th  th e  e s ti m a‐
te d  m a m m a l i a n  L C 5 0  an d  D T L  c u r ve s .  P e a tr o s s  a n d  F o r s s e l l
( 1 9 9 6 ) ,  i n  th e i r  an a l ys i s  o f th e  te s t r e s u l ts ,  c o n c l u d e d  th a t
“ fr o m  an  e x a m i n ati o n  o f th e  H F  e x p o s u r e s ,  i t i s  e vi d e n t th a t

th i s  typ e  o f fre  d o e s  n o t p o s e  a to x i c  th r e at. ”  Al s o  s h o wn  i n
F i g u r e  A. 7 . 5 . 1 ( b )  a r e  H F  l e ve l s  p r o d u c e d  u p o n  e x ti n gu i s h m e n t
o f C l a s s  B  fres  o f var i o u s  s i z e s .  I n  th e  c a s e  o f th e s e  l ar g e  C l as s  B
fres,  H F  l e ve l s  i n  s o m e  c a s e s  c a n  b e  s e e n  to  e x c e e d  th e  h u m an

D T L .  I t i s  i m p o r ta n t to  n o te  th at,  as  p o i n te d  o u t b y P e a tr o s s
a n d  F o r s s e l l  ( 1 9 9 6 ) ,  i n  m an y o f th e s e  l ar g e  fre  s c e n a r i o s  th e
l e ve l s  o f c o m b u s ti o n  p r o d u c ts  ( e . g . ,  C O )  an d  th e  h i gh  te m p e r ‐
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atu r e s  i n vo l ve d  m ake  i t u n l i ke l y th a t a p e r s o n  c o u l d  s u r vi ve
l ar g e  fres  s u c h  a s  th e s e ,  i r r e s p e c ti ve  o f th e  H F  e x p o s u r e .

S o m e  a ge n ts ,  s u c h  a s  i n e r t ga s e s ,  wi l l  n o t fo r m  d e c o m p o s i ‐
ti o n  p r o d u c ts  an d  h e n c e  d o  n o t r e q u i r e  d i s c h a r ge  ti m e  l i m i ta‐
ti o n s  o n  th a t b as i s .  H o we ve r,  th e  i n c r e as e d  c o m b u s ti o n
p r o d u c ts  an d  o x yg e n  l e ve l  r e d u c ti o n  a s s o c i a te d  wi th  l o n ge r
d i s c h ar g e  ti m e s  s h o u l d  b e  c o n s i d e r e d .

Ag e n t m as s  fow r ate s  s h o u l d  b e  suffciently h i g h  to  c au s e
ad e q u ate  a ge n t m i x i n g a n d  d i s tr i b u ti o n  i n  th e  c o m p a r tm e n t.
I n  g e n e r al ,  th i s  p ar a m e te r  i s  d e te r m i n e d  b y th e  l i s ti n g  o f
s ys te m  h ar d war e .

O ve r p r e s s u r i z a ti o n  o f th e  p r o te c te d  c o m p a r tm e n t a l s o
s h o u l d  b e  c o n s i d e r e d  i n  d e te r m i n i n g m i n i m u m  d i s c h ar g e
ti m e .

O th e r  s e c o n d a r y fow e ffe c ts  o n  p e r s o n n e l  a n d  e q u i p m e n t
i n c l u d e  fo r m a ti o n  o f m i s s i l e s  c au s e d  b y ve r y h i g h  d i s c h ar g e
ve l o c i ti e s ,  h i gh e r  n o i s e  l e ve l s ,  l i fti n g c e i l i n g  p a n e l s ,  am o n g
o th e r s .  T h e  l i ke l i h o o d  o f th e s e  e ffe c ts  i n c r e a s e s  i f th e  m ax i ‐
m u m  d i s c h ar g e  ti m e  i s  s e t to o  l o w.

T h e  m a x i m u m  1 0 -s e c o n d  d i s c h a r ge  ti m e  g i ve n  i n  th i s  s tan d ‐
ar d  refects  a  r e a s o n a b l e  val u e  b a s e d  o n  e x p e r i e n c e  wi th  H al o n
1 3 0 1  s ys te m s .  T h e  m ax i m u m  an d  m i n i m u m  d i s c h ar g e  ti m e s
s h o u l d  refect c o n s i d e r a ti o n  o f th e  fa c to r s  p r e vi o u s l y d e s c r i b e d .

F o r  i n e r t g as e s ,  th e  m e as u r e d  d i s c h a r ge  ti m e  i s  c o n s i d e r e d
to  b e  th e  ti m e  wh e n  th e  m e a s u r i n g  d e vi c e  s ta r ts  to  r e c o r d
re d u c ti o n  o f o x yg e n  u n ti l  th e  d e s i gn  o x yg e n  r e d u c ti o n  l e ve l  i s
ac h i e ve d .

S ys te m s  d e s i gn e d  fo r  e x p l o s i o n  p r e ve n ti o n  p r e s e n t p ar ti c u ‐
l ar  d e s i g n  c h a l l e n g e s .  T h e s e  s ys te m s  typ i c al l y d i s c h a r ge  th e
age n t,  b e fo r e  i g n i ti o n  o c c u r s ,  o n  d e te c ti o n  o f s o m e  specifed

fr a c ti o n  o f th e  l o we r  fammable  l i m i t o f th e  fammable  va p o r s
p r e s e n t.

A. 7 . 5 . 1 . 1    T h e  m i n i m u m  d e s i gn  c o n c e n tr a ti o n  fo r  fame  e x ti n ‐
g u i s h m e n t i s  defned  i n  7 . 2 . 2  an d  i n c l u d e s  s afe ty fac to r s  fo r
b o th  C l as s  A ( s u r fac e  fres)  an d  C l as s  B  h az ar d s .  H o we ve r,

m a n y ap p l i c a ti o n s  i n vo l ve  th e  u s e  o f h i g h e r  th a n  n o r m al
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FI G U RE  A. 7 . 5 . 1 ( b )   H az ard  As s e s s m e n t o f H F
C o n c e n trati o n s .  E x ti n gu i s h m e n t o f Typ i c al  E D P  an d  C l as s  B
H az ard s  wi th  7  P e rc e n t H FC - 2 2 7 e a.
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E x t i n g u i s h m e n t  t i m e s  ( s e c o n d s )  a r e  g i ve n  i n  b r a c ke t s  fo r  f i r e s  t h a t  t o o k l o n g e r  t h a n  1 7  s e c o n d s  t o  e x t i n g u i s h .  
I f  m o r e  t h a n  o n e  f i r e  wa s  u t i l i z e d ,  t h e  l o n g e r  e x t i n g u i s h m e n t  t i m e  i s  g i ve n .

FI G U RE  A. 7 . 5 . 1 ( a)   P e ak  H F C o n c e n trati o n s .
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d e s i g n  c o n c e n tr ati o n s  fo r  fame  e x ti n g u i s h m e n t i n  o r d e r  to
ac c o m p l i s h  th e  fo l l o wi n g :

( 1 ) P r o vi d e  an  i n i ti al  c o n c e n tr ati o n  th a t wi l l  p a s s  m i n i m u m
h o l d i n g ti m e  r e q u i r e m e n ts

( 2 ) Al l o w h o t s u r fa c e s  to  c o o l  an d  th u s  p r e ve n t r e -i g n i ti o n
( 3 ) P r o vi d e  p r o te c ti o n  fo r  e l e c tr i c a l  e q u i p m e n t th at r e m ai n s

e n e r g i z e d
( 4 ) P r o vi d e  i n e r ti n g  c o n c e n tr a ti o n s  to  p r o te c t ag ai n s t th e

wo r s t-c as e  p o s s i b i l i ty o f e x p l o s i o n  o f g as  vap o r s ,  wi th o u t a
fre  d e ve l o p i n g

I n  th e  e x am p l e s  c i te d  i n  A. 7 . 5 . 1 . 1 ( 1 )  th r o u g h  A. 7 . 5 . 1 . 1 ( 4 ) ,  i t
i s  th e  i n te n t o f 7 . 5 . 1 . 1  to  a l l o w d i s c h ar g e  ti m e s  gr e a te r  th a n
1 0  s e c o n d s  fo r  h a l o c ar b o n  a ge n ts  a n d  g r e ate r  th a n  6 0  s e c o n d s
fo r  i n e r t g as  a ge n ts  ( fo r  th at p o r ti o n  o f th e  ag e n t m as s  th a t
e x c e e d s  th e  q u a n ti ty r e q u i r e d  to  a c h i e ve  th e  m i n i m u m  d e s i g n
c o n c e n tr a ti o n  fo r  fame  e x ti n g u i s h m e n t) .  T h e  a d d i ti o n al  q u an ‐
ti ty o f c l e a n  a ge n t i s  to  b e  i n tr o d u c e d  i n to  th e  h az ar d  a t th e
s a m e  n o m i n al  fow r a te  r e q u i r e d  to  a c h i e ve  th e  fame  e x ti n ‐
gu i s h i n g  d e s i g n  c o n c e n tr a ti o n ,  u s i n g th e  s am e  p i p i n g  an d
n o z z l e ( s )  d i s tr i b u ti o n  s ys te m ;  as  a n  al te r n a ti ve ,  s e p ar ate  p i p i n g
n e two r ks  wi th  d i ffe r e n t fow r ate s  c a n  b e  u s e d .

•
A.7.5.1 .3    F o r  th i r d -p a r ty l i s ti n g o r  ap p r o val  o f p r e -e n g i n e e r e d
s ys te m s  o r  fow c al c u l a ti o n  s o ftwar e  fo r  e n g i n e e r e d  s ys te m s  (see
6.2.1),  d i r e c t m e a s u r e m e n t o f th e  p o i n t i n  ti m e  at wh i c h
9 5  p e r c e n t o f th e  a ge n t m as s  i s  d i s c h ar g e d  fr o m  th e  n o z z l e  i s

n o t n e c e s s ar y to  s ati s fy c o m p l i a n c e  wi th  th e  i n te n t o f 7 . 5 . 1 . 3 .
F o r  s o m e  ag e n ts ,  th e  p o i n t i n  ti m e  at wh i c h  9 5  p e r c e n t o f th e
to tal  a ge n t m a s s  c o m i n g  fr o m  a  gi ve n  n o z z l e  i s  e x tr e m e l y diff‐
cult to  m e a s u r e .  Rath e r,  fo r  a  g i ve n  ag e n t,  a  s u r r o g ate  m e as u r e ‐

m e n t b as e d  o n  e n g i n e e r i n g  p r i n c i p l e s  c an  b e  u s e d .  F o r
i n s ta n c e ,  fo r  s o m e  h a l o c ar b o n  a ge n ts ,  th e  p o i n t i n  wh i c h  th e

a ge n t d i s c h ar g e  c h an g e s  fr o m  p r e d o m i n ate l y l i q u i d  to  ga s
r e p r e s e n ts  ap p r o x i m a te l y 9 5  p e r c e n t o f th e  ag e n t m as s  o u t o f
th e  n o z z l e  an d  h as  b e e n  p r e vi o u s l y u s e d  i n  th e  l i s ti n g / a p p r o val

te s ti n g fo r  d i s c h a r ge  ti m e .  F o r  l o w b o i l i n g  p o i n t a ge n ts ,  th e
p o i n t at wh i c h  th e  ag e n t d i s c h ar g e  c h an g e s  fr o m  p r e d o m i ‐
n ate l y l i q u i d  to  g as  m ay n o t b e  a p p r o p r i ate  b e c a u s e  th i s  c a n

o c c u r  b e fo r e  th e  p o i n t o f 9 5  p e r c e n t m as s  d i s c h a r ge d .  F o r  s u c h
ag e n ts ,  a  m e th o d  h a s  b e e n  d e ve l o p e d  th at u ti l i z e s  a n  e q u a ti o n
o f s tate  an d  m e as u r e d  c yl i n d e r  c o n d i ti o n s  fr o m  th e  p o i n t at

wh i c h  th e  a ge n t d i s c h a r ge  c h an g e s  fr o m  p r e d o m i n ate l y l i q u i d
to  ga s  to  c al c u l a te  an  a ge n t m as s  b a l a n c e  i n  th e  n e two r k o f
c yl i n d e r s  an d  p i p e s .  T h e  e x p e r i m e n tal  d i s c h ar g e  ti m e  i s  take n

a s  th e  p o i n t at wh i c h  th e  s u m m e d  c al c u l ate d  m as s  d i s c h ar g e d
fr o m  al l  n o z z l e s  e q u al s  9 5  p e r c e n t o f th e  a ge n t r e q u i r e d  to
ac h i e ve  m i n i m u m  d e s i gn  c o n c e n tr ati o n .

A.7.5.2    S p e c i al  atte n ti o n  s h o u l d  b e  p ai d  to  s afe ty a n d  h e a l th
i s s u e s  wh e n  e x te n d e d  d i s c h ar g e  s ys te m s  ar e  b e i n g  c o n s i d e r e d .

T h e  e ffe c t o f d e c o m p o s i ti o n  p r o d u c ts  o n  e l e c tr o n i c  e q u i p ‐
m e n t i s  a p o te n ti a l  ar e a  o f c o n c e r n .  Suffcient d a ta  at p r e s e n t

ar e  n o t avai l a b l e  to  p r e d i c t th e  e ffe c ts  o f a gi ve n  H F  e x p o s u r e
s c e n a r i o  o n  al l  e l e c tr o n i c  e q u i p m e n t.  S e ve r al  e val u ati o n s  o f th e

e ffe c t o f H F  o n  e l e c tr o n i c s  e q u i p m e n t h a ve  b e e n  p e r fo r m e d
r e l ati ve  to  th e  d e c o m p o s i ti o n  o f H al o n  1 3 0 1 ,  wh e r e  d e c o m p o s i ‐
ti o n  p r o d u c ts  i n c l u d e  H F  an d  H B r.  O n e  o f th e  m o r e  n o tab l e
was  a  N ati o n a l  Ae r o n au ti c s  an d  S p ac e  Ad m i n i s tr ati o n  ( N AS A)

s tu d y i n  wh i c h  th e  s p ac e  s h u ttl e  Orbiter’s e l e c tr o n i c s  we r e
e x p o s e d  to  7 0 0 ,  7 0 0 0 ,  a n d  7 0 , 0 0 0  p p m  H F  a n d  H B r  ( P e d l e y,
1 9 9 5 ) .  I n  th o s e  te s ts ,  e x p o s u r e s  u p  to  7 0 0  p p m  H F  an d  H B r

c a u s e d  n o  fa i l u r e s .  At 7 0 0 0  p p m ,  s e ve r e  c o r r o s i o n  was  n o te d ,
an d  th e r e  we r e  s o m e  o p e r ati n g  fa i l u r e s .

D u m ayas  ( 1 9 9 2 )  e x p o s e d  I B M -P C  c o m p ati b l e  m u l ti fu n c ti o n
c a r d s  to  e n vi r o n m e n ts  p r o d u c e d  b y a r an g e  o f fre  s i z e s  a s  p a r t
o f an  e val u a ti o n  p r o gr a m  o n  h al o n  a l te r n ati ve s .  H e  fo u n d  n o

l o s s  o f fu n c ti o n  o f th e  b o ar d s  fo l l o wi n g  a  1 5 -m i n u te  e x p o s u r e
to  post–fre  e x ti n g u i s h m e n t a tm o s p h e r e  u p  to  5 0 0 0  p p m  H F,
wi th  u n c o n d i ti o n e d  s a m p l e s  s to r e d  at a m b i e n t h u m i d i ty an d

te m p e r a tu r e  c o n d i ti o n s  fo r  u p  to  3 0  d a ys .  F o r s s e l l  e t al .  ( 1 9 9 4 )
e x p o s e d  m u l ti fu n c ti o n  b o ar d s  fo r  3 0  m i n u te s  i n  th e  post–fre
e x ti n g u i s h m e n t e n vi r o n m e n t;  n o  fa i l u r e s  we r e  r e p o r te d  u p  to

9 0  d a ys  p o s t-te s t.  H F  c o n c e n tr ati o n s  u p  to  5 5 0  p p m  we r e  e va l u ‐
a te d .

Wh i l e  n o  g e n e r i c  r u l e  o r  s tate m e n t c a n  b e  m a d e  at th i s  ti m e ,
i t ap p e ar s  th at s h o r t-te r m  d a m ag e  ( < 9 0  d a ys )  r e s u l ti n g  i n  e l e c ‐
tr o n i c  e q u i p m e n t m a l fu n c ti o n  i s  n o t l i ke l y fo r  e x p o s u r e s  u p  to

5 0 0  p p m  H F  fo r  u p  to  3 0  m i n u te s .  T h i s  d am ag e ,  h o we ve r,  i s
d e p e n d e n t o n  th e  c h a r ac te r i s ti c s  o f th e  e q u i p m e n t e x p o s e d ,
p o s t-e x p o s u r e  tr e atm e n t,  e x p o s u r e  to  o th e r  c o m b u s ti o n  p r o d ‐

u c ts ,  an d  r e l ati ve  h u m i d i ty.  I m p o r tan t e q u i p m e n t c h ar a c te r i s ‐
ti c s  i n c l u d e  i ts  l o c ati o n  i n  th e  s p ac e ,  e x i s te n c e  o f e q u i p m e n t
e n c l o s u r e s ,  a n d  th e  s e n s i ti vi ty o f th e  e q u i p m e n t to  d am ag e .

E x te n d e d  d i s c h ar g e  a p p l i c a ti o n s  i n h e r e n tl y h ave  a  p e r fo r m ‐
a n c e  o b j e c ti ve  o f m a i n tai n i n g th e  a ge n t c o n c e n tr a ti o n  at o r

ab o ve  th e  d e s i gn  c o n c e n tr a ti o n  wi th i n  th e  e n c l o s u r e .  T h i s
o b j e c ti ve  i s  val i d  i f th e r e  i s  m i x i n g  o f a ge n t c o n ti n u a l l y i n  th e

e n c l o s u r e  d u r i n g th e  h o l d  p e r i o d ,  an d  th e  e n c l o s u r e  th e r e b y
e x p e r i e n c e s  a d e c ayi n g  c o n c e n tr a ti o n  o ve r  ti m e  as  o p p o s e d  to
a d e s c e n d i n g  i n te r fa c e .  T h e  ap p l i c ati o n  o f a ge n t s h o u l d  b e

d o n e  wi th  suffcient tu r b u l e n c e  to  a c c o m p l i s h  m i x i n g o f th e
ad d i ti o n al  ag e n t th r o u gh o u t th e  e n c l o s u r e .  To  ac c o m p l i s h  th i s ,
th e  e x te n d e d  d i s c h ar g e  p r o b ab l y wi l l  n e e d  to  b e  p e r fo r m e d

th r o u g h  a  s e p ar ate  n e two r k o f p i p i n g an d  n o z z l e s .  T h e s e
s ys te m s  a r e  o u ts i d e  th e  s c o p e  o f c u r r e n t d e s i g n  r e q u i r e m e n ts
an d  te s ti n g  p r o c e d u r e s  fo r  to tal  fooding  s ys te m s .  S ys te m s

s h o u l d  b e  d e s i gn e d  a n d  fu l l y d i s c h ar g e  te s te d  o n  a c a s e -b y-c a s e
b a s i s  u n ti l  th e  b o d y o f kn o wl e d g e  i s  suffcient e n o u g h  to  b e
ad d r e s s e d  specifcally i n  th i s  s tan d a r d .

A.8.1 .3    L o c al  c o n c e n tr ati o n s  o f a ge n t i n  th e  vi c i n i ty o f th e
d i s c h ar g e  o fte n  wi l l  e x c e e d  th e  m ax i m u m  p e r m i tte d  e x p o s u r e

l i m i ts  d e s c r i b e d  i n  S e c ti o n  4 . 3 .

C o n s i d e r a ti o n  fo r  e x p o s u r e  to  a ge n t d i s c h ar g e  fr o m  l o c al
ap p l i c a ti o n  s ys te m s  var i e s  g r e atl y a n d  m a y b e  m o r e  c o m p l i c a‐
te d  th an  th a t fo r  to tal  fooding  s ys te m s ,  d e p e n d i n g  o n  th e

fo l l o wi n g :

( 1 ) Qu an ti ty o f a ge n t r e l e a s e d
( 2 ) T i m e  n e e d e d  to  e x ti n gu i s h  th e  fre
( 3 ) S i z e  o f th e  r o o m  o r  e n c l o s u r e  i n  wh i c h  th e  fre  o c c u r s
( 4 ) S i z e  o f th e  fre
( 5 ) P r o x i m i ty o f th e  p e r s o n  to  th e  p o i n t o f d i s c h a r ge  o f th e

a ge n t
( 6 ) Ra te  at wh i c h  fr e s h  a i r  infltrates  th e  s p a c e
( 7 ) Ai r  e x c h an g e  r ate  n e a r  th e  fre

O n e  ap p r o ac h  to  a s s e s s  c o n s u m e r  e x p o s u r e  i s  to  e m p l o y a
“ b o x  m o d e l , ”  wh i c h  h as  b e e n  wi d e l y u s e d  fo r  m an y ye ar s  to  e s ti ‐
m a te  p r o b a b l e  e x p o s u r e s  o f wo r ke r s  to  h a z a r d o u s  a i r b o r n e

m a te r i al s ,  an d  h a s  b e e n  d e s c r i b e d  i n  d e ta i l  b y th e  N a ti o n al
I n s ti tu te  fo r  O c c u p a ti o n al  S afe ty a n d  H e al th  ( N I O S H ) .  T h e
b o x  m o d e l  take s  i n to  c o n s i d e r a ti o n  as s u m p ti o n s  o n  th e  vo l u m e

o f th e  s p a c e  i n  wh i c h  th e  e x ti n gu i s h an t i s  u s e d ,  th e  r ate  a t
wh i c h  fr e s h  a i r  infltrates  th e  s p ac e ,  th e  q u a n ti ty an d  r a te  o f
ag e n t r e l e as e ,  th e  ar e a  o f th e  fre,  th e  l o c a ti o n  o f th e  wo r ke r,

a n d  th e  ai r  e x c h a n ge  r ate  i n  th e  vi c i n i ty o f th e  fre.  Va l u e s



AN N E X  A 2001-101

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

o b tai n e d  th r o u g h  th e  b o x  m o d e l ,  c o m p a r e d  to  c a r d i o to x i c
N O AE L / L O AE L  va l u e s ,  p r o vi d e  a  s c r e e n  fo r  a s s e s s i n g  r i s k.

I t s h o u l d  b e  n o te d  th a t b e c au s e  th e  m o d e l  c an  o ve r s tate  th e
ac tu al  e x p o s u r e  to  an  ag e n t,  i t m i gh t b e  n e c e s s a r y to  c o n d u c t
p e r s o n al  m o n i to r i n g te s ts  i n  ac tu al -u s e  s c e n ar i o s  i n  o r d e r  to
c o m p l e te  th e  a s s e s s m e n t.

A.8.4.1 .1    T h e  m ax i m u m  p e r m i tte d  ti m e  fo r  fre  e x ti n g u i s h ‐
m e n t i s  b as e d  u p o n  e x ti n gu i s h i n g  ag e n t b e i n g  p r e s e n t a t th e
d i s c h ar g e  n o z z l e .  F o r  h a l o c ar b o n  ag e n ts ,  th i s  typ i c a l l y i s  i d e n ti ‐
fed  wi th  e i th e r  a p r e s s u r e  at th e  n o z z l e  o f 2 5  p s i  ( 1 . 7  b ar )  o r
ra te  o f p r e s s u r e  i n c r e as e  o f 1 1  p s i / s e c  ( 0 . 8  b a r / s e c ) .  T h e  ti m e s
fo r  te s t fres  to  b e  e x ti n g u i s h e d  ar e  fr o m  th i s  r e fe r e n c e  p o i n t.

A.8.4.1 .2    T h e  m ax i m u m  p e r m i tte d  ti m e  fo r  fre  e x ti n g u i s h ‐
m e n t i s  b as e d  u p o n  e x ti n gu i s h i n g  ag e n t b e i n g p r e s e n t a t th e
d i s c h ar g e  n o z z l e .  Typ i c al l y fo r  i n e r t ga s  a ge n ts ,  th i s  i s  identifed
wi th  e i th e r  a p r e s s u r e  a t th e  n o z z l e  o f 2 0 0  p s i  ( 1 3 . 8  b a r )  o r  r a te
o f p r e s s u r e  i n c r e as e  o f 6 0 0  p s i / s e c  ( 4 1 . 4  b a r / s e c ) .  T h e  ti m e s
fo r  te s t fres  to  b e  e x ti n gu i s h e d  ar e  fr o m  th i s  r e fe r e n c e  p o i n t.

A.8.4.1 .3    T h e  n o z z l e  l i s ti n g e va l u a ti o n  s h o u l d  c o n s i d e r  a p p l i ‐
c a ti o n  o n  fu e l s ,  i n c l u d i n g  s o l i d s  an d  fammable  l i q u i d s ;  o r i e n ‐
ta ti o n  a n d  an g l e  o f d i s c h ar g e ;  i n te n d e d  ar e a o f c o ve r ag e  an d
th e  r e l a te d  d i s ta n c e  fr o m  fre;  an d  e x ti n gu i s h m e n t ti m e  an d
th e  r e l ate d  d i s c h ar g e  r ate .  Te s ti n g o f fammable  l i q u i d s  o f
ap p r e c i ab l e  d e p th  ( o ve r  1 ∕4  i n . )  wi l l  c o n s i d e r  e val u a ti o n  o f
s p l as h  a n d  e x ti n gu i s h m e n t.  T h e  e val u a ti o n  fo r  s p l as h  wi l l  b e  a t

m a x i m u m  r ate s  o f fow fr o m  m i n i m u m  p r e s s u r e  l o s s  i n  th e
p i p i n g  l i m i tati o n s  an d  m ax i m u m  o p e r a ti n g te m p e r atu r e  o f th e
s ys te m .  T h e  e val u ati o n  fo r  e x ti n gu i s h m e n t wi l l  b e  at m i n i m u m

r ate s  o f fow fr o m  m a x i m u m  p r e s s u r e  l o s s  i n  th e  p i p i n g  l i m i ta‐
ti o n s  an d  m i n i m u m  o p e r ati n g  te m p e r atu r e  o f th e  s ys te m .

A.8.4.3.3    T h e  m ax i m u m  te m p e r atu r e  o f a b u r n i n g  l i q u i d  fu e l
i s  l i m i te d  b y i ts  b o i l i n g  p o i n t wh e r e  e va p o r ati ve  c o o l i n g
m a tc h e s  th e  h e a t i n p u t.  I n  m o s t l i q u i d s ,  th e  au to -i gn i ti o n

te m p e r a tu r e  i s  far  a b o ve  th e  b o i l i n g te m p e r atu r e ,  s o  th at r e -
i gn i ti o n  afte r  e x ti n g u i s h m e n t c an  b e  c au s e d  o n l y b y an  e x te r ‐
n a l  i gn i ti o n  s o u r c e .  H o we ve r,  a  fe w l i q u i d s  h ave  au to -i gn i ti o n

te m p e r a tu r e s  th at a r e  m u c h  l o we r  th an  th e i r  b o i l i n g  te m p e r a‐
tu r e s .  C o m m o n  c o o ki n g o i l s  an d  m e l te d  paraffn  wa x  h ave  th i s
p r o p e r ty.  To  p r e ve n t r e -i gn i ti o n  i n  th e s e  m a te r i al s ,  i t i s  n e c e s ‐

s a r y to  m a i n tai n  an  e x ti n gu i s h i n g  a tm o s p h e r e  u n ti l  th e  fu e l  h a s
c o o l e d  b e l o w i ts  au to -i gn i ti o n  te m p e r a tu r e .

A.8.5.1    Ar e as  th a t r e q u i r e  m u l ti p l e  n o z z l e s  s h o u l d  b e  c o n s i d ‐
e r e d  as  p ar t o f th e  l i s ti n g .

A.8.5.2    N o z z l e s  s h o u l d  b e  l o c a te d  s o  th at th e y d o  n o t i n te r fe r e
wi th  n o r m al  o p e r ati o n s  an d  m ai n te n a n c e  i n  th e  h az ar d  ar e a.

•
A.9.1    T h e  F S S A Application Guide Detection & Control for Fire
Suppression Systems o ffe r s  th e  d e s i g n e r  i n fo r m ati o n  o f th e  var i ‐
o u s  typ e s  o f d e te c ti o n  an d  c o n tr o l  e q u i p m e n t.

A.9.1 .1 .5    An y o u tp u t o r  r e l ay ( d r y c o n tac t o u tp u t)  fr o m  th e
p r o te c te d  p r e m i s e s  b u i l d i n g  fre  al a r m  p an e l  o r  a n o th e r  d e te c ‐
ti o n  s ys te m  n o t l i s te d  wi th  th e  specifc  c l e a n  a ge n t s u p p r e s s i o n
s ys te m  r e l e as i n g d e vi c e  s h o u l d  n o t b e  u s e d  to  d i r e c tl y r e l e a s e
th e  s ys te m .

A.9.1 .3    P a r ag r ap h  9 . 1 . 3  d o e s  n o t p r e c l u d e  th e  u s e  o f l i s te d
wi r e l e s s  i n i ti a ti n g d e vi c e s .  T h e  u s e  o f r a c e ways  i s  i n te n d e d  to
p r o te c t a ga i n s t p h ys i c a l  d a m ag e  to  c i r c u i t wi r i n g.

A.9.2.1    T h e  d e te c ti o n  s ys te m  s e l e c ti o n  p r o c e s s  s h o u l d  e va l u a te
th e  am b i e n t e n vi r o n m e n ta l  c o n d i ti o n  i n  d e te r m i n i n g  th e

ap p r o p r i a te  d e vi c e  a n d  s e n s i ti vi ty i n  o r d e r  to  p r e ve n t u n wa n te d
d i s c h ar g e s  wh i l e  s ti l l  p r o vi d i n g th e  n e c e s s ar y e ar l i e s t a c tu a ti o n .
I n  h i gh  a i r  fow e n vi r o n m e n ts ,  a i r-s am p l i n g  d e te c ti o n  d e vi c e s

s h o u l d  b e  c o n s i d e r e d .

D e te c to r s  i n s tal l e d  a t th e  m a x i m u m  s p a c i n g  a s  l i s te d  o r
a p p r o ve d  fo r  fre  al ar m  u s e  c an  r e s u l t i n  e x c e s s i ve  d e l ay i n

ag e n t r e l e a s e ,  e s p e c i al l y wh e r e  m o r e  th a n  o n e  d e te c ti o n  d e vi c e
i s  r e q u i r e d  to  b e  i n  a l a r m  b e fo r e  a u to m a ti c  a c tu a ti o n  r e s u l ts .

Wh e r e  th e r e  i s  a  r i s k o f a  fammable  a tm o s p h e r e  b e i n g
fo r m e d ,  th e  s p a c i n g  an d  s i ti n g  o f fammable  vap o r  d e te c to r s

s h o u l d  b e  c ar e fu l l y c o n s i d e r e d  to  a vo i d  e x c e s s i ve  d e l ay i n  ag e n t
r e l e as e .

•
N A.9.2.2    O n e  g o a l  o f th i s  an a l ys i s  i s  to  l i m i t th e  d e c o m p o s i ti o n

p r o d u c ts  fr o m  a s u p p r e s s i o n  e ve n t wh e r e  h al o c a r b o n  a ge n ts
a r e  u s e d .

N A.9.3.3    E x am p l e s  o f e l e c tr i c al  fu n c ti o n s  i n c l u d e  s h u td o wn
fu n c ti o n s  an d  c o n tr o l  p an e l  a c tu ati o n .

Δ A.9.4.10.1    NFPA 72,  1 4 . 2 . 6 . 4 ,  r e q u i r e s  th at “ S u p p r e s s i o n
s ys te m s  s h al l  b e  s e c u r e d  fr o m  i n ad ve r te n t ac tu ati o n ,  i n c l u d i n g
d i s c o n n e c ti o n  o f r e l e as i n g  s o l e n o i d s  o r  e l e c tr i c  a c tu ato r s ,  c l o s ‐

i n g  o f val ve s ,  o th e r  ac ti o n s ,  o r  c o m b i n a ti o n s  th e r e o f,  fo r  th e
specifc  s ys te m ,  fo r  th e  d u r ati o n  o f th e  fre  a l ar m  s ys te m  te s t‐
i n g. ”

C l e a n  a ge n t s ys te m s  g e n e r al l y h ave  a d e vi c e  atta c h e d  to  o n e
o r  m o r e  ag e n t s to r ag e  c o n tai n e r  d i s c h ar g e  va l ve s  th a t,  u p o n

s i gn a l  fr o m  th e  fre  s ys te m  r e l e as i n g  c o n tr o l  u n i t,  c a u s e s  th e
d i s c h ar g e  val ve ( s )  to  o p e r a te  to  r e l e a s e  th e  ag e n t.  T h e  d e vi c e  i s
r e fe r r e d  to  a s  an  e l e c tr i c  ac tu ato r.  T h e s e  a c tu ato r s  a r e  typ i c al l y

e i th e r  a  s o l e n o i d  o p e r ate d  d e vi c e  o r  a s q u i b  o p e r a te d  d e vi c e .

D u r i n g  s ys te m  m a i n te n an c e ,  i t i s  a c o m m o n  p r o c e d u r e  to
r e m o ve  th e  s o l e n o i d  o p e r ate d  a c tu ato r s  fr o m  th e  a ge n t s to r ag e
c o n tai n e r  d i s c h ar g e  val ve  to  p r e ve n t a c c i d e n tal  d i s c h a r ge  o f

th e  s ys te m  an d  p e r m i t fu n c ti o n al  te s ti n g o f th e  ac tu a to r.  S o m e
s ys te m s  th a t i n c o r p o r a te  s e l e c to r  val ve s  al s o  h a ve  e l e c tr i c  ac tu a‐
to r s  atta c h e d  to  th e  s e l e c to r  va l ve s  to  c o n tr o l  th e i r  o p e r ati o n  b y

e l e c tr i c a l  s i g n al  fr o m  th e  c o n tr o l  p a n e l .  T h e s e  e l e c tr i c  ac tu a‐
to r s  m i g h t a l s o  n e e d  to  b e  r o u ti n e l y r e m o ve d  fr o m  th e i r  s e l e c ‐
to r  va l ve s  d u r i n g m ai n te n a n c e .

S i n c e  th e  e l e c tr i c al  c o n n e c ti o n  b e twe e n  th e  s o l e n o i d  an d
th e  s ys te m  c o n tr o l  p an e l  i s  n o t b r o ke n  b y th i s  m ai n te n a n c e

p r o c e d u r e ,  s p e c i a l  p r o vi s i o n  i s  r e q u i r e d  to  p r o vi d e  an  i n d i c a‐
ti o n  o f s ys te m  i m p ai r m e n t at th e  r e l e as i n g  c o n tr o l  p an e l  wh e n
th e  e l e c tr i c  ac tu ato r  i s  p h ys i c al l y r e m o ve d  fr o m  th e  val ve  i t

c o n tr o l s .  T h e r e  h a ve  b e e n  n u m e r o u s  r e p o r ts  o f s ys te m s  i n ad ‐
ve r te n tl y l e ft d i s ab l e d  afte r  m ai n te n a n c e  b e c a u s e  th e  te c h n i ‐
c i an  fa i l e d  to  r e i n s ta l l  th e  a c tu ato r  o n  i ts  val ve .  F o r tu n a te l y i n

al l  r e p o r te d  c as e s ,  th e  i m p a i r m e n t wa s  d i s c o ve r e d  b e fo r e  th e
s ys te m  was  r e q u i r e d  to  o p e r ate ,  an d  o n l y s u c c e s s fu l  e x ti n g u i s h ‐
m e n ts  h ave  b e e n  r e p o r te d  — n o  fai l u r e s  to  o p e r a te  u n d e r  fre

c o n d i ti o n s  h a ve  c o m e  to  th e  atte n ti o n  o f th e  te c h n i c a l  c o m m i t‐
te e  r e s p o n s i b l e  fo r  th i s  s ta n d ar d .

S q u i b  ac tu a to r s  a r e  c o ve r e d  b y th i s  r e q u i r e m e n t o n l y i f th e
m a n u fac tu r e r ’ s  m ai n te n a n c e  i n s tr u c ti o n  r e q u i r e s  p h ys i c al

r e m o val  o f th e  s q u i b  o p e r a te d  d e vi c e  fr o m  th e  va l ve  i t c o n tr o l s .
•
N A.9.4.13    C r i m p i n g a n d  m e c h a n i c al  d a m a ge  c an  r e s u l t i n  l o s s

o f i n te g r i ty i n  th e  p n e u m ati c  c o n tr o l  tu b i n g.  Wh e r e  i n s tal l a‐
ti o n s  o f p n e u m a ti c  c o n tr o l  e q u i p m e n t c o u l d  b e  e x p o s e d  to

c o n d i ti o n s  th a t c o u l d  l e ad  to  l o s s  o f i n te gr i ty o f th e  p n e u m a ti c
l i n e s ,  s p e c i al  p r e c au ti o n s ,  s u c h  as  r o u ti n g th e  l i n e s  th r o u g h  a
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p r o te c ti ve  e n c l o s u r e  ( e . g. ,  c o n d u i t) ,  s h o u l d  b e  ta ke n  to  e n s u r e
th a t n o  l o s s  o f i n te g r i ty wi l l  o c c u r.

N A.9.5.2    NFPA 72 r e q u i r e s  au d i b l e  an d  vi s u al  ap p l i an c e s ,  as  a
m i n i m u m .  O th e r  s e n s o r y d e vi c e  typ e s  c o u l d  b e  n e c e s s a r y,
d e p e n d i n g  o n  l o c a l  c o n d i ti o n s  o r  o c c u p a n t a c c e s s i b i l i ty
r e q u i r e m e n ts .

A.9.7.2    H a z a r d s  as s o c i a te d  wi th  fas t-gr o wth  fres  wo u l d
i n c l u d e ,  b u t n o t b e  l i m i te d  to ,  fammable  l i q u i d  s to r ag e  o r
tr a n s fe r  ar e a s  a n d  ae r o s o l  flling  a r e as .

A.9.8    Ac c i d e n tal  d i s c h ar g e  c an  b e  a signifcant fac to r  i n
u n wa n te d  c l e a n  a ge n t e m i s s i o n s .  E q u i p m e n t l o c ko u t o r  s e r vi c e
d i s c o n n e c ts  c a n  b e  i n s tr u m e n tal  i n  p r e ve n ti n g fal s e  d i s c h ar g e s
wh e n  th e  c l e a n  ag e n t s ys te m  i s  b e i n g  te s te d  o r  s e r vi c e d .  I n
ad d i ti o n ,  s e r vi c i n g  o f ai r-c o n d i ti o n i n g s ys te m s  wi th  th e  r e l e a s e
o f r e fr i ge r a n t a e r o s o l s ,  s o l d e r i n g,  o r  tu r n i n g  e l e c tr i c  p l e n u m
h e ate r s  o n  fo r  th e  frst ti m e  a fte r  a l o n g  p e r i o d  o f i d l e n e s s
c o u l d  tr i p  th e  c l e a n  ag e n t s ys te m .  Wh e r e  u s e d ,  an  e q u i p m e n t
d i s c o n n e c t s wi tc h  s h o u l d  b e  o f th e  ke ye d -a c c e s s  typ e  i f e x te r n al
to  th e  c o n tr o l  p an e l ,  o r  i t c a n  b e  o f th e  to g g l e  typ e  i f wi th i n  th e
l o c ke d  c o n tr o l  p a n e l .  E i th e r  typ e  s h o u l d  an n u n c i ate  at th e
p an e l  wh e n  i n  th e  o u t-o f- s e r vi c e  m o d e .  Wr i tte n  p r o c e d u r e s
s h o u l d  b e  e s tab l i s h e d  fo r  ta ki n g th e  c l e a n  ag e n t s ys te m  o u t o f
s e r vi c e .  C ar e  s h o u l d  b e  ta ke n  to  th o r o u g h l y e val u ate  an d
c o r r e c t a n y fac to r s  th a t c o u l d  r e s u l t i n  u n wan te d  d i s c h a r ge s .

N A.9.8.3    I f th e  ke y r e m a i n s  wi th  th e  s wi tc h ,  th e  s u p p r e s s i o n
s ys te m  c an  b e  q u i c kl y r e tu r n e d  to  th e  o p e r ati o n al  c o n d i ti o n  i n
th e  e ve n t o f a  fre.

A.10.1    S afe ty s h o u l d  b e  a  p r i m e  c o n c e r n  d u r i n g  i n s ta l l a ti o n ,
s e r vi c e ,  m a i n te n an c e ,  te s ti n g,  h an d l i n g,  an d  r e c h a r gi n g o f
c l e an  a ge n t s ys te m s  a n d  a ge n t c o n ta i n e r s .  O n e  o f th e  m aj o r
c a u s e s  o f p e r s o n n e l  i n j u r y an d  p r o p e r ty d am a ge  i s  attr i b u te d  to
th e  i m p r o p e r  h an d l i n g  o f a ge n t c o n ta i n e r s  b y p e r s o n n e l .  I n
th e  i n te r e s t o f s afe ty an d  to  m i n i m i z e  th e  p o te n ti al  fo r  p e r s o n ‐
n e l  i n j u r y an d  p r o p e r ty d am ag e ,  th e  fo l l o wi n g  g u i d e l i n e s
s h o u l d  b e  ad h e r e d  to :

( 1 ) I f an y wo r k i s  to  b e  p e r fo r m e d  o n  th e  fre  e x ti n g u i s h i n g
s ys te m ,  qualifed  fre  s e r vi c e  p e r s o n n e l ,  tr a i n e d  an d  e x p e ‐
r i e n c e d  i n  th e  typ e  o f e q u i p m e n t i n s ta l l e d ,  s h o u l d  b e

e n ga ge d  to  d o  th e  wo r k.
( 2 ) P e r s o n n e l  i n vo l ve d  wi th  fre  e x ti n gu i s h i n g  s ys te m

c o n tai n e r s  m u s t b e  th o r o u g h l y tr ai n e d  i n  th e  s afe
h a n d l i n g  o f th e  c o n tai n e r s  a s  we l l  as  i n  th e  p r o p e r  p r o c e ‐
d u r e s  fo r  i n s tal l ati o n ,  r e m o va l ,  h a n d l i n g ,  s h i p p i n g ,  an d
flling;  a n d  c o n n e c ti o n  a n d  r e m o va l  o f o th e r  c r i ti c al  d e vi ‐

c e s ,  s u c h  as  d i s c h ar g e  h o s e s ,  c o n tr o l  h e ad s ,  d i s c h ar g e
h e ad s ,  i n i ti ato r s ,  an d  a n ti -r e c o i l  d e vi c e s .

( 3 ) T h e  p r o c e d u r e s  an d  c au ti o n s  o u tl i n e d  o n  th e  c o n tai n e r
n a m e p l a te s  an d  i n  th e  o p e r ati o n  an d  m ai n te n a n c e
m a n u al s ,  o wn e r ’ s  m an u al s ,  s e r vi c e  m a n u al s ,  an d  s e r vi c e

b u l l e ti n s  th at ar e  p r o vi d e d  b y th e  e q u i p m e n t m an u fa c ‐
tu r e r  fo r  th e  specifed  e q u i p m e n t i n s tal l e d  s h o u l d  b e

fo l l o we d .
( 4 ) M o s t fre  e x ti n g u i s h i n g  s ys te m  c o n tai n e r s  ar e  fu r n i s h e d

wi th  val ve  o u tl e t an ti -r e c o i l  d e vi c e s  an d  i n  s o m e  c a s e s
c o n tai n e r  va l ve  p r o te c ti o n  c ap s .  D o  n o t d i s c o n n e c t

c o n tai n e r s  fr o m  th e  s ys te m  p i p i n g o r  m o ve  o r  s h i p  th e
c o n tai n e r s  i f th e  an ti - r e c o i l  d e vi c e s  o r  p r o te c ti o n  c ap s  a r e

m i s s i n g.  O b tai n  th e s e  p ar ts  fr o m  th e  d i s tr i b u to r  o f th e
m a n u fac tu r e r ’ s  e q u i p m e n t o r  th e  e q u i p m e n t m an u fac ‐

tu r e r.  T h e s e  d e vi c e s  ar e  p r o vi d e d  fo r  s afe ty r e as o n s  an d

s h o u l d  b e  i n s tal l e d  at a l l  ti m e s ,  e x c e p t wh e n  th e  c o n tai n ‐
e r s  ar e  c o n n e c te d  i n to  th e  s ys te m  p i p i n g  o r  b e i n g flled.

( 5 ) Al l  c o n tr o l  h e ad s ,  p r e s s u r e -o p e r ate d  h e ad s ,  i n i ti ato r s ,
d i s c h ar g e  h e ad s ,  o r  o th e r  typ e  o f a c tu a ti o n  d e vi c e s  s h o u l d
b e  r e m o ve d  b e fo r e  d i s c o n n e c ti n g  th e  c o n ta i n e r s  fr o m  th e
s ys te m  p i p i n g,  an d  a n ti -r e c o i l  d e vi c e s  a n d / o r  p r o te c ti o n
c a p s  s h o u l d  b e  i m m e d i ate l y i n s ta l l e d  b e fo r e  th e  c o n ta i n ‐

e r s  ar e  m o ve d  o r  s h i p p e d .  M o s t fre  e x ti n g u i s h i n g s ys te m
e q u i p m e n t var i e s  fr o m  m a n u fac tu r e r  to  m a n u fac tu r e r ;

th e r e fo r e ,  i t i s  i m p o r tan t to  fo l l o w th e  i n s tr u c ti o n s  an d
p r o c e d u r e s  p r o vi d e d  i n  th e  e q u i p m e n t m a n u fac tu r e r ’ s

m a n u a l s .  T h e s e  ac ti o n s  s h o u l d  b e  u n d e r take n  o n l y b y
qualifed  fre  e x ti n gu i s h i n g  s ys te m  s e r vi c e  p e r s o n n e l .

( 6 ) S a fe ty i s  o f p r i m e  c o n c e r n .  N e ve r  as s u m e  th at a c o n tai n e r
i s  e m p ty.  Tr e at al l  c o n ta i n e r s  a s  i f th e y ar e  fu l l y c h a r ge d .
M o s t fre  e x ti n g u i s h i n g s ys te m  c o n ta i n e r s  ar e  e q u i p p e d
wi th  h i gh  fow r ate  val ve s  th at a r e  c ap ab l e  o f p r o d u c i n g

h i g h  d i s c h ar g e  th r u s ts  o u t o f th e  val ve  o u tl e t i f n o t
h an d l e d  p r o p e r l y.  Re m e m b e r,  p r e s s u r i z e d  c o n tai n e r s  a r e

e x tr e m e l y h az ar d o u s .  F ai l u r e  to  fo l l o w th e  e q u i p m e n t
m a n u fac tu r e r ’ s  i n s tr u c ti o n s  an d  th e  g u i d e l i n e s  c o n ta i n e d

h e r e i n  c an  r e s u l t i n  s e r i o u s  b o d i l y i n j u r y,  d e ath ,  o r  p r o p ‐
e r ty d am a ge .

A.10.2    M an u fac tu r e r s  o f fre  e x ti n gu i s h i n g  s ys te m  e q u i p m e n t
s h o u l d  m a ke  a va i l a b l e  th e  m a n u fac tu r e r ’ s  d e s i g n ,  i n s ta l l ati o n ,

a n d  m ai n te n an c e  m an u a l  an d  p r o d u c t s afe ty b u l l e ti n s  to  th e
a u th o r i ty h avi n g  j u r i s d i c ti o n  u p o n  r e q u e s t.

A.10.2.3.4    A d i s c h a r ge  te s t i s  ge n e r a l l y n o t r e q u i r e d .

A.10.3.1    A s am p l e  te s t r e p o r t i s  p r o vi d e d  i n  F i g u r e  A. 1 0 . 3 . 1 .
An  a l te r n ati ve  fo r m  th at e n s u r e s  th at al l  th e  ap p l i c ab l e  d e s i g n ,

o p e r ati o n al ,  an d  s a fe ty r e q u i r e m e n ts  o f th i s  s tan d a r d  a r e  d o c u ‐
m e n te d  to  th e  s ati s fac ti o n  o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n
c a n  b e  u s e d .

A.10.4.15    T h e  p u r p o s e  i s  to  c o n d u c t a fow te s t o f s h o r t d u r a‐
ti o n  ( al s o  kn o wn  a s  a “ p u ff te s t” )  th r o u g h  th e  p i p i n g  n e two r k

to  d e te r m i n e  th at th e  fow i s  c o n ti n u o u s  a n d  to  c h e c k th at
val ve s  ar e  o r i e n te d  i n  a c c o r d a n c e  wi th  th e  s ys te m  d o c u m e n ta‐
ti o n .

T h e  fow te s t s h o u l d  b e  p e r fo r m e d  u s i n g  g as e o u s  n i tr o ge n
o r  an  i n e r t ga s  at a p r e s s u r e  n o t to  e x c e e d  th e  n o r m al  o p e r a t‐

i n g p r e s s u r e  o f th e  c l e a n  a ge n t s ys te m .

T h e  n i tr o g e n  o r  an  i n e r t g as  p r e s s u r e  s h o u l d  b e  i n tr o d u c e d
i n to  th e  p i p i n g n e two r k at th e  c l e a n  a ge n t c o n tai n e r  c o n n e c ‐
ti o n .

Vi s u a l  i n d i c ato r s  s h o u l d  b e  u s e d  to  ve r i fy th at n i tr o g e n  o r  an
i n e r t g as  h as  d i s c h ar g e d  o u t o f e ac h  an d  e ve r y n o z z l e  i n  th e

s ys te m .

Δ A.10.5.3    T h e  l e akag e  an d  p r e d i c te d  r e te n ti o n  ti m e  o f an
e n c l o s u r e  c an  b e  d e te r m i n e d  u s i n g  th e  p r o c e d u r e  i n  An n e x  D ,
E n c l o s u r e  I n te g r i ty P r o c e d u r e ,  o r  b y a n  a l te r n ati ve  m e th o d

th at c an  b e  u s e d  to  o b tai n  an  e q u i val e n t q u a n ti ta ti ve  r e s u l t.
T h e  c u r r e n tl y p r e fe r r e d  m e th o d  i s  u s i n g  a b l o we r  d o o r  fan  u n i t
an d  s m o ke  p e n c i l .

A.10.6.6    I f p o s s i b l e ,  a l l  ai r- h an d l i n g  a n d  p o we r-c u to ff c o n tr o l s
s h o u l d  b e  o f th e  typ e  th at,  o n c e  i n te r r u p te d ,  r e q u i r e s  m an u al

r e s tar t to  r e s to r e  p o we r.

A.10.6.9    Re fe r  to  NFPA 72 an d  th e  m an u fa c tu r e r ’ s  r e c o m m e n ‐
d e d  g u i d e l i n e s .
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P R O C E D U R E

U p o n  c o m p l e t i o n  o f  wo r k,  a n  i n s p e c t i o n  a n d  t e s t  s h a l l  b e  m a d e  b y  t h e  c o n t ra c t o r ’ s  r e p re s e n t a t i ve  a n d  w i t n e s s e d  b y  a n  o w n e r’ s  r e p re s e n t a t i ve .  A l l  d e fe c t s  s h a l l  

b e  c o r re c t e d  a n d  t h e  s y s t e m  l e f t  i n  s e r v i c e  b e fo r e  t h e  c o n t ra c t o r ’ s  p e rs o n n e l  l e a ve  t h e  j o b.  A c e r t i f i c a t e  s h a l l  b e  f i l l e d  o u t  a n d  s i g n e d  b y  b o t h  re p r e s e n t a t i ve s .  

C o p i e s  s h a l l  b e  p re p a re d  fo r  a p p r o v i n g  a u t h o r i t i e s ,  o w n e rs ,  a n d  c o n t ra c t o r.  I t  i s  u n d e r s t o o d  t h e  o w n e r ’ s  re p r e s e n t a t i ve ’ s  s i g n a t u r e  i n  n o  way  p r e j u d i c e s  a n y  

c l a i m  a g a i n s t  t h e  c o n t ra c t o r  fo r fa u l t y  m a t e r i a l ,  p o o r w o r km a n s h i p ,  o r  fa i l u r e  t o  c o m p l y  w i t h  a p p r o v i n g  a u t h o r i t y ’ s  re q u i r e m e n t s  o r  l o c a l  o r d i n a n c e s .

P ro p e r t y  a d d r e s s

D a t e

A c c e p t e d  b y  a p p r o v i n g  a u t h o r i t i e s  ( n a m e s )

A d d r e s s

I n s t a l l a t i o n  c o n fo r m s  t o  a c c e p t e d  p l a n s

E q u i p m e n t  u s e d  i s  a p p r o ve d
I f  n o,  s t a t e  d e v i a t i o n s

Ye s N o

Ye s N o

Pe r s o n  i n  c h a r g e  o f  f i r e  e q u i p m e n t  h a s  b e e n  i n s t r u c t e d  a s  t o  l o c a t i o n  o f  

c o n t ro l  va l ve s  a n d  c a r e  a n d  m a i n t e n a n c e  o f  t h i s  n e w  e q u i p m e n t

I f  n o,  e x p l a i n

Ye s N o

C o p i e s  o f  a p p ro p r i a t e  i n s t r u c t i o n s  a n d  c a re  a n d  m a i n t e n a n c e  c h a r t s  h a ve  b e e n  l e f t  o n  p r e m i s e s
I f  n o,  e x p l a i n

Ye s N o
I n s t r u c t i o n s

P l a n s
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❏❏

❏❏

❏❏

❏❏

C l e a n  A g e n t  S y s t e m  A c c e p t a n c e  Te s t  R e p o r t

M e c h a n i c a l
e q u i p m e n t

E n c l o s u r e  i n  c o n fo r m a n c e  w i t h  c o n s t r u c t i o n  d o c u m e n t s
I f  n o,  e x p l a i n

Ye s

E n c l o s u r e  i n t e g r i t y  r e p o r t  r e c e i ve d  a n d  a p p ro ve d Ye s

E n c l o s u r e

❏❏

❏❏

E l e c t r i c a l
e q u i p m e n t

P r o p e r o p e ra t i o n  ve r i f i e d  fo r a l l  a u x i l i a r y  f u n c t i o n s  i n c l u d i n g  a l a r m - s o u n d i n g  o r  d i s p l ay i n g  
d e v i c e s ,  r e m o t e  a n n u n c i a t o r s ,  a i r- h a n d l i n g  s h u t d o w n ,  a n d  p o w e r s h u t d o w n

M a i n /r e s e r ve  t ra n s fe r  s w i t c h  i n s t a l l e d  p ro p e r l y,  r e a d i l y  a c c e s s i b l e ,  a n d  c l e a r l y  i d e n t i f i e d

Ty p e  a n d  l o c a t i o n  o f  a l l  d e t e c t i o n  d e v i c e s  ve r i f i e d

M a n u a l  p u l l  s t a t i o n s  i n s t a l l e d  p r o p e r l y,  r e a d i l y  a c c e s s i b l e ,  a c c u ra t e l y  i d e n t i f i e d ,  a n d  p ro t e c t e d  
t o  p re ve n t  d a m a g e

N o

N o

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

To t a l  f l o o d i n g

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

Ye s

L o c a l  a p p.

N o

N o

N o

N o

N o

N o

N o

N o

N o

N o

N o

N o

N o

S y s t e m  t y p e

A g e n t  s t o ra g e  c o n t a i n e rs  p r o p e r l y  l o c a t e d  ( i n  a c c o r d a n c e  w i t h  a p p ro ve d  s y s t e m  d ra w i n g s )

S t o ra g e  c o n t a i n e r s  a n d  m o u n t i n g  b ra c ke t s  fa s t e n e d  s e c u re l y

P i p i n g ,  e q u i p m e n t ,  a n d  d i s c h a rg e  n o z z l e s  p r o p e r  s i z e  a n d  l o c a t i o n

P i p e  s i z e  r e d u c t i o n  a n d  t e e  f i t t i n g  p o s i t i o n  i n  c o n fo r m a n c e  w i t h  d e s i g n  d ra w i n g s

P i p i n g  j o i n t s ,  d i s c h a r g e  n o z z l e s ,  a n d  p i p e  s u p p o r t s  s e c u r e l y  fa s t e n e d

D i s c h a r g e  n o z z l e  o r i e n t a t i o n  i n  c o n fo r m a n c e  w i t h  a p p r o ve d  d e s i g n  d ra w i n g s

N o z z l e  d e f l e c t o r s  ( i f  i n s t a l l e d )  o r i e n t a t i o n  i n  c o n fo r m a n c e  w i t h  a p p ro ve d  d e s i g n  d ra w i n g s

L o c a t i o n  o f  a l a r m s  a n d  m a n u a l  e m e rg e n c y  r e l e a s e s  a c c e p t a b l e

C u r re n t  h a z a rd  c o n f i g u ra t i o n  c o m p a ra b l e  t o  o r i g i n a l  c o n f i g u ra t i o n

E n c l o s u r e  t e s t  r e p o r t  r e c e i ve d

A l l  i n s t a l l e d  e q u i p m e n t  l i s t e d  fo r  u s e
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P i p i n g  p n e u m a t i c a l l y  t e s t e d  t o  4 0  p s i  ( 2 7 6  kP a )  fo r  1 0  m i n u t e s

P i p e  c o n fo r m s  t o  S t a n d a r d

F i t t i n g s  c o n fo r m  t o  S t a n d a r d

I f  n o,  e x p l a i n

❏

❏

❏

❏

❏

❏

Ye s

Ye s

Ye s

N o

N o

N o
P i p e  a n d

f i t t i n g s

P r e - f u n c t i o n a l
t e s t s

E a c h  d e t e c t o r  c h e c ke d  fo r  p ro p e r r e s p o n s e

Po l a r i t y  ve r i f i e d  fo r  a l l  p o l a r i z e d  a l a r m  d e v i c e s  a n d  a u x i l i a r y  r e l ay s

E O L  r e s i s t o rs  i n s t a l l e d  a c r o s s  a l l  a l a r m  a n d  d e t e c t i o n  c i rc u i t s  ( w h e r e  re q u i r e d )

P ro p e r t r o u b l e  r e s p o n s e  ve r i f i e d  fo r a l l  s u p e r v i s e d  c i r c u i t s
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P ro p e r t y  n a m e

Δ FI G U RE  A. 1 0 . 3 . 1   S am p l e  Ac c e p tan c e  Te s t Re p o r t.



C L E AN  AGE N T  F I RE  E X T I N GU I S H I N G  S YS T E M S2 0 0 1 - 1 0 4

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

A. 1 0 . 6 . 1 0    Re fe r  to  NFPA 72 a n d  th e  m an u fac tu r e r ’ s  r e c o m ‐
m e n d e d  g u i d e l i n e s .

A. 1 0 . 6 . 1 2 . 4    P a r ti c u l a r  c a r e  s h o u l d  b e  ta ke n  wh e r e  m an u al
r e l e as e  d e vi c e s  fo r  m o r e  th a n  o n e  s ys te m  ar e  i n  c l o s e  p r o x i m i ty
an d  c o u l d  b e  c o n fu s e d  o r  th e  wr o n g  s ys te m  ac tu ate d .  M an u al
s tati o n s  i n  th i s  i n s tan c e  s h o u l d  b e  c l e a r l y identifed  as  to  wh i c h
z o n e  o r  e x ti n g u i s h i n g ar e a  th e y affe c t.

A. 1 0 . 7 . 1 . 3    P e r s o n n e l  at th e  e n d  u s e r ’ s  fa c i l i ty s h o u l d  b e
i n s tr u c te d  as  to  e ve n ts  th at c o u l d  o c c u r  d u r i n g  th e  fu n c ti o n al
te s ti n g ,  s u c h  as  d i s c h a r ge  o f g as  fr o m  n o z z l e s  d u r i n g p a r ti al
fow te s ts ,  ac ti vati o n  o f al a r m s ,  a n d  a u x i l i ar y fu n c ti o n s  s u c h  a s
e q u i p m e n t s h u td o wn s .

A. 1 0 . 7 . 1 . 4    F o r  e l e c tr i c al l y ac tu a te d  r e l e as e  m e c h an i s m s ,  fu n c ‐
ti o n a l  d e vi c e s  c an  i n c l u d e  2 4 -V l am p s ,  fashbulbs,  o r  c i r c u i t
b r e a ke r s .  P n e u m ati c al l y a c tu a te d  r e l e as e  m e c h an i s m s  c a n
i n c l u d e  p r e s s u r e  g au ge s .  Re fe r  to  th e  m an u fa c tu r e r ’ s  r e c o m ‐
m e n d ati o n s  i n  al l  c as e s .

A. 1 0 . 9 . 2    Tr ai n i n g  s h o u l d  c o ve r  th e  fo l l o wi n g :

( 1 ) H e a l th  an d  s afe ty h az ar d s  as s o c i ate d  wi th  e x p o s u r e  to
e x ti n g u i s h i n g ag e n t c a u s e d  b y s ys te m  d i s c h ar g e

( 2 ) P o s s i b l e  diffculty i n  e s c a p i n g  s p ac e s  wi th  i n wa r d  s wi n gi n g
d o o r s  th at a r e  o ve r p r e s s u r i z e d  d u e  to  a s ys te m  d i s c h ar g e

( 3 ) P o s s i b l e  o b s c u r a ti o n  o f vi s i o n  d u r i n g  s ys te m  d i s c h ar g e
( 4 ) N e e d  to  ve r i fy th a t a c l e a r  e gr e s s  p ath  e x i s ts

( 5 ) A r e vi e w o f h o w th e  s ys te m  c o u l d  b e  a c c i d e n tal l y
d i s c h ar g e d

A. 1 1 . 2    M o n th l y i n s p e c ti o n s  c o u l d  b e  c o m p l e te d  b y th e  o wn e r.

N A. 1 1 . 3    To  d e te r m i n e  th e  q u an ti ty o f h al o c a r b o n  ag e n t i n  a
c yl i n d e r,  th e  c yl i n d e r  c a n  b e  we i gh e d ,  o r  a d e d i c a te d  i n - p l a c e

we i g h i n g  s ys te m  o r  a l i s te d  d e vi c e ,  s u c h  as  a l i q u i d -l e ve l  i n d i c a‐
to r,  c an  b e  u s e d .  C yl i n d e r s  c a n  b e  h e avy an d  b u l ky s o  p r o p e r

p r e c au ti o n s  m u s t b e  take n  to  a vo i d  p e r s o n al  i n j u r y i f c yl i n d e r s
a r e  to  b e  we i g h e d .

A. 1 1 . 3 . 3    Re c o ve r e d  h a l o c ar b o n  c l e a n  ag e n ts  s h o u l d  n o t b e
r e l e as e d  i n to  th e  a tm o s p h e r e .  H a l o c ar b o n  c l e a n  ag e n t c o n ta i n ‐
e r s  s h o u l d  n o t b e  d i s p o s e d  i n  a n y m a n n e r  th a t c o u l d  r e s u l t i n

e ve n tu a l  ag e n t r e l e a s e .  I t i s  p r e fe r ab l e  to  r e c yc l e  r e c o ve r e d
h a l o g e n ate d  c l e an  ag e n ts  r ath e r  th an  to  d e s tr o y th e m .  I f r e c o v‐
e r e d  h al o ge n a te d  ag e n t i s  fo u n d  b y te s t to  c o n ta i n  c o n tam i ‐

n an ts  th a t m a ke  i t e i th e r  te c h n i c a l l y o r  e c o n o m i c al l y u n fe as i b l e
to  b r i n g i t i n to  c o m p l i an c e  wi th  th e  q u a l i ty r e q u i r e m e n ts  o f
5 . 1 . 2 ,  th e  ag e n t s h o u l d  b e  d e s tr o ye d  i n  an  e n vi r o n m e n tal l y

ac c e p tab l e  m an n e r.

A. 1 1 . 3 . 4    F o r  i n e r t g as  c l e an  ag e n ts  th at a r e  n o t liquefed,  p r e s ‐
s u r e  i s  an  i n d i c ati o n  o f ag e n t q u an ti ty.  I n e r t ga s  c l e an  ag e n ts

b a s e d  o n  th o s e  g as e s  n o r m al l y fo u n d  i n  th e  e ar th ’ s  atm o s p h e r e
n e e d  n o t b e  r e c yc l e d .

A. 1 1 . 4 . 2    T h e  s e r vi c e  r e p o r t p r o vi d e s  th e  o wn e r  wi th  i n fo r m a‐
ti o n  p e r tai n i n g to  th e  fre  s ys te m ,  i ts  c o n d i ti o n ,  a n d  a n y n e c e s ‐

C l e a n  A g e n t  S y s t e m  A c c e p t a n c e  Te s t  R e p o r t  ( C o n t i n u e d )

O p e r a t i o n a l  
t e s t

N o t e s :
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P u f f  t e s t  c o m p l e t e d  a n d  c o n t i n u o u s  f l o w  a n d  u n o b s t r u c t e d  p i p i n g  a n d  n o z z l e s  ve r i f i e d

A l a r m  f u n c t i o n s  ve r i f i e d  fo l l o w i n g  d e t e c t i o n  i n i t i a t i o n

M a n u a l  r e l e a s e  f u n c t i o n s  a c c o rd i n g  t o  d e s i g n  s p e c i f i c a t i o n s

A b o r t  s w i t c h  f u n c t i o n s  a c c o r d i n g  t o  d e s i g n  s p e c i f i c a t i o n s

Au t o m a t i c  va l ve s  t e s t e d  a n d  o p e ra t i o n  ve r i f i e d

A l l  p n e u m a t i c  e q u i p m e n t  t e s t e d  a n d  ve r i f i e d

F u l l  o p e ra t i o n a l  t e s t  fo r  s i n g l e  o r  m u l t i p l e  h a z a r d s

We i g h t  b e fo r e  a n d  a f t e r  d i s c h a r g e

F o r i n t e r t  g a s  s y s t e m s  — p r e s s u re  b e fo r e  a n d  a f t e r d i s c h a rg e

R e m o t e  M o n i t o r i n g

 A l a r m  s i g n a l  f ro m  e a c h  i n p u t  d e v i c e  o n  s t a n d - b y  o w n e r  ve r i f i e d

 Tr o u b l e  s i g n a l  ve r i f i e d  fo r  e a c h  a l a r m  c o n d i t i o n  o n  e a c h  s i g n a l  c i rc u i t

C o n t r o l  p a n e l  p r i m a r y  p o w e r  s o u rc e

 C o n t r o l  p a n e l  c o n n e c t e d  t o  a  d e d i c a t e d  c i r c u i t

 C o n t r o l  p a n e l  l a b e l e d  p r o p e r l y

 C o n t r o l  p a n e l  re a d i l y  a c c e s s i b l e

 C o n t r o l  p a n e l  s e c u r e d  f ro m  u n a u t h o r i z e d  a c c e s s

S y s t e m  r e t u r n e d  t o  f u l l y  o p e ra t i o n a l  d e s i g n  c o n d i t i o n

N F PA  2 0 0 1  ( p .  2  o f  2 )© 2 0 2 1  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n
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S i g n a t u r e s

N a m e  o f  i n s t a l l i n g  c o n t ra c t o r :

Te s t s  w i t n e s s e d  b y :

 F o r p r o p e r t y  o w n e r :  T i t l e :  D a t e :

 F o r c o n t ra c t o r :  T i t l e :  D a t e :

kg

kP a
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AN N E X  A 2001-105

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

s a r y r e p a i r s  o r  modifcations.  T h e  s e r vi c i n g c o m p an y s h o u l d
r e vi e w th e  i n s p e c ti o n  r e p o r t to  e n s u r e  th at th e  n e c e s s a r y d a ta
ar e  c ap tu r e d  an d  a s a fe  a n d  th o r o u g h  i n s p e c ti o n  i s  p e r fo r m e d .
T h e  F S S A Design Guide for Use with Fire Protection Systems Inspec‐
tion Forms c an  as s i s t i n  th i s  r e vi e w an d  as s i s t a  n e w s e r vi c i n g
c o m p a n y i n  th e  d e ve l o p m e n t o f a c o m p l e te  i n s p e c ti o n  r e p o r t
fo r m .

A.11.4.5.2    I f u n c e r ta i n ty s ti l l  e x i s ts ,  th e  e n c l o s u r e  s h o u l d  b e
r e te s te d  fo r  i n te g r i ty i n  a c c o r d a n c e  wi th  S e c ti o n  1 0 . 5 .

A.11.5    T h e  m an u fac tu r e r ’ s  m a i n te n an c e  p r o c e d u r e  s h o u l d  b e
gu i d e d  b y th e  fo l l o wi n g o u tl i n e :

( 1 ) S ys te m

( a) C h e c k o ve r al l  p h ys i c al  a p p e a r an c e .
( b ) D i s ar m  s ys te m  p r i o r  to  te s t.

( 2 ) H a z a r d

( a) D e te r m i n e  s i z e .
( b ) D e te r m i n e  confguration.
( c ) C h e c k fo r  u n c l o s ab l e  o p e n i n gs .
( d ) D e te r m i n e  fu e l s .
( e ) D e te r m i n e  o th e r  as p e c ts  o f th e  h az ar d  th at c o u l d

i m p ai r  e ffe c ti ve n e s s  o f th e  e x ti n gu i s h i n g  s ys te m s .
( 3 ) S u p e r vi s e d  c i r c u i ts

( a) E x e r c i s e  a l l  fu n c ti o n s .
( b ) C h e c k al l  e l e c tr i c al  o r  p n e u m ati c  s u p e r vi s o r y

c i r c u i ts  fo r  o p e r ati o n .
( 4 ) C o n tr o l  p an e l

( a) E x e r c i s e  al l  fu n c ti o n s .
( b ) C h e c k s u p e r vi s i o n ,  i f ap p l i c ab l e ,  o f e ac h  c i r c u i t

( i n c l u d i n g r e l e as i n g  d e vi c e s )  as  r e c o m m e n d e d  b y
th e  m an u fac tu r e r.

( 5 ) P o we r  s u p p l y

( a) C h e c k r o u ti n g ,  c i r c u i t b r e a ke r s ,  fu s e s ,  d i s c o n n e c ts .
( 6 ) E m e r ge n c y p o we r

( a) C h e c k b atte r y c o n d i ti o n .
( b ) C h e c k c h ar g e r  o p e r ati o n ;  c h e c k fu s e .
( c ) C h e c k au to m ati c  c h an g e o ve r.
( d ) C h e c k m ai n te n a n c e  o f g e n e r ato r  ( i f o n e  e x i s ts ) .

( 7 ) D e te c to r s

( a) Te s t e ac h  d e te c to r  u s i n g h e a t,  s m o ke ,  o r  m an u fac ‐
tu r e r ’ s  ap p r o ve d  te s t d e vi c e .  (See NFPA 72. )

( b ) E l e c tr i c  typ e .

i . C l e a n  an d  ad j u s t s m o ke  d e te c to r  a n d  c h e c k
s e n s i ti vi ty.

i i . C h e c k wi r i n g  c o n d i ti o n .
( c ) P n e u m a ti c  typ e :  C h e c k ti g h tn e s s  o f tu b i n g  an d

o p e r ati o n  o f m e r c u r y c h e c ks ,  u s i n g  m a n o m e te r.
( 8 ) T i m e  d e l a y

( a) E x e r c i s e  fu n c ti o n s .
( b ) C h e c k ti m e  l i m i t.
( c ) C h e c k th at ti m e r  wi l l  c o m p l e te  i ts  c yc l e  e ve n

th o u g h  wi r i n g b e twe e n  i t a n d  th e  d e te c to r  c i r c u i t
i s  i n te r r u p te d .

( 9 ) Al ar m s

( a) Te s t fo r  o p e r ati o n  ( a u d i b l e  an d  vi s u al ) .
( b ) C h e c k to  s e e  th at wa r n i n g  s i g n s  ar e  d i s p l aye d  i n

ac c o r d an c e  wi th  th e  s ys te m  d o c u m e n ta ti o n .
( 1 0 ) S e l e c to r  ( d i r e c ti o n a l )  val ve s

( a) E x e r c i s e  fu n c ti o n s .
( b ) Re s e t p r o p e r l y.

( 1 1 ) Re l e as e  d e vi c e s

( a) C h e c k fo r  c o m p l e te  c l o s u r e  o f d am p e r s .
( b ) C h e c k d o o r s ;  c h e c k fo r  an y d o o r s  b l o c ke d  o p e n .

( 1 2 ) E q u i p m e n t s h u td o wn

( a) Te s t s h u td o wn  fu n c ti o n .
( b ) C h e c k ad e q u ac y ( al l  n e c e s s ar y e q u i p m e n t i n c l u ‐

d e d ) .
( 1 3 ) M an u al  r e l e as e s

( a) M e c h an i c a l  typ e .

i . C h e c k p u l l ,  fo r c e ,  an d  l e n g th  o f p u l l
r e q u i r e d .

i i . O p e r a te  a n d  ad j u s t al l  d e vi c e s .
i i i . C h e c k ti g h tn e s s  o f c o n n e c to r s .
i v. C h e c k c o n d i ti o n  o f c o n d u i t.
v. C h e c k c o n d i ti o n  a n d  o p e r ati o n  o f c o r n e r

p u l l e ys .
( b ) E l e c tr i c  typ e .

i . Te s t m a n u a l  r e l e a s e .
i i . C h e c k th at c o ve r s  a r e  i n  p l ac e .

( c ) C h e c k p n e u m ati c  r e l e a s e s .
( d ) C h e c k a c c e s s i b i l i ty d u r i n g  fre.
( e ) S e p ar ate  m a i n  an d  r e s e r ve  m an u a l  p u l l s  th at

r e q u i r e  o n l y o n e  o p e r a ti o n ,  to  o b tai n  d i s c h ar g e  o f
e i th e r  m a i n  o r  r e s e r ve  s u p p l y o f g as .

( f) C l e a r l y m a r k a n d  i d e n ti fy al l  m a n u a l  r e l e a s e s .
( 1 4 ) P i p i n g

( a) C h e c k s e c u r i ty;  c h e c k th a t p i p i n g i s  ad e q u ate l y
s u p p o r te d .

( b ) C h e c k c o n d i ti o n ;  c h e c k fo r  a n y c o r r o s i o n .
( 1 5 ) N o z z l e s

( a) C h e c k o r i e n tati o n  a n d  orifce  s i z e ;  m a ke  s u r e  th e y
a r e  u n c h an g e d  fr o m  o r i g i n a l  d e s i g n .

( b ) C h e c k c l e a n l i n e s s .
( c ) C h e c k s e c u r i ty.
( d ) C h e c k s e al s  wh e r e  n e e d e d .

( 1 6 ) C o n ta i n e r s

( a) C h e c k p h ys i c a l  c o n d i ti o n ;  c h e c k fo r  a n y s i gn  o f
c o r r o s i o n .

( b ) C h e c k th e  c o n te n ts  fo r  we i g h t b y a c c e p ta b l e  m e th ‐
o d s  fo r  e ac h  c o n tai n e r.  I f th e  c o n te n ts  ar e  b e l o w

th e  r e q u i r e d  q u an ti ty specifed  i n  1 1 . 3 . 1 ,  1 1 . 3 . 2 ,
an d  1 1 . 3 . 4 ,  th e n  th e  c o n tai n e r s  m u s t b e  reflled  o r
r e p l a c e d .  ( O p e r a ti o n  o f th e  l i q u i d  l e ve l  ga u g e

s h o u l d  b e  verifed.)
( c ) C h e c k th a t c o n tai n e r s  ar e  s e c u r e l y h e l d  i n  p o s i ‐

ti o n .
( d ) C h e c k h yd r o s ta ti c  te s t d ate .
( e ) C h e c k c o n tai n e r  c o n n e c to r s  fo r  i n te g r i ty an d

c o n d i ti o n .
( f) C h e c k we i gh ts  a n d  c a b l e s  o f m e c h an i c al  r e l e a s e

s ys te m .
( g) C h e c k r e l e as e  d e vi c e s ;  c h e c k fo r  a r r an g e m e n t i n

ac c o r d an c e  wi th  th e  s ys te m  d o c u m e n tati o n  an d
s e c u r i ty.

( h ) C h e c k e x p l o s i ve  r e l e a s e  d e vi c e s ;  c h e c k r e p l a c e ‐
m e n t d ate ;  c h e c k c o n d i ti o n .

( 1 7 ) Te s t

( a) P e r fo r m  r e c o m m e n d e d  d i s c h ar g e  te s ts  wh e n  th e r e
i s  an y q u e s ti o n  ab o u t th e  a d e q u a c y o f th e  s ys te m .

( b ) P e r fo r m  r e c o m m e n d e d  fu l l  d i s c h a r ge  te s t wh e n
c o n tai n e r  h yd r o s tati c  te s t i s  r e q u i r e d .
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( 1 8 ) Re tu r n  a l l  p ar ts  o f s ys te m  to  fu l l  s e r vi c e .
( 1 9 ) Gi ve  certifcate  o f i n s p e c ti o n  to  o wn e r.

( a) T h e  o wn e r  s h o u l d  m a i n tai n  th e  certifcate  o n  fle.
( b ) Re g u l ar  s e r vi c e  c o n tr ac ts  wi th  th e  m an u fa c tu r e r  o r

i n s ta l l i n g c o m p an y ar e  r e c o m m e n d e d .  Wo r k
s h o u l d  b e  p e r fo r m e d  b y p e r s o n n e l  th o r o u g h l y
tr a i n e d  an d  r e g u l ar l y e n ga ge d  i n  p r o vi d i n g  s u c h

s e r vi c e .

A.11.5.4.1    T h e  m e th o d  o f s e al i n g  s h o u l d  n o t i n tr o d u c e  an y
n e w h a z a r d s .

A.11.6    T h e  F i r e  S u p p r e s s i o n  S ys te m s  As s o c i a ti o n  h a s  p r e p ar e d
a gu i d e  th at p r o vi d e s  e s s e n ti al  i n fo r m ati o n  o n  th e  r e g u l a to r y

re q u i r e m e n ts  fo r  tr an s p o r tati o n  a n d  requalifcation  o f c o n tai n ‐
e r s  u s e d  i n  c l e an  a ge n t fre  e x ti n g u i s h i n g s ys te m s .  F S S A’ s  Test

Guide for Use with Special Hazard Fire Suppression Systems Containers
wi l l  as s i s t s e r vi c e  p e r s o n n e l  to  d e te r m i n e  th e  r e q u i r e d  te s t an d
requalifcation  o f th e  s ys te m  c o n tai n e r.

A.11.6.1    F e d e r al  a n d  l o c a l  r e g u l ati o n s  s h o u l d  b e  c o n s u l te d  fo r
re q u i r e m e n ts  c o n c e r n i n g  tr an s p o r tati o n  o f c o n ta i n e r s .

A.11.6.2    T h e s e  g u i d e l i n e s  ap p l y o n l y to  th e  e x te r n al  i n s p e c ‐
ti o n  o f c o n tai n e r s  c o n ti n u o u s l y i n  s e r vi c e  i n  th e  fre  e x ti n g u i s h ‐
i n g  s ys te m  an d  s h o u l d  n o t b e  c o n fu s e d  wi th  th e  D O T  r e te s t
re q u i r e m e n ts  fo r  vi s u al  i n s p e c ti o n  d e s c r i b e d  i n  4 9  C F R.

Re c o r d ke e p i n g i s  an  i m p o r tan t p ar t o f e ve r y i n s p e c ti o n .  T h e
i n s p e c to r  s h o u l d  b e  g u i d e d  b y th e  fo l l o wi n g o u tl i n e  to  e n s u r e
th a t th e  m i n i m u m  i n fo r m a ti o n  i s  r e c o r d e d :

( 1 ) Record tag.  A r e c o r d  ta g s h o u l d  b e  attac h e d  to  e ve r y
c o n tai n e r  b e i n g i n s p e c te d  fo r  fu tu r e  r e fe r e n c e .  T h e

r e c o r d  ta g s h o u l d  b e  m ar ke d  wi th  d a te  o f i n s p e c ti o n
( m o n th / ye ar ) ,  n a m e  o f i n d i vi d u al ( s )  an d  c o m p a n y

p e r fo r m i n g th e  i n s p e c ti o n ,  c o n tai n e r  s e r i a l  n u m b e r,
c o n d i ti o n  o f th e  c o n tai n e r  ( p ai n t,  c o r r o s i o n ,  d e n ts ,
go u g e s ,  e tc . ) ,  a n d  d i s p o s i ti o n .

( 2 ) Inspection report.  T h e  fo l l o wi n g  i n fo r m ati o n  s h o u l d  b e
r e c o r d e d  o n  an  i n s p e c ti o n  r e p o r t:  d ate  o f i n s p e c ti o n
( m o n th / ye ar ) ,  n a m e  o f i n d i vi d u al ( s )  an d  c o m p a n y

p e r fo r m i n g  th e  i n s p e c ti o n ,  D O T  specifcation  n u m b e r,
c o n tai n e r  s e r i al  n u m b e r,  d ate  o f m an u fa c tu r e ,  d a te  o f

p r e vi o u s  i n s p e c ti o n  a n d / o r  te s t,  typ e  o f p r o te c ti ve  c o a t‐
i n g,  s u r fac e  c o n d i ti o n  ( c o r r o s i o n ,  d e n ts ,  g o u ge s ,  fre

d am a ge ,  e tc . ) ,  a n d  d i s p o s i ti o n  ( s ati s fac to r y,  r e p a i n t,
r e p ai r,  s c r ap ,  e tc . ) .  A s am p l e  o f a s u i ta b l e  i n s p e c ti o n
r e p o r t fo r m  c an  b e  fo u n d  i n  Ap p e n d i x  A o f C GA C -6 .

A.11.7.6    I f h e a t i s  u s e d  fo r  d r yi n g,  th e  te m p e r a tu r e  s h o u l d  n o t
e x c e e d  th e  m a n u fac tu r e r ’ s  specifcation.

N A.12.1    T h e  ge n e r a l  m o d e l  fo r  i m p ai r m e n t p r o c e d u r e s  i s  b a s e d
o n  C h ap te r  1 5  o f N F PA 2 5 .  I t i s  r e c o g n i z e d  th at c l e an  ag e n t fre
e x ti n g u i s h i n g s ys te m s  wi l l  c o m m o n l y e x i s t al o n gs i d e  wate r-
b a s e d  fre  p r o te c ti o n  s ys te m s  an d  s h o u l d  fo l l o w e s s e n ti al l y th e

s a m e  i m p ai r m e n t p r o c e d u r e s .

N A.12.3.1    A c l e a r l y vi s i b l e  tag  a l e r ts  b u i l d i n g  o c c u p a n ts  an d  th e
fre  d e p ar tm e n t th at a l l  o r  p a r t o f th e  fre  p r o te c ti o n  s ys te m  i s

o u t o f s e r vi c e .  T h e  ta g s h o u l d  b e  we ath e r- r e s i s ta n t,  p l ai n l y vi s i ‐
b l e ,  an d  o f suffcient s i z e  [ typ i c al l y 1 0 0  m m  ×  1 5 0  m m  ( 4  i n .  ×

6  i n . ) ] .  T h e  tag  s h o u l d  i d e n ti fy wh i c h  s ys te m  i s  i m p ai r e d ,  th e
d ate  an d  ti m e  i m p ai r m e n t b e g an ,  an d  th e  p e r s o n  r e s p o n s i b l e .

N A.12.3.2    An  i m p ai r m e n t tag  s h o u l d  b e  p l ac e d  i n  var i o u s  l o c a‐
ti o n s  to  a l e r t o c c u p a n ts ,  c o n tr ac to r s ,  a n d  r e s p o n d i n g  frefght‐
ers  o f an  ab n o r m al  c o n d i ti o n .  An  i m p a i r m e n t tag  th at i s

l o c a te d  o n l y o n  th e  c l e an  a ge n t s ys te m  e q u i p m e n t c o u l d  g o
u n n o ti c e d  fo r  a n  e x te n d e d  p e r i o d  i f frefghters  e n c o u n te r
diffculty i n  g ai n i n g c o m p l e te  ac c e s s  to  th e  b u i l d i n g  o r  fre

p r o te c ti o n  c o n tr o l  r o o m .

N A.12.4.2    Al l  wo r k p o s s i b l e  s h o u l d  b e  d o n e  i n  ad va n c e  to  m i n i ‐
m i z e  th e  l e n gth  o f th e  i m p ai r m e n t.

N A.12.4.3(4)(b)    A fre  wa tc h  s h o u l d  c o n s i s t o f tr ai n e d  p e r s o n ‐
n e l  wh o  c o n ti n u o u s l y p atr o l  th e  affe c te d  a r e a.  Re ad y a c c e s s  to
fre  e x ti n g u i s h e r s  an d  th e  a b i l i ty to  p r o m p tl y n o ti fy th e  fre

d e p a r tm e n t a r e  i m p o r ta n t i te m s  to  c o n s i d e r.  D u r i n g th e  p a tr o l
o f th e  ar e a ,  th e  p e r s o n  s h o u l d  n o t o n l y b e  l o o ki n g fo r  fre,  b u t
m a ki n g s u r e  th at th e  o th e r  fre  p r o te c ti o n  fe atu r e s  o f th e  b u i l d ‐

i n g  s u c h  as  e gr e s s  r o u te s  an d  a l a r m  s ys te m s  a r e  a va i l a b l e  an d
fu n c ti o n i n g  p r o p e r l y.

N A.12.4.3(4)(c)    D e p e n d i n g o n  th e  u s e  an d  o c c u p an c y o f th e
b u i l d i n g ,  i t c o u l d  b e  e n o u gh  i n  s o m e  c i r c u m s tan c e s  to  s to p
c e r tai n  p r o c e s s e s  i n  th e  b u i l d i n g  o r  to  c u t o ff th e  fow o f fu e l  o r
s o u r c e  o f e n e r gy to  s o m e  m a c h i n e s .  I t i s  a l s o  h e l p fu l  to  i m p l e ‐

m e n t “ n o  s m o ki n g ”  a n d  “ n o  h o t wo r k”  ( c u tti n g ,  g r i n d i n g,  o r
we l d i n g)  p o l i c i e s  wh i l e  th e  s ys te m  i s  o u t o f s e r vi c e  b e c au s e
th e s e  ac ti vi ti e s  a r e  r e s p o n s i b l e  fo r  m an y fre  i gn i ti o n s .

A.13.2.1    S o m e  typ i c al  h az ar d s  th a t c o u l d  b e  s u i ta b l e  i n c l u d e ,
b u t ar e  n o t l i m i te d  to ,  th e  fo l l o wi n g :

( 1 ) M ac h i n e r y s p ac e s  s u c h  a s  m ai n  m a c h i n e r y s p a c e s
( 2 ) E m e r ge n c y ge n e r a to r  r o o m s
( 3 ) P u m p  r o o m s
( 4 ) F l am m ab l e  l i q u i d  s to r ag e  an d  h an d l i n g ar e a s  a n d  p ai n t

l o c ke r s
( 5 ) C o n tr o l  r o o m s  a n d  e l e c tr o n i c  e q u i p m e n t s p ac e s

A.13.2.2    G e n e r al  c ar g o  s h o u l d  n o t b e  p r o te c te d  wi th  h al o c ar ‐
b o n  a ge n ts  d u e  to  th e  p o s s i b i l i ty o f d e e p -s e ate d  c a r go  fres  an d

d u e  to  wi d e  var i a ti o n s  i n  c a r go  m a te r i al s .  D r y c a r go e s ,  s u c h  a s
c o n tai n e r i z e d  c a r go e s ,  o fte n  c o m p r i s e  a wi d e  m i x  o f c o m m o d i ‐

ti e s  th a t c a n  i n c l u d e  m ate r i a l s  o r  s to r ag e  ar r a n ge m e n ts  n o t
s u i te d  fo r  p r o te c ti o n  wi th  h al o c a r b o n  ag e n ts .  T h e  vo l u m e  o f
ag e n t n e e d e d  to  p r o te c t c ar g o  s p ac e s  var i e s  d e p e n d i n g o n  th e

vo l u m e  o f th e  c ar g o  s p a c e  m i n u s  th e  vo l u m e  o f th e  c ar g o
c a r r i e d .  T h i s  q u an ti ty va r i e s  as  c ar g o  vo l u m e  c h an g e s  an d  c a n
affe c t fre  e x ti n gu i s h i n g  e ffe c ti ve n e s s  o r  a ge n t to x i c i ty.

A.13.3.2    S u b c h ap te r  J  o f 4 6  C F R 1 1 1 . 5 9  r e q u i r e s  b u s ways  to
c o m p l y wi th  Ar ti c l e  3 6 8  o f NFPA 70.  Ar ti c l e  3 6 8  r e q u i r e s

c o m p l i an c e  wi th  Ar ti c l e  3 0 0  fo r  c l e ar a n c e s  ar o u n d  b u s ways .

A.13.4.2    Ag e n t c yl i n d e r  s to r a ge  s p a c e s  s h o u l d  b e  ad e q u ate l y
ve n ti l a te d .  E n tr an c e s  to  s u c h  s p a c e s  s h o u l d  b e  fr o m  a n  o p e n

d e c k.

A.13.4.6    C o r r o s i o n  r e s i s tan c e  i s  r e q u i r e d  to  p r e ve n t c l o g gi n g
o f n o z z l e s  wi th  s c a l e .  E x a m p l e s  o f s u i tab l e  m ate r i al s  ar e  h o t
d i p p e d  g al va n i z e d  s te e l  p i p i n g  i n s i d e  a n d  o u t o r  s tai n l e s s  s te e l .

A.13.4.7    F i tti n gs  c o n fo r m i n g  to  AS T M  F 1 3 8 7  an d  fre  te s te d
wi th  z e r o  l e a ka ge  c o n fo r m  to  th e  r e q u i r e m e n ts  o f 1 3 . 4 . 7 .

A.13.5.1 .2    T h e  i n te n t o f th i s  p ar ag r ap h  i s  to  e n s u r e  th a t a
s u p p r e s s i o n  s ys te m  wi l l  n o t i n te r fe r e  wi th  th e  s afe  n a vi ga ti o n  o f

th e  ve s s e l .  M a n y i n te r n al  c o m b u s ti o n  p r o p u l s i o n  e n g i n e s  an d
ge n e r a to r  p r i m e  m o ve r s  d r aw c o m b u s ti o n  ai r  fr o m  th e  p r o te c ‐
te d  s p ac e  i n  wh i c h  th e y ar e  i n s tal l e d .  B e c au s e  th e s e  typ e s  o f

e n g i n e s  ar e  r e q u i r e d  to  b e  s h u t d o wn  p r i o r  to  s ys te m
d i s c h ar g e ,  a n  a u to m a ti c a l l y d i s c h a r ge d  s ys te m  wo u l d  s h u t d o wn
p r o p u l s i o n  an d  e l e c tr i c i ty s u p p l y wh e n  n e e d e d  m o s t.  A n o n au ‐
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to m ati c  s ys te m  gi ve s  th e  s h i p ’ s  c r e w th e  fexibility to  d e c i d e  th e
b e s t c o u r s e  o f a c ti o n .  F o r  e x am p l e ,  i n  a h i g h -d e n s i ty s h i p p i n g
c h a n n e l ,  a s h i p ’ s  ab i l i ty to  m an e u ve r  c a n  b e  m o r e  i m p o r ta n t
th a n  i m m e d i ate  s ys te m  d i s c h ar g e .  F o r  s m a l l  ve s s e l s ,  th e  u s e  o f
au to m ati c  s ys te m s  i s  c o n s i d e r e d  a p p r o p r i a te ,  ta ki n g i n to
c o n s i d e r ati o n  th e  ve s s e l ’ s  m as s ,  c a r go ,  an d  c r e w tr ai n i n g.

A.13.5.2.3    T h e  i n te n t i s  to  p r e ve n t ac c i d e n ta l  o r  m a l i c i o u s
s ys te m  o p e r a ti o n .  S o m e  e x am p l e s  o f ac c e p tab l e  m a n u al  ac tu a‐
ti o n  s tati o n s  a r e  th e  fo l l o wi n g:

( 1 ) B r e aki n g  a gl as s  e n c l o s u r e  an d  p u l l i n g  a h an d l e
( 2 ) B r e aki n g  a gl as s  e n c l o s u r e  an d  o p e n i n g a  val ve
( 3 ) O p e n i n g  a n  e n c l o s u r e  d o o r  a n d  fipping  a s wi tc h

A.13.6.1    H e at d e te c to r s  ar e  typ i c al l y u s e d  i n  m a c h i n e r y s p a c e s
an d  a r e  s o m e ti m e s  c o m b i n e d  wi th  s m o ke  d e te c to r s .  L i s te d  o r
ap p r o ve d  o p ti c a l  fame  d e te c to r s  c an  al s o  b e  u s e d ,  p r o vi d e d
th e y a r e  i n  ad d i ti o n  to  th e  r e q u i r e d  q u a n ti ty o f h e at a n d / o r
s m o ke  d e te c to r s .

A.13.6.2    T h i s  r e q u i r e m e n t i s  d e r i ve d  fr o m  S O L AS  Re gu l a ti o n
I I -2 / Re g u l ati o n  5 . 3 .

A.13.6.3    T h i s  r e q u i r e m e n t i s  d e r i ve d  fr o m  S O L AS  Re gu l a ti o n
I I -2 / Re g u l ati o n  5 . 3 .

A.13.6.4    T h i s  r e q u i r e m e n t i s  d e r i ve d  fr o m  S O L AS  Re gu l a ti o n
I I -2 / Re g u l ati o n  5 . 3 .

A.13.6.5    T h i s  r e q u i r e m e n t i s  d e r i ve d  fr o m  S O L AS  Re gu l a ti o n
I I -2 / Re g u l ati o n  5 . 3 .

A.13.6.6    T h i s  r e q u i r e m e n t i s  d e r i ve d  fr o m  S O L AS  Re gu l a ti o n
I I -2 / Re g u l ati o n  5 . 3 .

A.13.7.1    A we l l -s e a l e d  e n c l o s u r e  i s  vi tal  to  p r o p e r  o p e r ati o n  o f
th e  s ys te m  a n d  s u b s e q u e n t e x ti n gu i s h m e n t o f fres  i n  th e
p r o te c te d  s p ac e .  Ga s ti gh t b o u n d ar i e s  o f th e  p r o te c te d  s p ac e ,
s u c h  a s  th o s e  c o n s tr u c te d  o f we l d e d  s te e l ,  o ffe r  a  h i gh l y e ffe c ‐
ti ve  m e a n s  fo r  h o l d i n g  th e  fre  e x ti n gu i s h i n g  g as  c o n c e n tr a‐
ti o n .  Wh e r e  th e  s p ac e  i s  ftted  wi th  o p e n i n g s ,  ave n u e s  fo r
e s c ap e  o f th e  g as  e x i s t.  Au to m ati c  c l o s u r e  o f o p e n i n g s  i s  th e
p r e fe r r e d  m e th o d  o f e n s u r i n g  e n c l o s u r e  i n te gr i ty p r i o r  to
d i s c h ar g e .  M an u al l y c l o s e d  o p e n i n g s  i n tr o d u c e  a d d e d  d e l ay
an d  an  a d d e d  h u m an  e l e m e n t i n to  th e  c h a i n  o f p r o p e r  o p e r a‐
ti o n  o f th e  s ys te m .  F a i l u r e  o f p e r s o n n e l  to  p r o p e r l y c l o s e  a l l
o p e n i n g s  h as  b e e n  a r e c u r r i n g c au s e  o f g as e o u s  s ys te m s  n o t
p e r fo r m i n g as  i n te n d e d .  I t i s  r e c o g n i z e d  th a t s o m e  o p e n i n g s  i n
th e  e n c l o s u r e s ,  s u c h  a s  m ai n te n an c e  h a tc h e s  a n d  wa te r ti g h t
d o o r s ,  c an n o t b e  ftted  wi th  au to m ati c a l l y o p e r a te d  c l o s e r s  d u e
to  p e r s o n n e l  h az ar d s  o r  o th e r  l i m i ta ti o n s .  I n  th o s e  c as e s ,  an
i n d i c ato r  i s  r e q u i r e d  to  a l e r t th e  s ys te m  o p e r ato r  th at a n  o p e n ‐
i n g  h a s  n o t b e e n  c l o s e d  as  r e q u i r e d  an d  th u s  th e  s ys te m  i s  n o t
re a d y fo r  o p e r ati o n .

A.13.7.2    Au to m ati c  s h u td o wn s  a r e  th e  p r e fe r r e d  m e th o d  fo r
s h u tti n g  d o wn  a ve n ti l ati o n  s ys te m .  S h u td o wn s  r e q u i r i n g
p e r s o n n e l  to  fnd  a n d  m a n u a l l y c l o s e  d a m p e r s  far  fr o m  th e  fre
e x ti n g u i s h i n g s ys te m  d i s c h ar g e  s ta ti o n  s h o u l d  n o t b e  p e r m i t‐
te d .

A.13.8.4    Wh e n  th e  n e t vo l u m e  o f th e  m ac h i n e r y s p ac e  i s
b e i n g c al c u l a te d ,  th e  n e t vo l u m e  s h o u l d  i n c l u d e  th e  vo l u m e  o f
th e  b i l g e  a n d  th e  vo l u m e  o f th e  s tac k u p ta ke .  T h e  vo l u m e
c a l c u l ati o n  s h o u l d  b e  p e r m i tte d  to  e x c l u d e  th e  p o r ti o n s  o f th e
s tac k u p take  th at h ave  a h o r i z o n ta l  c r o s s -s e c ti o n al  ar e a l e s s
th a n  4 0  p e r c e n t o f th e  h o r i z o n ta l  c r o s s -s e c ti o n al  a r e a o f th e
m a i n  m a c h i n e r y s p a c e .  T h e  h o r i z o n tal  c r o s s - s e c ti o n al  ar e a  o f

th e  m ai n  m ac h i n e r y s p ac e  s h o u l d  b e  m e as u r e d  m i d wa y
b e twe e n  th e  l o we s t l e ve l  ( tan k to p )  a n d  th e  h i g h e s t l e ve l
( b o tto m  o f th e  s tac k c a s i n g ) .  (See Figure A. 1 3. 8. 4. )

T h e  o b j e c ts  th at o c c u p y vo l u m e  i n  th e  p r o te c te d  s p a c e
s h o u l d  b e  s u b tr a c te d  fr o m  th e  vo l u m e  o f th e  s p ac e .  T h e s e

o b j e c ts  i n c l u d e ,  b u t ar e  n o t n e c e s s ar i l y l i m i te d  to ,  th e  fo l l o w‐
i n g :

( 1 ) Au x i l i a r y m ac h i n e r y
( 2 ) B o i l e r s
( 3 ) C o n d e n s e r s
( 4 ) E vap o r a to r s
( 5 ) M ai n  e n gi n e s
( 6 ) Re d u c ti o n  ge a r s
( 7 ) Ta n ks
( 8 ) Tr u n ks

T h e  M ar i ti m e  S afe ty C o m m i tte e ,  at i ts  6 7 th  s e s s i o n  ( D e c e m ‐
b e r  2 –6 ,  1 9 9 6 ) ,  a p p r o ve d  gu i d e l i n e s  fo r  th e  ap p r o va l  o f e q u i va‐

l e n t fxed  ga s  fre  e x ti n g u i s h i n g  s ys te m s ,  a s  r e fe r r e d  to  i n
S O L AS  7 4 ,  fo r  m ac h i n e r y s p a c e s  an d  c a r go  p u m p  r o o m s ,  a s
M S C / C i r c .  7 7 6 .

T h e  S u b c o m m i tte e  o n  F i r e  P r o te c ti o n ,  at i ts  4 2 n d  s e s s i o n
( D e c e m b e r  8 –1 2 ,  1 9 9 7 ) ,  r e c o gn i z e d  th e  n e e d  fo r  te c h n i c al

i m p r o ve m e n t to  th e  g u i d e l i n e s  c o n ta i n e d  i n  M S C / C i r c .  7 7 6  to
as s i s t i n  th e i r  p r o p e r  i m p l e m e n tati o n  an d ,  to  th a t e ffe c t,
p r e p a r e d  am e n d m e n ts  to  th e  g u i d e l i n e s .

T h e  c o m m i tte e ,  a t i ts  6 9 th  s e s s i o n  ( M ay 1 1 –2 0 ,  1 9 9 8 ) ,
a p p r o ve d  r e vi s e d  g u i d e l i n e s  fo r  th e  ap p r o va l  o f e q u i val e n t
fxed  ga s  fre  e x ti n g u i s h i n g s ys te m s ,  as  r e fe r r e d  to  i n  S O L AS
7 4 ,  fo r  m a c h i n e r y s p ac e s  an d  c ar g o  p u m p  r o o m s ,  as  s e t o u t i n

th e  an n e x ,  to  s u p e r s e d e  th e  g u i d e l i n e s  a ttac h e d  to  M S C / C i r c .
7 7 6 .

M e m b e r  go ve r n m e n ts  ar e  i n vi te d  to  a p p l y th e  a n n e x e d
g u i d e l i n e s  wh e n  a p p r o vi n g  e q u i val e n t fxed  g as  fre  e x ti n g u i s h ‐

i n g  s ys te m s  fo r  u s e  i n  m ac h i n e r y s p a c e s  o f c a te g o r y A an d
c a r go  p u m p  r o o m s .

T h e  q u an ti ty o f e x ti n gu i s h i n g  ag e n t fo r  th e  p r o te c te d  s p a c e
s h o u l d  b e  c al c u l ate d  a t th e  m i n i m u m  e x p e c te d  am b i e n t
te m p e r a tu r e  u s i n g  th e  d e s i g n  c o n c e n tr a ti o n  b as e d  o n  th e  n e t

vo l u m e  o f th e  p r o te c te d  s p a c e ,  i n c l u d i n g  th e  c as i n g .

T h e  n e t vo l u m e  o f a p r o te c te d  s p a c e  i s  th at p ar t o f th e  g r o s s
vo l u m e  o f th e  s p ac e  th a t i s  ac c e s s i b l e  to  th e  fr e e  e x ti n g u i s h i n g
ag e n t g as .

I n  th e  c al c u l a ti o n  o f th e  n e t vo l u m e  o f a p r o te c te d  s p a c e ,
th e  n e t vo l u m e  s h o u l d  i n c l u d e  th e  vo l u m e  o f th e  b i l ge ,  th e

vo l u m e  o f th e  c a s i n g,  an d  th e  vo l u m e  o f fr e e  ai r  c o n tai n e d  i n
a i r  r e c e i ve r s  th at i n  th e  e ve n t o f a fre  i s  r e l e as e d  i n to  th e
p r o te c te d  s p ac e .

T h e  o b j e c ts  th at o c c u p y vo l u m e  i n  th e  p r o te c te d  s p a c e
s h o u l d  b e  s u b tr ac te d  fr o m  th e  g r o s s  vo l u m e  o f th e  s p ac e .  T h e y

i n c l u d e ,  b u t ar e  n o t n e c e s s ar i l y l i m i te d  to ,  th e  fo l l o wi n g :

( 1 ) Au x i l i a r y m ac h i n e r y
( 2 ) B o i l e r s
( 3 ) C o n d e n s e r s
( 4 ) E vap o r a to r s
( 5 ) M ai n  e n g i n e s
( 6 ) Re d u c ti o n  g e ar s
( 7 ) Tan k
( 8 ) Tr u n ks
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S u b s e q u e n t modifcations  to  th e  p r o te c te d  s p a c e  th at a l te r
th e  n e t vo l u m e  o f th e  s p ac e  r e q u i r e  th e  q u an ti ty o f e x ti n g u i s h ‐
i n g a ge n t to  b e  ad j u s te d  to  m e e t th e  r e q u i r e m e n ts  o f 1 3 . 8 . 4

an d  1 3 . 8 . 5 .

N o  fre  s u p p r e s s i o n  a ge n t s h o u l d  b e  u s e d  th at i s  c ar c i n o ‐
g e n i c ,  m u tag e n i c ,  o r  te r ato g e n i c  at c o n c e n tr ati o n s  e x p e c te d
d u r i n g u s e .  N o  a ge n t s h o u l d  b e  u s e d  i n  c o n c e n tr a ti o n s  gr e a te r

th an  th e  c ar d i ac  s e n s i ti z ati o n  N O AE L ,  wi th o u t th e  u s e  o f
c o n tr o l s  a s  p r o vi d e d  i n  S O L AS  Re g u l ati o n  I I -2 / Re g u l ati o n s  5 . 2 .
I n  n o  c as e  s h o u l d  an  ag e n t b e  u s e d  a b o ve  i ts  L O AE L  n o r
a p p r o x i m a te  l e th al  c o n c e n tr ati o n  ( AL C )  c a l c u l ate d  o n  th e  n e t

vo l u m e  o f th e  p r o te c te d  s p a c e  a t th e  m ax i m u m  e x p e c te d  am b i ‐
e n t te m p e r atu r e .

A. 1 3 . 8 . 5    M ai n ta i n i n g  th e  d e s i g n  c o n c e n tr ati o n  i s  e q u al l y
i m p o r ta n t i n  al l  c l as s e s  o f fres  b e c au s e  a  p e r s i s te n t i gn i ti o n
s o u r c e ,  s u c h  as  an  e l e c tr i c  ar c ,  b o i l e r  fr o n t,  h e a t s o u r c e ,  e n g i n e

e x h a u s t,  tu r b o  c h a r ge r,  h o t m e tal ,  o r  d e e p -s e ate d  fre,  c an  l e ad
to  r e s u r g e n c e  o f th e  i n i ti al  e ve n t o n c e  th e  c l e an  ag e n t h a s  d i s s i ‐
p ate d .

A. 1 3 . 1 1 . 3    F o r  d e te r m i n ati o n  o f c o n tai n e r  p r e s s u r e ,  th e  o r i g i ‐
n a l  c o n tai n e r  fll  d e n s i ty s h o u l d  b e  o b ta i n e d  fr o m  th e  s ys te m

m an u fac tu r e r  an d  th e  te m p e r atu r e / p r e s s u r e  r e l ati o n  s h o u l d
b e  o b ta i n e d  fr o m  tab l e s  p u b l i s h e d  b y th e  s ys te m  m a n u fac tu r e r.

Fo r  t h e  c a s i n g  t o  b e  c o n s i d e r e d  s e p a r a t e  f r o m  t h e  g r o s s  vo l u m e  o f  t h e  
m a c h i n e r y  s p a c e ,  A r e a  B  m u s t  b e  4 0  p e r c e n t  o r  l e s s  o f  A r e a  A .

I f  A r e a  B  i s  g r e a t e r  t h a n  4 0  p e r c e n t  o f  A r e a  A ,  t h e  vo l u m e  o f  c a s i n g  u p  t o  
A r e a  C  ( o r  w h e r e  t h e  a r e a  i s  4 0  p e r c e n t  o r  l e s s  o f  A r e a  A )  m u s t  b e  
i n c l u d e d  i n  t h e  g r o s s  vo l u m e  o f  t h e  s p a c e .

A n y  a r e a  o f  t h e  c a s i n g  c o n t a i n i n g  b o i l e r s ,  i n t e r n a l  c o m b u s t i o n  
m a c h i n e r y,  o r  o i l - f i r e d  i n s t a l l a t i o n s  m u s t  b e  i n c l u d e d  i n  t h e  g r o s s  vo l u m e  
o f  t h e  e n g i n e  r o o m .

C a s i n g

A r e a  A

A r e a  B

A r e a  C

E
n

g
in

e
 r

o
o

m

B o t t o m  o f  c a s i n g

M i d - l e ve l

Ta n k t o p

E q u a l

E q u a l

FI G U RE  A. 1 3 . 8 . 4   M ac h i n e r y S p ac e  an d  S tac k  U p take .

F o r  d e te r m i n a ti o n  o f c o n tai n e r  l i q u i d  l e ve l ,  th e  l i q u i d  l e ve l –
te m p e r a tu r e  r e l ati o n s h i p  s h o u l d  b e  o b tai n e d  fr o m  th e  s ys te m

m a n u fac tu r e r.

Δ A. 1 3 . 1 1 . 3 . 1    F o r  i n e r t ga s  c l e an  ag e n ts  th at ar e  n o t liquefed,
p r e s s u r e  i s  an  i n d i c ati o n  o f a ge n t q u an ti ty.

N An n e x  B    To x i c o l o gi c al  an d  P h ys i o l o gi c al  E ffe c ts  o f C l e an
Age n ts  an d  T h e i r D e c o m p o s i ti o n  P ro d u c ts

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

N B . 1  H al o c arb o n  Age n ts .

N B . 1 . 1  To x i c o l o gi c al  E ffe c ts  o f H al o c arb o n  Age n ts .    Tab l e  B . 1 . 1
p r o vi d e s  i n fo r m ati o n  o n  th e  to x i c o l o gi c a l  e ffe c ts  o f h a l o c ar b o n

a ge n ts  c o ve r e d  b y th i s  s tan d a r d .  T h e  n o  o b s e r va b l e  a d ve r s e
e ffe c t l e ve l  ( N O AE L )  i s  th e  h i g h e s t c o n c e n tr a ti o n  a t wh i c h  n o
ad ve r s e  p h ys i o l o g i c al  o r  to x i c o l o gi c a l  e ffe c t h as  b e e n  o b s e r ve d .

T h e  l o we s t o b s e r vab l e  ad ve r s e  e ffe c t l e ve l  ( L O AE L )  i s  th e
l o we s t c o n c e n tr a ti o n  at wh i c h  a n  ad ve r s e  p h ys i o l o g i c a l  o r  to x i ‐
c o l o g i c a l  e ffe c t h a s  b e e n  o b s e r ve d .

An  ap p r o p r i ate  p r o to c o l  m e as u r e s  th e  e ffe c t i n  a s te p wi s e
m a n n e r  s u c h  th at th e  i n te r val  b e twe e n  th e  L O AE L  an d

N O AE L  i s  suffciently s m al l  to  b e  ac c e p tab l e  to  th e  c o m p e te n t
r e g u l ato r y a u th o r i ty.  T h e  E PA i n c l u d e s  i n  i ts  S N AP  e val u a ti o n
th i s  as p e c t ( o f th e  r i g o r )  o f th e  te s t p r o to c o l .

F o r  h al o c ar b o n s  c o ve r e d  i n  th i s  s tan d ar d ,  th e  N O AE L  an d
L O AE L  a r e  b as e d  o n  th e  to x i c o l o g i c al  e ffe c t kn o wn  as  c a r d i a c

s e n s i ti z ati o n .  C a r d i ac  s e n s i ti z a ti o n  o c c u r s  wh e n  a  c h e m i c al
c a u s e s  a n  i n c r e a s e d  s e n s i ti vi ty o f th e  h e a r t to  ad r e n al i n e ,  a
n atu r al l y o c c u r r i n g  s u b s ta n c e  p r o d u c e d  b y th e  b o d y d u r i n g

ti m e s  o f s tr e s s ,  l e a d i n g  to  th e  s u d d e n  o n s e t o f i r r e g u l ar  h e a r t‐
b e a ts  an d  p o s s i b l y h e ar t a ttac k.  C a r d i ac  s e n s i ti z ati o n  i s  m e a s ‐
u r e d  i n  d o gs  afte r  th e y h a ve  b e e n  e x p o s e d  to  a  h a l o c ar b o n

a ge n t fo r  5  m i n u te s .  At th e  5 -m i n u te  ti m e  p e r i o d ,  a n  e x te r n al
d o s e  o f ad r e n al i n e  ( i . e . ,  e p i n e p h r i n e )  i s  a d m i n i s te r e d  a n d  a n
e ffe c t i s  r e c o r d e d  i f th e  d o g e x p e r i e n c e s  c a r d i ac  s e n s i ti z ati o n .

T h e  c a r d i ac  s e n s i ti z ati o n  p o te n ti al  a s  m e as u r e d  i n  d o gs  i s  a
h i g h l y c o n s e r va ti ve  i n d i c ato r  o f th e  p o te n ti a l  i n  h u m a n s .  T h e
c o n s e r vati ve  n atu r e  o f th e  c a r d i a c  s e n s i ti z a ti o n  te s t s te m s  fr o m

s e ve r al  fac to r s ;  th e  two  m o s t p e r ti n e n t a r e  as  fo l l o ws :

( 1 ) Ve r y h i g h  d o s e s  o f ad r e n a l i n e  a r e  gi ve n  to  th e  d o g s
d u r i n g th e  te s ti n g  p r o c e d u r e  ( d o s e s  ar e  m o r e  th a n  1 0
ti m e s  h i gh e r  th an  th e  h i gh e s t l e ve l s  s e c r e te d  b y h u m a n s
u n d e r  m ax i m u m  s tr e s s ) .

( 2 ) F o u r  to  te n  ti m e s  m o r e  h a l o c ar b o n  i s  r e q u i r e d  to  c au s e
c a r d i a c  s e n s i ti z a ti o n  i n  th e  ab s e n c e  o f e x te r n a l l y ad m i n i s ‐
te r e d  a d r e n a l i n e ,  e ve n  i n  artifcially c r e ate d  s i tu a ti o n s  o f

s tr e s s  o r  fr i g h t i n  th e  d o g te s t.

B e c au s e  th e  c a r d i a c  s e n s i ti z ati o n  p o te n ti al  i s  m e a s u r e d  i n
d o gs ,  a  m e a n s  o f p r o vi d i n g h u m a n  r e l e van c e  to  th e  c o n c e n tr a‐

ti o n  a t wh i c h  th i s  c ar d i a c  s e n s i ti z ati o n  o c c u r s  ( L O AE L )  h a s
b e e n  e s tab l i s h e d  th r o u gh  th e  u s e  o f p h ys i o l o g i c al l y b as e d  p h ar ‐

m a c o ki n e ti c  ( P B P K)  m o d e l i n g.

A P B P K m o d e l  i s  a c o m p u te r i z e d  to o l  th a t d e s c r i b e s  ti m e -
r e l ate d  as p e c ts  o f a c h e m i c a l ’ s  d i s tr i b u ti o n  i n  a b i o l o g i c al

s ys te m .  T h e  P B P K m o d e l  m ath e m a ti c al l y d e s c r i b e s  th e  u p ta ke
o f th e  h al o c a r b o n  i n to  th e  b o d y a n d  th e  s u b s e q u e n t d i s tr i b u ‐

ti o n  o f th e  h a l o c ar b o n  to  th e  a r e as  o f th e  b o d y wh e r e  a d ve r s e
e ffe c ts  c an  o c c u r.  F o r  e x am p l e ,  th e  m o d e l  d e s c r i b e s  th e  b r e a th ‐
i n g r a te  an d  u p take  o f th e  h al o c a r b o n  fr o m  th e  e x p o s u r e
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atm o s p h e r e  i n to  th e  l u n gs .  F r o m  th e r e ,  th e  m o d e l  u s e s  th e
b l o o d  fow b ath i n g  th e  l u n g s  to  d e s c r i b e  th e  m o ve m e n t o f th e
h a l o c ar b o n  fr o m  th e  l u n g s p a c e  i n to  th e  ar te r i a l  b l o o d  th a t
d i r e c tl y fe e d s  th e  h e ar t a n d  vi tal  o r g an s  o f th e  b o d y.

I t i s  th e  a b i l i ty o f th e  m o d e l  to  d e s c r i b e  th e  h a l o c ar b o n
c o n c e n tra ti o n  i n  h u m a n  ar te r i a l  b l o o d  th a t p r o vi d e s  i ts
p r i m ar y u ti l i ty i n  r e l a ti n g th e  d o g  c ar d i a c  s e n s i ti z ati o n  te s t
r e s u l ts  to  a h u m an  wh o  i s  u n i n te n ti o n al l y e x p o s e d  to  th e  h al o ‐
c a r b o n .  T h e  c o n c e n tr ati o n  o f h a l o c ar b o n  i n  th e  d o g  a r te r i al
b l o o d  at th e  ti m e  th e  c a r d i a c  s e n s i ti z a ti o n  e ve n t o c c u r s  ( 5 -
m i n u te  e x p o s u r e )  i s  th e  c r i ti c al  ar te r i al  b l o o d  c o n c e n tr ati o n ,
an d  th i s  b l o o d  p ar am e te r  i s  th e  l i n k to  th e  h u m an  s ys te m .
O n c e  th i s  c r i ti c a l  ar te r i al  b l o o d  c o n c e n tr ati o n  h a s  b e e n  m e as ‐
u r e d  i n  d o g s ,  th e  E PA- ap p r o ve d  P B P K m o d e l  s i m u l ate s  h o w
l o n g i t wi l l  ta ke  th e  h u m an  ar te r i al  b l o o d  c o n c e n tr ati o n  to
re a c h  th e  c r i ti c a l  ar te r i al  b l o o d  c o n c e n tr a ti o n  ( as  d e te r m i n e d
i n  th e  d o g  te s t)  d u r i n g  h u m a n  i n h a l a ti o n  o f a n y p a r ti c u l a r
c o n c e n tra ti o n  o f th e  h al o c ar b o n  ag e n t.  As  l o n g  a s  th e  s i m u l a‐
te d  h u m an  a r te r i al  c o n c e n tr ati o n  r e m ai n s  b e l o w th e  c r i ti c al
ar te r i al  b l o o d  c o n c e n tr a ti o n ,  th e  e x p o s u r e  i s  c o n s i d e r e d  s afe .
I n h a l e d  h al o c a r b o n  c o n c e n tr ati o n s  th at p r o d u c e  h u m a n  a r te ‐
ri al  b l o o d  c o n c e n tr ati o n s  e q u al  to  o r  gr e a te r  th an  th e  c r i ti c al
ar te r i al  b l o o d  c o n c e n tr ati o n  a r e  c o n s i d e r e d  u n s a fe  b e c au s e
th e y r e p r e s e n t i n h al e d  c o n c e n tr a ti o n s  th a t p o te n ti a l l y yi e l d
ar te r i al  b l o o d  c o n c e n tr ati o n s  wh e r e  c a r d i ac  s e n s i ti z ati o n  e ve n ts
o c c u r  i n  th e  d o g  te s t.  U s i n g th e s e  c r i ti c a l  ar te r i a l  b l o o d  c o n c e n ‐
tr a ti o n s  o f h a l o c ar b o n s  as  th e  c e i l i n g  fo r  al l o wa b l e  h u m an  a r te ‐
ri al  c o n c e n tr ati o n s ,  an y n u m b e r  o f h al o c a r b o n  e x p o s u r e
s c e n ar i o s  c an  b e  e va l u ate d  u s i n g  th i s  m o d e l i n g  ap p r o ac h .

F o r  e x a m p l e ,  i n  th e  d o g  c ar d i a c  s e n s i ti z a ti o n  te s t o n  H al o n
1 3 0 1 ,  a m e a s u r e d  d o g  a r te r i al  b l o o d  c o n c e n tr ati o n  o f
2 5 . 7  m g/ L  i s  m e a s u r e d  a t th e  e ffe c t c o n c e n tr a ti o n  ( L O AE L )  o f
7 . 5  p e r c e n t a fte r  a 5 -m i n u te  e x p o s u r e  to  H a l o n  1 3 0 1  a n d  an
e x te r n al  i n tr ave n o u s  a d r e n a l i n e  i n j e c ti o n .  T h e  P B P K m o d e l
p r e d i c ts  th e  ti m e  a t wh i c h  th e  h u m an  ar te r i a l  b l o o d  c o n c e n tr a‐
ti o n  r e a c h e s  2 5 . 7  m g / L  fo r  g i ve n  i n h a l e d  H al o n  1 3 0 1  c o n c e n ‐
tr a ti o n s .  U s i n g th i s  a p p r o a c h ,  th e  m o d e l  al s o  p r e d i c ts  th a t at
s o m e  i n h a l e d  h al o c a r b o n  c o n c e n tr a ti o n s ,  th e  c r i ti c a l  a r te r i al
b l o o d  c o n c e n tr ati o n  i s  n e ve r  r e ac h e d ;  th u s ,  c a r d i ac  s e n s i ti z a‐
ti o n  wi l l  n o t o c c u r.  Ac c o r d i n g l y,  i n  th e  tab l e s  i n  4 . 3 . 2 . 3 ,  th e
ti m e  i s  a r b i tr a r i l y tr u n c a te d  at 5  m i n u te s ,  b e c au s e  th e  d o g s
we r e  e x p o s e d  fo r  5  m i n u te s  i n  th e  o r i gi n al  c ar d i ac  s e n s i ti z a ti o n
te s ti n g  p r o to c o l s .

T h e  ti m e  va l u e ,  e s ti m ate d  b y th e  E PA-ap p r o ve d  an d  p e e r-
re vi e we d  P B P K m o d e l  o r  i ts  e q u i va l e n t,  i s  th at r e q u i r e d  fo r  th e
h u m an  a r te r i al  b l o o d  l e ve l  fo r  a g i ve n  h a l o c ar b o n  to  e q u al  th e
ar te r i al  b l o o d  l e ve l  o f a d o g  e x p o s e d  to  th e  L O AE L  fo r
5  m i n u te s .

F o r  e x a m p l e ,  i f a s ys te m  i s  d e s i gn e d  to  ac h i e ve  a  m ax i m u m
c o n c e n tr ati o n  o f 1 2 . 0  p e r c e n t H F C - 1 2 5 ,  m e an s  s h o u l d  b e
p r o vi d e d  s u c h  th at p e r s o n n e l  a r e  e x p o s e d  fo r  n o  l o n g e r  th a n
1 . 6 7  m i n u te s .  E x am p l e s  o f s u i tab l e  e x p o s u r e -l i m i ti n g  m e c h a‐
n i s m s  i n c l u d e  s e l f-c o n tai n e d  b r e ath i n g  a p p a r atu s e s  an d
p l a n n e d  an d  r e h e ar s e d  e vac u a ti o n  r o u te s .

T h e  r e q u i r e m e n t fo r  p r e - d i s c h ar g e  a l a r m s  an d  ti m e  d e l ays  i s
i n te n d e d  to  p r e ve n t h u m a n  e x p o s u r e  to  ag e n ts  d u r i n g  fre‐
fghting.  H o we ve r,  i n  th e  u n l i ke l y c i r c u m s ta n c e  th at an  ac c i ‐
d e n ta l  d i s c h a r ge  o c c u r s ,  r e s tr i c ti o n s  o n  th e  u s e  o f c e r tai n
h a l o c ar b o n  ag e n ts  c o ve r e d  i n  th i s  s tan d ar d  ar e  b a s e d  o n  th e
avai l ab i l i ty o f P B P K m o d e l i n g i n fo r m ati o n .  F o r  th o s e  h al o c ar ‐
b o n  a ge n ts  i n  wh i c h  m o d e l i n g i n fo r m ati o n  i s  avai l ab l e ,  m e a n s
s h o u l d  b e  p r o vi d e d  to  l i m i t th e  e x p o s u r e  to  th o s e  c o n c e n tr a‐

ti o n s  a n d  ti m e s  specifed  i n  th e  ta b l e s  i n  4 . 3 . 2 . 3 .  T h e  c o n c e n ‐
tr ati o n s  an d  ti m e s  g i ve n  i n  th e  tab l e s  ar e  th o s e  th a t h ave  b e e n
p r e d i c te d  to  l i m i t th e  h u m an  ar te r i a l  b l o o d  c o n c e n tr ati o n  to

b e l o w th e  c r i ti c al  ar te r i a l  b l o o d  c o n c e n tr ati o n  a s s o c i a te d  wi th
c a r d i a c  s e n s i ti z a ti o n .  F o r  h al o c a r b o n  ag e n ts  wh e r e  th e  n e e d e d
d ata ar e  u n avai l a b l e ,  th e  ag e n ts  ar e  r e s tr i c te d  b as e d  o n

wh e th e r  th e  p r o te c te d  s p ac e  i s  n o r m a l l y o c c u p i e d  o r  u n o c c u ‐
p i e d  a n d  h o w q u i c kl y e g r e s s  fr o m  th e  ar e a c an  b e  e ffe c te d .
N o r m al l y o c c u p i e d  ar e a s  ar e  th o s e  i n te n d e d  fo r  h u m an  o c c u ‐

p an c y.  N o r m al l y u n o c c u p i e d  a r e as  a r e  th o s e  i n  wh i c h  p e r s o n ‐
n e l  c an  b e  p r e s e n t fr o m  ti m e  to  ti m e .  T h e r e fo r e ,  a c o m p ar i s o n
o f th e  c ar d i ac  s e n s i ti z ati o n  va l u e s  to  th e  i n te n d e d  d e s i gn

c o n c e n tr ati o n  wo u l d  d e te r m i n e  th e  s u i tab i l i ty o f a  h a l o c ar b o n
fo r  u s e  i n  n o r m a l l y o c c u p i e d  o r  u n o c c u p i e d  ar e as .

I n  s p e c i al i z e d  ap p l i c ati o n s  th at r e q u i r e  a  ve r y h i g h  r ate  o f
d i s c h ar g e ,  wh e r e  ag e n t c o n c e n tr a ti o n  i s  m e a s u r e d  at a m u c h
fa s te r  r ate  th an  h u m a n  r e s p i r ati o n  p e r i o d s ,  b r i e f p u l s e s  o f h i g h

c o n c e n tr a ti o n  l e ve l s  c an  b e  o b s e r ve d .  I n  th e s e  c as e s ,  a  ti m e -
we i g h te d  ave r ag e  o f th e  c o n c e n tr a ti o n  l e ve l  wi th  a p e r i o d  o f
o n e  s e c o n d  c a n  b e  u s e d  to  c o m p ar e  to  th e  s afe  l e ve l s  g i ve n  i n

th e  ta b l e s  i n  4 . 3 . 2 . 3 .

N B . 1 . 2  To x i c o l o gi c al  E ffe c ts  o f H yd ro ge n  Fl u o ri d e .    C l e ar l y,
l o n ge r  e x p o s u r e  o f th e  a ge n t to  h i g h  te m p e r atu r e s  wo u l d

p r o d u c e  g r e ate r  c o n c e n tr ati o n s  o f th e s e  g as e s .  T h e  typ e  an d
s e n s i ti vi ty o f d e te c ti o n ,  c o u p l e d  wi th  th e  r ate  o f d i s c h ar g e ,

s h o u l d  b e  s e l e c te d  to  m i n i m i z e  th e  e x p o s u r e  ti m e  o f th e  ag e n t
to  th e  e l e vate d  te m p e r atu r e  i f th e  c o n c e n tr a ti o n  o f th e  b r e a k‐
d o wn  p r o d u c ts  m u s t b e  m i n i m i z e d .  I n  m o s t c a s e s  th e  ar e a

wo u l d  b e  u n te n a b l e  fo r  h u m an  o c c u p an c y d u e  to  th e  h e a t an d
b r e a kd o wn  p r o d u c ts  o f th e  fre  i ts e l f.

T h e s e  d e c o m p o s i ti o n  p r o d u c ts  h ave  a s h ar p ,  ac r i d  o d o r,
e ve n  i n  m i n u te  c o n c e n tr ati o n s  o f o n l y a fe w p ar ts  p e r  m i l l i o n .

T h i s  c h ar a c te r i s ti c  p r o vi d e s  a b u i l t-i n  war n i n g  s ys te m  fo r  th e

N Tab l e  B . 1 . 1  To x i c i ty I n fo r m ati o n  fo r H al o c arb o n  C l e an  Age n ts

Age n t
L C 5 0  o r AL C

( % )
N O AE L

( % )
L O AE L

( % )

F I C -1 3 I 1 > 1 2 . 8 0 . 2 0 . 4
F K- 5 -1 -1 2 > 1 0 . 0 1 0 > 1 0 . 0
H C F C  B l e n d  A 6 4 1 0 > 1 0 . 0
H C F C -1 2 4 2 3 –2 9 1 2 . 5
H F C -1 2 5 > 7 0 7 . 5 1 0
H F C -2 2 7 e a > 8 0 9 1 0 . 5
H F C -2 3 > 6 5 3 0 > 3 0
H F C -2 3 6 fa > 4 5 . 7 1 0 1 5
H F C  B l e n d  B 5 6 . 7 * 5 . 0 * 7 . 5 *
H B -5 5 > 1 1 8 . 7 > 8 . 7

N o te s :
( 1 )  L C 5 0  i s  th e  c o n c e n tr a ti o n  l e th a l  to  5 0  p e r c e n t o f a r a t p o p u l a ti o n

d u r i n g  a 4 - h o u r  e x p o s u r e .  T h e  AL C  i s  th e  a p p r o x i m a te  l e th a l
c o n c e n tra ti o n .
( 2 )  T h e  c a r d i a c  s e n s i ti z a ti o n  l e ve l s  a r e  b a s e d  o n  th e  o b s e r va n c e  o r
n o n o b s e r va n c e  o f s e r i o u s  h e a r t a r rh yth m i a s  i n  a  d o g .  T h e  u s u a l
p r o to c o l  i s  a  5 -m i n u te  e x p o s u r e  fo l l o we d  b y a  c h a l l e n g e  wi th
e p i n e p h r i n e .
( 3 )  H i g h  c o n c e n tr a ti o n  va l u e s  ar e  d e te r m i n e d  wi th  th e  ad d i ti o n  o f
o x yg e n  to  p r e ve n t a s p h yx i a ti o n .
* T h e s e  va l u e s  a r e  fo r  th e  l a r g e s t c o m p o n e n t o f th e  b l e n d  ( H F C B
1 3 4 A) .
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ag e n t b u t at th e  s a m e  ti m e  c r e ate s  a  n o x i o u s ,  i r r i ta ti n g atm o s ‐
p h e r e  fo r  th o s e  wh o  m u s t e n te r  th e  h az ar d  fo l l o wi n g  a fre.

Background and toxicology of hydrogen fuoride.  H yd r o g e n  fuo‐
ride  ( H F )  va p o r  c an  b e  p r o d u c e d  i n  fres  a s  a b r e akd o wn  p r o d ‐
u c t o f fuorocarbon  fre-extinguishing  ag e n ts  an d  i n  th e
c o m b u s ti o n  o f fuoropolymers.

T h e  signifcant to x i c o l o g i c al  e ffe c ts  o f H F  e x p o s u r e  o c c u r  a t
th e  s i te  o f c o n ta c t.  B y th e  i n h al ati o n  r o u te ,  signifcant d e p o s i ‐
ti o n  i s  p r e d i c te d  to  o c c u r  i n  th e  m o s t a n te r i o r  ( i . e . ,  fr o n t p a r t)
re g i o n  o f th e  n o s e  an d  e x te n d i n g  b ac k to  th e  l o we r  r e s p i r a to r y
tr ac t ( i . e . ,  a i r ways  a n d  l u n gs )  i f suffcient e x p o s u r e  c o n c e n tr a‐
ti o n s  a r e  ac h i e ve d .  T h e  d am a ge  i n d u c e d  at th e  s i te  o f c o n tac t
wi th  H F  i s  c h a r ac te r i z e d  b y e x te n s i ve  ti s s u e  d a m a ge  an d  c e l l
d e ath  ( i . e . ,  n e c r o s i s )  wi th  infammation.  O n e  d a y afte r  a  s i n gl e ,
1 -h o u r  e x p o s u r e  o f r a ts  to  H F  c o n c e n tr ati o n s  o f 9 5 0  p p m  to
2 6 0 0  p p m ,  ti s s u e  i n j u r y wa s  l i m i te d  e x c l u s i ve l y to  th e  a n te r i o r
s e c ti o n  o f th e  n o s e  ( D u P o n t,  1 9 9 0 ) .  N o  e ffe c ts  we r e  s e e n  i n  th e
tr a c h e a  o r  l u n g s .

At h i g h  c o n c e n tr a ti o n s  o f H F  ( ab o u t 2 0 0  p p m ) ,  h u m a n
b r e a th i n g p atte r n s  wo u l d  b e  e x p e c te d  to  c h an g e  p r i m ar i l y
fr o m  n o s e  b r e ath i n g  to  p r i m a r i l y m o u th  b r e ath i n g .  T h i s
c h a n ge  i n  b r e ath i n g  p a tte r n  d e te r m i n e s  th e  d e p o s i ti o n  p atte r n
o f H F  i n to  th e  r e s p i r a to r y tr ac t,  e i th e r  u p p e r  r e s p i r a to r y tr ac t
( i . e . ,  n o s e  b r e a th i n g)  o r  l o we r  r e s p i r a to r y tr ac t ( i . e . ,  m o u th
b r e a th i n g) .  I n  s tu d i e s  c o n d u c te d  b y D al b y ( 1 9 9 6 ) ,  r ats  we r e
e x p o s e d  b y n o s e -o n l y o r  m o u th -o n l y b r e ath i n g .  I n  th e  m o u th -
o n l y b r e ath i n g  m o d e l ,  r a ts  we r e  e x p o s e d  to  var i o u s  c o n c e n tr a‐
ti o n s  o f H F  th r o u gh  a tu b e  p l ac e d  i n  th e  tr ac h e a,  th e r e b y
b yp a s s i n g th e  u p p e r  r e s p i r a to r y tr ac t.  T h i s  e x p o s u r e  m e th o d  i s
c o n s i d e r e d  to  b e  a  c o n s e r vati ve  ap p r o ac h  fo r  e s ti m ati n g  a
“ wo r s t-c as e ”  e x p o s u r e  i n  wh i c h  a  p e r s o n  wo u l d  n o t b r e ath e
th r o u g h  th e  n o s e  b u t i n h a l e  th r o u gh  th e  m o u th ,  th e r e b y m ax i ‐
m i z i n g th e  d e p o s i ti o n  o f H F  i n to  th e  l o we r  r e s p i r ato r y tr ac t.

I n  th e  n o s e - o n l y b r e a th i n g m o d e l ,  2 -m i n u te  o r  1 0 -m i n u te
e x p o s u r e s  o f r ats  to  a b o u t 6 4 0 0  o r  1 7 0 0  p p m ,  r e s p e c ti ve l y,
p r o d u c e d  s i m i l ar  e ffe c ts ;  th a t i s ,  n o  m o r ta l i ty r e s u l te d  b u t
signifcant c e l l  d a m a ge  i n  th e  n o s e  was  o b s e r ve d .  I n  c o n tr as t,
m a r ke d  d i ffe r e n c e s  i n  to x i c i ty we r e  e vi d e n t i n  th e  m o u th - o n l y
b r e a th i n g m o d e l .  I n d e e d ,  m o r tal i ty wa s  e vi d e n t fo l l o wi n g a  1 0 -
m i n u te  e x p o s u r e  to  a  c o n c e n tr ati o n  o f ab o u t 1 8 0 0  p p m  an d  a
2 -m i n u te  e x p o s u r e  to  a b o u t 8 6 0 0  p p m .  Signifcant infamma‐
tion  o f th e  l o we r  r e s p i r ato r y tr ac t wa s  al s o  e vi d e n t.  S i m i l a r l y,  a
2 -m i n u te  e x p o s u r e  to  a b o u t 4 9 0 0  p p m  p r o d u c e d  m o r tal i ty an d
signifcant n a s a l  d a m ag e .  H o we ve r,  at l o we r  c o n c e n tr a ti o n s
( 9 5 0  p p m )  fo l l o wi n g  a 1 0 -m i n u te  e x p o s u r e  o r  1 6 0 0  p p m
fo l l o wi n g  a 2 - m i n u te  e x p o s u r e ,  n o  m o r tal i ty a n d  o n l y m i n i m al
i r r i tati o n  we r e  o b s e r ve d .

N u m e r o u s  o th e r  to x i c o l o g y s tu d i e s  h a ve  b e e n  c o n d u c te d  i n
e x p e r i m e n ta l  an i m al s  fo r  l o n ge r  d u r ati o n s ,  s u c h  as  1 5 ,  3 0 ,  o r
6 0  m i n u te s .  I n  n e a r l y a l l  o f th e s e  s tu d i e s ,  th e  e ffe c ts  o f H F  we r e
ge n e r al l y s i m i l a r  ac r o s s  al l  s p e c i e s ;  th a t i s ,  s e ve r e  i r r i ta ti o n  o f
th e  r e s p i r ato r y tr ac t was  o b s e r ve d  a s  th e  c o n c e n tr a ti o n  o f H F
was  i n c r e as e d .

I n  h u m an s ,  an  i r r i ta ti o n  th r e s h o l d  ap p e a r s  to  b e  a t ab o u t 3
p p m ,  wh e r e  i r r i tati o n  o f th e  u p p e r  ai r wa ys  an d  e ye s  o c c u r s .  I n
p r o l o n g e d  e x p o s u r e  at ab o u t 5  p p m ,  r e d n e s s  o f th e  s ki n  h a s
al s o  r e s u l te d .  I n  c o n tr o l l e d  h u m a n  e x p o s u r e  s tu d i e s ,  h u m a n s
ar e  r e p o r te d  to  h a ve  to l e r ate d  m i l d  n a s a l  i r r i ta ti o n  ( s u b j e c ti ve
r e s p o n s e )  a t 3 2  p p m  fo r  s e ve r a l  m i n u te s  ( M a c h l e  e t al . ,  1 9 3 4 ) .
E x p o s u r e  o f h u m an s  to  a b o u t 3  p p m  fo r  an  h o u r  p r o d u c e d
s l i g h t e ye  an d  u p p e r  r e s p i r a to r y tr ac t i r r i tati o n .  E ve n  wi th  an

i n c r e as e  i n  e x p o s u r e  c o n c e n tr ati o n  ( u p  to  1 2 2  p p m )  an d  a
d e c r e as e  i n  e x p o s u r e  d u r ati o n  to  a b o u t 1  m i n u te ,  s ki n ,  e ye ,

a n d  r e s p i r a to r y tr ac t i r r i ta ti o n  o c c u r s  ( M a c h l e  a n d  Ki tz m i l l e r,
1 9 3 5 ) .

M e l d r u m  ( 1 9 9 3 )  p r o p o s e d  th e  c o n c e p t o f th e  d an g e r o u s
to x i c  l o a d  ( D T L )  as  a m e an s  o f p r e d i c ti n g  th e  e ffe c ts  o f,  fo r

e x am p l e ,  H F  i n  h u m a n s .  M e l d r u m  d e ve l o p e d  th e  ar g u m e n t
th a t th e  to x i c  e ffe c ts  o f c e r tai n  c h e m i c a l s  te n d  to  fo l l o w
H a b e r ’ s  l a w:

C t k× =

wh e r e :
C = c o n c e n tr a ti o n

t = ti m e
k = c o n s ta n t

T h e  avai l ab l e  d ata o n  th e  h u m an  r e s p o n s e  to  i n h al a ti o n  o f
H F  we r e  c o n s i d e r e d  insuffcient to  p r o vi d e  a b as i s  fo r  e s ta b l i s h ‐

i n g  a  D T L .  T h e r e fo r e ,  i t wa s  n e c e s s ar y to  u s e  th e  avai l ab l e
a n i m al  l e th a l i ty d ata to  e s tab l i s h  a m o d e l  fo r  th e  r e s p o n s e  i n
h u m an s .  T h e  D T L  i s  b as e d  o n  a n  e s ti m a te  o f 1  p e r c e n t l e th al i ty

i n  a n  e x p o s e d  p o p u l a ti o n  o f an i m a l s .  B a s e d  o n  th e  an a l ys i s  o f
a n i m al  l e th al i ty d ata,  th e  a u th o r  d e te r m i n e d  th at th e  D T L  fo r
H F  i s  1 2 , 0 0 0  p p m -m i n .  Al th o u gh  th i s  a p p r o a c h  a p p e a r s  r e a s o n ‐

ab l e  an d  c o n s i s te n t wi th  m o r tal i ty d ata i n  e x p e r i m e n tal
a n i m al s ,  th e  p r e d i c ti ve  n atu r e  o f th i s  r e l ati o n s h i p  fo r  n o n l e th al
e ffe c ts  i n  h u m an s  h as  n o t b e e n  d e m o n s tr a te d .

Potential human health effects and risk analysis in fre scenarios.  I t
i s  i m p o r tan t fo r  a r i s k an a l ys i s  to  d i s ti n g u i s h  b e twe e n  n o r m al l y

h e a l th y i n d i vi d u a l s ,  s u c h  a s  frefghters,  an d  th o s e  wi th  c o m p r o ‐
m i s e d  h e a l th .  E x p o s u r e  to  h i g h e r  c o n c e n tr a ti o n s  o f H F  wo u l d

b e  e x p e c te d  to  b e  to l e r ate d  m o r e  i n  h e al th y i n d i vi d u a l s ,
wh e r e as  e q u al  c o n c e n tr ati o n s  c a n  h a ve  e s c ap e -i m p a i r i n g e ffe c ts
i n  th o s e  wi th  c o m p r o m i s e d  h e al th .  T h e  fo l l o wi n g  d i s c u s s i o n

a s s u m e s  th a t th e  e ffe c ts  d e s c r i b e d  a t th e  var i o u s  c o n c e n tr a ti o n s
an d  d u r ati o n s  ar e  fo r  th e  h e al th y i n d i vi d u a l .

Infammation  ( i . e . ,  i r r i tati o n )  o f ti s s u e s  r e p r e s e n ts  a c o n ti n ‐
u u m  fr o m  “ n o  i r r i ta ti o n ”  to  “ s e ve r e ,  d e e p  p e n e tr a ti n g”  i r r i ta‐

ti o n .  U s e  o f th e  te r m s  slight,  mild,  moderate,  an d  severe i n
c o n j u n c ti o n  wi th  i r r i ta ti o n  r e p r e s e n ts  a n  atte m p t to  q u an ti fy
th i s  e ffe c t.  H o we ve r,  g i ve n  th e  l a r ge  var i ab i l i ty an d  s e n s i ti vi ty o f

th e  h u m an  p o p u l ati o n ,  d i ffe r e n c e s  i n  th e  d e g r e e  o f i r r i ta ti o n
fr o m  e x p o s u r e  to  H F  a r e  e x p e c te d  to  o c c u r.  F o r  e x a m p l e ,  s o m e
i n d i vi d u a l s  c an  e x p e r i e n c e  m i l d  i r r i tati o n  to  a c o n c e n tr a ti o n

th at r e s u l ts  i n  m o d e r ate  i r r i tati o n  i n  a n o th e r  i n d i vi d u al .

At c o n c e n tr ati o n s  o f < 5 0  p p m  fo r  u p  to  1 0  m i n u te s ,  i r r i ta‐
ti o n  o f u p p e r  r e s p i r ato r y tr a c t an d  th e  e ye s  wo u l d  b e  e x p e c te d

to  o c c u r.  At th e s e  l o w c o n c e n tr a ti o n s ,  e s c a p e -i m p ai r i n g  e ffe c ts
wo u l d  n o t b e  e x p e c te d  i n  th e  h e a l th y i n d i vi d u a l .  As  H F  c o n c e n ‐
tr ati o n s  i n c r e a s e  to  5 0  p p m  to  1 0 0  p p m ,  an  i n c r e a s e  i n  i r r i ta‐

ti o n  i s  e x p e c te d .  F o r  s h o r t d u r ati o n  ( 1 0  to  3 0  m i n u te s ) ,
i r r i tati o n  o f th e  s ki n ,  e ye s ,  a n d  r e s p i r ato r y tr ac t wo u l d  o c c u r.  At
1 0 0  p p m  fo r  3 0  to  6 0  m i n u te s ,  e s c ap e -i m p a i r i n g e ffe c ts  wo u l d

b e g i n  to  o c c u r,  an d  c o n ti n u e d  e x p o s u r e  at 2 0 0  p p m  an d
g r e ate r  fo r  an  h o u r  c o u l d  b e  l e th al  i n  th e  ab s e n c e  o f m e d i c al
i n te r ve n ti o n .  As  th e  c o n c e n tr ati o n  o f H F  i n c r e as e s ,  th e  s e ve r i ty

o f i r r i tati o n  i n c r e as e s ,  an d  th e  p o te n ti al  fo r  d e l aye d  s ys te m i c
e ffe c ts  al s o  i n c r e as e s .  At a b o u t 1 0 0  to  2 0 0  p p m  o f H F,  h u m a n s
wo u l d  a l s o  b e  e x p e c te d  to  s h i ft th e i r  b r e ath i n g  p atte r n  to

m o u th  b r e a th i n g.  T h e r e fo r e ,  d e e p e r  l u n g  i r r i ta ti o n  i s  e x p e c ‐
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 2  E d i t i o n

te d .  At g r e ate r  c o n c e n tr ati o n s  ( > 2 0 0  p p m ) ,  r e s p i r a to r y d i s c o m ‐
fo r t,  p u l m o n a r y ( i . e . ,  d e e p  l u n g )  i r r i tati o n ,  an d  s ys te m i c  e ffe c ts
ar e  p o s s i b l e .  C o n ti n u e d  e x p o s u r e  at th e s e  h i gh e r  c o n c e n tr a‐
ti o n s  c an  b e  l e th al  i n  th e  ab s e n c e  o f m e d i c al  tr e a tm e n t.

Ge n e r ati o n  o f H F  fr o m  fuorocarbon  fre-extinguishing
ag e n ts  r e p r e s e n ts  a p o te n ti al  h az ar d .  I n  th e  fo r e g o i n g  d i s c u s ‐
s i o n ,  th e  d u r ati o n  o f e x p o s u r e  wa s  i n d i c a te d  fo r  1 0  to
6 0  m i n u te s .  I n  fre  c o n d i ti o n s  i n  wh i c h  H F  wo u l d  b e  g e n e r ate d ,
th e  ac tu al  e x p o s u r e  d u r a ti o n  wo u l d  b e  e x p e c te d  to  b e  l e s s  th a n
1 0  m i n u te s  an d  i n  m o s t c as e s  l e s s  th a n  5  m i n u te s .  As  D a l b y
( 1 9 9 6 )  s h o we d ,  e x p o s i n g  m o u th -b r e ath i n g  r ats  to  H F  c o n c e n ‐
tr a ti o n s  o f a b o u t 6 0 0  p p m  fo r  2  m i n u te s  wa s  wi th o u t e ffe c t.
S i m i l ar l y,  e x p o s i n g  m o u th -b r e ath i n g  r a ts  to  a  H F  c o n c e n tr a ti o n
o f a b o u t 3 0 0  p p m  fo r  1 0  m i n u te s  d i d  n o t r e s u l t i n  a n y m o r tal i ty
o r  r e s p i r a to r y e ffe c ts .  T h e r e fo r e ,  o n e  c o u l d  s u r m i s e  th at
h u m an s  e x p o s e d  to  s i m i l a r  c o n c e n tr ati o n s  fo r  l e s s  th a n
1 0  m i n u te s  wo u l d  b e  ab l e  to  s u r vi ve  s u c h  c o n c e n tr ati o n s .
H o we ve r,  c a u ti o n  n e e d s  to  b e  e m p l o ye d  i n  i n te r p r e ti n g th e s e
d ata.  Al th o u gh  th e  to x i c i ty d a ta  wo u l d  s u gg e s t th a t h u m a n s
c o u l d  s u r vi ve  th e s e  l a r ge  c o n c e n tr ati o n s  fo r  l e s s  th an
1 0  m i n u te s ,  th o s e  i n d i vi d u al s  wi th  c o m p r o m i s e d  l u n g  fu n c ti o n
o r  th o s e  wi th  c ar d i o p u l m o n ar y d i s e as e  c an  b e  m o r e  s u s c e p ti b l e
to  th e  e ffe c ts  o f H F.  F u r th e r m o r e ,  e ve n  i n  th e  h e al th y i n d i vi d ‐
u al ,  i r r i tati o n  o f th e  u p p e r  r e s p i r ato r y tr a c t an d  e ye s  wo u l d  b e
e x p e c te d ,  an d  e s c ap e  c o u l d  b e  i m p a i r e d .

Tab l e  B . 1 . 2  p r o vi d e s  p o te n ti al  h u m a n  h e a l th  e ffe c ts  o f
h yd r o g e n  fuoride  i n  h e a l th y i n d i vi d u al s .

O c c u p ati o n al  e x p o s u r e  l i m i ts  h ave  b e e n  e s tab l i s h e d  fo r  H F.
T h e  l i m i t s e t b y th e  Am e r i c a n  C o n fe r e n c e  o f Go ve r n m e n tal
I n d u s tr i al  H yg i e n i s ts  ( AC GI H ) ,  th e  T h r e s h o l d  L i m i t Va l u e
( T LV® ) ,  r e p r e s e n ts  e x p o s u r e  o f n o r m al l y h e al th y wo r ke r s  fo r

an  8 - h o u r  wo r kd ay o r  a  4 0 -h o u r  wo r kwe e k.  F o r  H F,  th e  l i m i t
e s tab l i s h e d  i s  3  p p m ,  wh i c h  r e p r e s e n ts  a c e i l i n g l i m i t;  th a t i s ,

th e  a i rb o r n e  c o n c e n tr a ti o n  th a t s h o u l d  n o t b e  e x c e e d e d  a t a n y
ti m e  d u r i n g  th e  wo r kd a y.  T h i s  l i m i t i s  i n te n d e d  to  p r e ve n t i r r i ‐

ta ti o n  a n d  p o s s i b l e  s ys te m i c  e ffe c ts  wi th  r e p e ate d ,  l o n g -te r m
e x p o s u r e .  T h i s  a n d  s i m i l a r  ti m e - we i g h te d  ave r ag e  l i m i ts  ar e  n o t
c o n s i d e r e d  r e l e va n t fo r  fre-extinguishing  u s e  o f fuorocarbons

d u r i n g e m e r g e n c y s i tu ati o n s .  H o we ve r,  th e s e  l i m i ts  m i gh t n e e d
to  b e  c o n s i d e r e d  i n  c l e an - u p  p r o c e d u r e s  wh e r e  h i g h  l e ve l s  o f
H F  we re  g e n e r ate d .

I n  c o n tr a s t to  th e  AC GI H  T LV,  th e  Am e r i c an  I n d u s tr i al
H ygi e n e  As s o c i a ti o n  ( AI H A)  E m e r g e n c y Re s p o n s e  P l an n i n g

G u i d e l i n e  ( E RP G)  r e p r e s e n ts  l i m i ts  e s tab l i s h e d  fo r  e m e r g e n c y
r e l e as e  o f c h e m i c a l s .  T h e  ERPG/WEEL Handbook p r o vi d e s  a
q u i c k r e fe r e n c e  fo r  th e s e  l i m i ts ,  wh i c h  ar e  e s tab l i s h e d  to  a l s o

a c c o u n t fo r  s e n s i ti ve  p o p u l ati o n s ,  s u c h  as  th o s e  wi th  c o m p r o ‐
m i s e d  h e a l th .  T h e  E RP G l i m i ts  ar e  d e s i g n e d  to  a s s i s t e m e r ‐
ge n c y r e s p o n s e  p e r s o n n e l  i n  p l an n i n g  fo r  c atas tr o p h i c  r e l e as e s

o f c h e m i c a l s .  T h e s e  l i m i ts  a r e  n o t d e ve l o p e d  to  b e  u s e d  a s
“ s a fe ”  l i m i ts  fo r  r o u ti n e  o p e r ati o n s .  H o we ve r,  i n  th e  c as e  o f fre-
extinguishing  u s e  an d  g e n e r ati o n  o f H F,  th e s e  l i m i ts  ar e  m o r e

r e l e va n t th an  ti m e -we i g h te d  ave r ag e  l i m i ts  s u c h  as  th e  T LV.
T h e  E RP G l i m i ts  c o n s i s t o f th r e e  l e ve l s  fo r  u s e  i n  e m e r ge n c y
p l a n n i n g  an d  a r e  typ i c a l l y 1 - h o u r  va l u e s ;  1 0 -m i n u te  val u e s  h a ve

a l s o  b e e n  e s tab l i s h e d  fo r  H F.  F o r  th e  1 - h o u r  l i m i ts ,  th e  E RP G  1
( 2  p p m )  i s  b a s e d  o n  o d o r  p e r c e p ti o n  a n d  i s  b e l o w th e  c o n c e n ‐
tr a ti o n  at wh i c h  m i l d  s e n s o r y i r r i ta ti o n  h a s  b e e n  r e p o r te d  ( 3

p p m ) .  E RP G 2  ( 2 0  p p m )  i s  th e  m o s t i m p o r tan t g u i d e l i n e  va l u e
s e t an d  i s  th e  c o n c e n tr a ti o n  at wh i c h  m i ti ga ti n g s te p s  s h o u l d  b e
ta ke n ,  s u c h  as  e vac u a ti o n ,  s h e l te r i n g,  a n d  d o n n i n g m as ks .  T h i s

l e ve l  s h o u l d  n o t i m p e d e  e s c ap e  o r  c au s e  i r r e ve r s i b l e  h e al th

e ffe c ts  an d  i s  b a s e d  m ai n l y o n  th e  h u m a n  i r r i ta ti o n  d a ta
o b tai n e d  b y M ac h l e  e t a l .  ( 1 9 3 4 )  an d  L ar g e n t ( 1 9 6 0 ) .  E RP G 3

( 5 0  p p m )  i s  b as e d  o n  an i m al  d ata a n d  i s  th e  m ax i m u m  n o n l e ‐
th a l  l e ve l  fo r  n e a r l y a l l  i n d i vi d u a l s .  T h i s  l e ve l  c o u l d  b e  l e th al  to
s o m e  s u s c e p ti b l e  p e o p l e .  T h e  1 0 -m i n u te  val u e s  e s tab l i s h e d  fo r

H F  an d  u s e d  i n  e m e r g e n c y p l an n i n g  i n  fres  wh e r e  H F  vap o r  i s
ge n e r a te d  a r e  E RP G  3  =  1 7 0  p p m ,  E RP G 2  =  5 0  p p m ,  an d
E RP G 1  =  2  p p m .

N B . 2  P h ys i o l o gi c al  E ffe c ts  o f I n e r t G as  Age n ts .    P a r ag r ap h
4 . 3 . 3 . 5  m a ke s  r e fe r e n c e  to  l i m i ti n g c o n c e n tr ati o n s  o f i n e r t ga s

a ge n ts  c o r r e s p o n d i n g to  c e r ta i n  va l u e s  o f “ s e a l e ve l  e q u i val e n t”
o f o x yg e n .  T h e  m e a n  a tm o s p h e r i c  p r e s s u r e  o f a i r  a t s e a l e ve l  i s
7 6 0  m m  H g.  Atm o s p h e r i c  a i r  i s  2 1  vo l u m e  p e r c e n t o x yg e n .  T h e

p ar ti a l  p r e s s u r e s  o f o x yg e n  i n  a m b i e n t ai r  an d  a i r  d i l u te d  ag e n t
to  th e  l i m i ti n g s e a l e ve l  c o n c e n tr ati o n s  c o r r e s p o n d i n g  to
p e r m i s s i b l e  e x p o s u r e  ti m e s  o f 5  m i n u te s ,  3  m i n u te s ,  an d  1 ∕2

m i n u te  a r e  gi ve n  i n  Tab l e  B . 2 ( a) .

I n  3 . 3 . 4 0 ,  sea level equivalent of oxygen i s  defned  i n  te r m s  o f
th e  p a r ti al  p r e s s u r e  a t s e a l e ve l .  T h e  m e a n  a tm o s p h e r i c  p r e s ‐

s u r e  d e c r e as e s  wi th  i n c r e as i n g  a l ti tu d e ,  a s  s h o wn  i n  Tab l e
7 . 3 . 3 . 3 .  T h e  p a r ti al  p r e s s u r e  o f o x yg e n  i s  2 1  p e r c e n t o f th e

atm o s p h e r i c  p r e s s u r e .  T h e  c o n c e n tr ati o n  o f a d d e d  a ge n t,
wh i c h  d i l u te s  ai r  to  th e  s e a l e ve l  l i m i ti n g p ar ti al  p r e s s u r e  o f
o x yg e n ,  i s  gi ve n  b y:

N Tab l e  B . 1 . 2  P o te n ti al  H u m an  H e al th  E ffe c ts  o f H yd ro ge n
Fl u o ri d e  i n  H e al th y I n d i vi d u al s

E x p o s u re
T i m e

C o n c e n trati o n  o f
H yd ro ge n  Fl u o ri d e

( p p m ) Re ac ti o n

2  m i n u te s < 5 0 S l i g h t e ye  a n d  n as a l  i r r i ta ti o n
5 0 –1 0 0 M i l d  e ye  a n d  u p p e r  

r e s p i r a to r y tr a c t i r r i ta ti o n
1 0 0 –2 0 0 M o d e r a te  e ye  a n d  u p p e r  

r e s p i r a to r y tr a c t i r r i ta ti o n ;  
s l i g h t s ki n  i r r i ta ti o n

> 2 0 0 M o d e r a te  i r r i ta ti o n  o f a l l  
b o d y s u r fa c e s ;  i n c r e a s i n g  
c o n c e n tr a ti o n  m a y b e  
e s c a p e  i m p a i r i n g

5  m i n u te s < 5 0 M i l d  e ye  a n d  n as a l  i r r i ta ti o n
5 0 –1 0 0 I n c r e a s i n g  e ye  a n d  n a s a l  

i r r i tati o n ;  s l i g h t s ki n  
i r r i tati o n

1 0 0 –2 0 0 M o d e r a te  i r r i ta ti o n  o f s k i n ,  
e ye s ,  a n d  r e s p i r a to r y tr a c t

> 2 0 0 Defnite  i r r i tati o n  o f ti s s u e  
s u r fa c e s ;  wi l l  c a u s e  e s c a p e -
i m p a i r i n g  e ffe c ts  at 
i n c r e a s i n g  c o n c e n tr a ti o n s

1 0  m i n u te s < 5 0 Defnite  e ye ,  s ki n ,  a n d  u p p e r  
r e s p i r a to r y tr a c t i r r i ta ti o n

5 0 –1 0 0 M o d e r a te  i r r i ta ti o n  o f a l l  
b o d y s u r fa c e s

1 0 0 –2 0 0 M o d e r a te  i r r i ta ti o n  o f a l l  
b o d y s u r fa c e s ;  e s c a p e -
i m p a i r i n g  e ffe c ts  l i ke l y

> 2 0 0 E s c a p e -i m p a i r i n g  e ffe c ts  wi l l  
o c c u r ;  i n c r e a s i n g  
c o n c e n tr a ti o n s  c a n  b e  
l e th a l  wi th o u t m e d i c a l  
i n te r ve n ti o n



C L E AN  AGE N T  F I RE  E X T I N GU I S H I N G  S YS T E M S2 0 0 1 - 1 1 2

2 0 2 2  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Vo l  %  age n t
0 . 2 1 P P

0 . 2 1 P

AT M O , L I M

AT M

2
=

−

×1 0 0

wh e r e :
P AT M = l o c al  m e an  a tm o s p h e r i c  p r e s s u r e

P O 2 ,  L I M = l i m i ti n g p a r ti al  p r e s s u r e  o f o x yge n  c o r r e s p o n d i n g to  a
s e a  l e ve l  e x p o s u r e  ti m e  l i m i t

T h e  e ffe c t o f a l ti tu d e  o n  l i m i ti n g  ag e n t c o n c e n tr ati o n s  i s
g i ve n  i n  Tab l e  B . 2 ( b ) .

Tab l e  B . 2 ( c )  p r o vi d e s  i n fo r m ati o n  o n  p h ys i o l o g i c al  e ffe c ts  o f
i n e r t g as  ag e n ts  c o ve r e d  b y th i s  s ta n d a r d .  T h e  h e al th  c o n c e r n

fo r  i n e rt g as  c l e a n  ag e n ts  i s  as p h yx i ati o n  d u e  to  th e  l o we r e d
o x yg e n  l e ve l s .  Wi th  i n e r t ga s  ag e n ts ,  an  o x yg e n  c o n c e n tr a ti o n

o f n o  l e s s  th an  1 0  p e r c e n t ( s e a  l e ve l  e q u i val e n t)  i s  r e q u i r e d  fo r
n o r m al l y o c c u p i e d  ar e a s .  T h i s  c o r r e s p o n d s  to  an  ag e n t c o n c e n ‐
tr ati o n  o f n o  m o r e  th an  5 2  p e r c e n t.

I G- 5 4 1  u s e s  c a r b o n  d i o x i d e  to  p r o m o te  b r e ath i n g  c h ar a c te r ‐
i s ti c s  i n te n d e d  to  s u s ta i n  l i fe  i n  th e  oxygen-defcient e n vi r o n ‐

m e n t fo r  p r o te c ti o n  o f p e r s o n n e l .  C ar e  s h o u l d  b e  u s e d  n o t to
d e s i g n  i n e r t g as –typ e  s ys te m s  fo r  n o r m al l y o c c u p i e d  a r e as  u s i n g

 
[ B . 2 ]N

d e s i g n  c o n c e n tr ati o n s  h i gh e r  th a n  th at specifed  i n  th e  s ys te m
m a n u fac tu r e r ’ s  l i s te d  d e s i g n  m an u a l  fo r  th e  h az ar d  b e i n g

p r o te c te d .

I n e r t ga s  ag e n ts  d o  n o t d e c o m p o s e  m e as u r a b l y i n  e x ti n ‐
g u i s h i n g  a fre.  As  s u c h ,  to x i c  o r  c o r r o s i ve  d e c o m p o s i ti o n  p r o d ‐
u c ts  ar e  n o t fo u n d .  H o we ve r,  h e at an d  b r e a kd o wn  p r o d u c ts  o f

th e  fre  i ts e l f c a n  s ti l l  b e  s u b s tan ti a l  an d  c o u l d  m a ke  th e  ar e a
u n te n a b l e  fo r  h u m a n  o c c u p an c y.

N Tab l e  B . 2 ( a)  O x yge n  P ar ti al  P re s s u re  at S e a L e ve l
C o r re s p o n d i n g to  E x p o s u re  L i m i ts  G i ve n  i n  4 . 3 . 3 . 5

E x p o s ure
T i m e

( m i n )

Age n t
C o n c e n trati o n

( vo l  % )

O 2 %  at
S e a

L e ve l

P ar ti al
P re s s u re

o f O 2  ( m m
H g)

Ai r  r e fe r e n c e 0 2 1 1 5 9 . 6
5 4 3 1 2 . 0 9 1 . 0
3 5 2 1 0 . 1 7 6 . 6

1 ∕2 6 2 8 . 0 6 0 . 6

N o te :  M e a n  a tm o s p h e r i c  p r e s s u r e  a t s e a  l e ve l  i s  7 6 0  m m  H g .

N Tab l e  B . 2 ( b )  Re l ati o n s h i p  o f Al ti tud e  to  Atm o s p h e ri c  P re s s u re ,  O x yge n  P ar ti al  P re s s u re  i n  Ai r,  an d  L i m i ti n g Age n t C o n c e n trati o n

   L i m i ti n g Age n t C o n c e n trati o n  ( vo l  % )

Al ti tude
Ab o ve  S e a L e ve l

( ft)
PAT M

( m m  H g)

O 2  P ar ti al  P re s s ure  i n
Ai r

( m m  H g)

5  m i n  E xp o s ure
P( O 2 )  =

9 1  m m  H g

3  m i n  E xp o s u re
P( O 2 )  =

7 6 . 6  m m  H g

3 0  s e c  E x p o s u re
P( O 2 )  =

6 0 . 6  m m  H g

-3 , 0 0 0 8 4 0 1 7 6 . 4 4 8 . 4 5 6 . 6 6 5 . 6
-2 , 0 0 0 8 1 2 1 7 0 . 5 4 6 . 6 5 5 . 1 6 4 . 5
-1 , 0 0 0 7 8 7 1 6 5 . 3 4 4 . 9 5 3 . 7 6 3 . 3

0 7 6 0 1 5 9 . 6 4 3 . 0 5 2 . 0 6 2 . 0
1 , 0 0 0 7 3 3 1 5 3 . 9 4 0 . 9 5 0 . 2 6 0 . 6
2 , 0 0 0 7 0 5 1 4 8 . 1 3 8 . 5 4 8 . 3 5 9 . 1
3 , 0 0 0 6 7 9 1 4 2 . 6 3 6 . 2 4 6 . 3 5 7 . 5
4 , 0 0 0 6 5 0 1 3 6 . 5 3 3 . 3 4 3 . 9 5 5 . 6
5 , 0 0 0 6 2 2 1 3 0 . 6 3 0 . 3 4 1 . 4 5 3 . 6
6 , 0 0 0 5 9 6 1 2 5 . 2 2 7 . 3 3 8 . 8 5 1 . 6
7 , 0 0 0 5 7 0 1 1 9 . 7 2 4 . 0 3 6 . 0 4 9 . 4
8 , 0 0 0 5 5 0 1 1 5 . 5 2 1 . 2 3 3 . 7 4 7 . 5
9 , 0 0 0 5 2 8 1 1 0 . 9 1 7 . 9 3 0 . 9 4 5 . 3

1 0 , 0 0 0 5 0 5 1 0 6 . 1 1 4 . 2 2 7 . 8 4 2 . 9

N Tab l e  B . 2 ( c )  P h ys i o l o gi c al  E ffe c ts  o f I n e r t G as  Age n ts

Age n t
N o  E ffe c t L e ve l *

( % )
L o w E ffe c t L e ve l *

( % )

I G-0 1 4 3 5 2
I G- 1 0 0 4 3 5 2

I G-5 5 4 3 5 2
I G- 5 4 1 4 3 5 2

* B a s e d  o n  p h ys i o l o g i c a l  e ffe c ts  i n  h u m a n s  i n  h yp o x i c  atm o s p h e r e s .  T h e s e  va l u e s  a r e  th e  fu n c ti o n a l  e q u i va l e n ts
o f N O AE L  a n d  L O AE L  val u e s  a n d  c o r r e s p o n d  to  1 2  p e r c e n t m i n i m u m  o x yg e n  fo r  th e  n o  e ffe c t l e ve l  an d
1 0  p e r c e n t m i n i m u m  o x yg e n  fo r  th e  l o w e ffe c t l e ve l .


