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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®  3 1 8

S tan d ard  fo r th e

P ro te c ti o n  o f S e m i c o n d u c to r Fab ri c ati o n  Fac i l i ti e 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 3 1 8 ,  Standard for the Protection of Semiconductor Fabrication Facilities,  was
p r e p a r e d  b y th e  Te c h n i c a l  C o m m i tte e  o n  S e m i c o n d u c to r  an d  Re l ate d  F ac i l i ti e s  an d  ac 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 tan 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  an  e ffe c ti ve  d ate  o f S e p te m b e r  1 5 ,  2 0 2 1 ,  an d
s u p e r s e d e s  al 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 3 1 8  wa s  a p p r o ve d  a s  a n  Am e r i c a n  N a ti o n a l  S ta n d ar 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 3 1 8

T h e  C o m m i tte e  o n  C l e an r o o m s  wa s  fo r m e d  i n  1 9 8 8  a n d  h e l d  i ts  frst m e e ti n g  d u r i n g M a y o f th at
ye ar.  T h e  c o m m i tte e  wa s  o r g an i z e d  i n to  c h ap te r  s u b c o m m i tte e s  th at s e p ar a te l y p r e p ar e d  i n d i vi d u al
c h a p te r s  a n d  r e l a te d  a p p e n d i x  m ate r i al  fo r  re vi e w b y th e  fu l l  c o m m i tte e  at m e e ti n g s  h e l d  O c to b e r
1 9 8 8 ,  M ar c h  1 9 8 9 ,  S e p te m b e r  1 9 8 9 ,  M a r c h  1 9 9 0 ,  S e p te m b e r  1 9 9 0 ,  a n d  J u n e  1 9 9 1 .

T h e  s tan d a r d  wa s  s u b m i tte d  an d  a d o p te d  a t th e  F al l  M e e ti n g  i n  M o n tr e a l  i n  1 9 9 1 .  T h e  1 9 9 2
e d i ti o n  was  th e  frst e d i ti o n  o f th i s  s ta n d ar d .

T h e  s tan d a r d  wa s  r e vi s e d  i n  1 9 9 5 .

T h e  1 9 9 8  a n d  2 0 0 0  e d i ti o n s  we r e  p ar ti a l  re vi s i o n s  o f th e  s ta n d a r d .

T h e  2 0 0 2  e d i ti o n  o f th i s  s tan d ar d  i n c o r p o r ate d  Ar ti c l e  5 1  o f N F PA 1 ,  Uniform Fire Code,  an d  was
r e fo r m atte d  to  c o m p l y wi th  th e  Manual of Style for NFPA Technical Committee Documents.

T h e  2 0 0 6  e d i ti o n  c o n tai n e d  a n e w c h ap te r  a d d r e s s i n g  q u an ti ty l i m i ts  fo r  h az ar d o u s  m a te r i al s
fo l l o wi n g  c o o r d i n ati o n  o f th i s  i n fo r m ati o n  wi th  NFPA 5000,  Building Construction and Safety Code.

T h e  2 0 0 9  e d i ti o n  clarifed  th e  r e q u i r e m e n ts  fo r  b o th  Typ e  1  an d  Typ e  2  s u b atm o s p h e r i c  ga s
s ys te m s .  Re vi s i o n s  al s o  i n c l u d e d  th e  r e m o va l  o f s e i s m i c  c o n s i d e r ati o n s ,  i n  o r d e r  to  fo c u s  th e  s c o p e  o f
th e  d o c u m e n t.

T h e  2 0 1 2  e d i ti o n  p r o vi d e d  ad d i ti o n al  modifcations  to  th e  r e q u i r e m e n ts  fo r  s u b atm o s p h e r i c  ga s
s ys te m s  ( S AGS )  b a s e d  o n  th e  te c h n i c a l  c o m m i tte e ’ s  r e vi e w o f n e c e s s ar y s afe g u ar d s  fo r  th e s e  s ys te m s .
S e ve r al  r e fe r e n c e  s tan d ar d s  we r e  u p d a te d  a s  p ar t o f th i s  r e vi s i o n .

T h e  2 0 1 5  e d i ti o n  was  c o m p l e te l y r e o r g an i z e d  i n  an  e ffo r t to  m a ke  th e  s tan d ar d  m o r e  u s e r
fr i e n d l y.  T h e  te r m  subatmospheric gas system was  r e vi s e d  to  subatmospheric gas source th r o u g h o u t th e
s tan d ar d  to  c l ar i fy i ts  m e an i n g.  Var i o u s  c a te go r i e s  o f h az ar d o u s  m a te r i al s  we r e  identifed,  an d  th e
c o n c e p t o f “ H P M  r i s k as s e s s m e n t”  was  i n tr o d u c e d .  N e w r e q u i r e m e n ts  we r e  a d d e d  th r o u gh o u t th e
s tan d ar d  th at e n c o m p a s s e d  th e  fo l l o wi n g s u b j e c t m atte r :  h az ar d o u s  m a te r i al s ,  l i q u i d  c h e m i c a l
s to r ag e  a n d  h an d l i n g,  ga s  s to r ag e  a n d  h an d l i n g,  p r o d u c ti o n  a n d  s u p p o r t e q u i p m e n t,  wa s te
tr e atm e n t,  an d  fre  p r o te c ti o n .

F o r  th e  2 0 1 8  e d i ti o n ,  th e  m o s t n o te wo r th y c h an g e s  we r e  m aj o r  r e vi s i o n s  to  th e  r e q u i r e m e n ts  fo r
b o th  g as -d e te c ti o n  s ys te m s  an d  s m o ke  d e te c ti o n  s ys te m s .  B o th  to p i c s  we r e  te c h n i c a l l y modifed  an d
r e vi s e d  fo r  c l ar i ty.  Ga s  d e te c ti o n  c r i te r i a wa s  r e vi s e d  to  c l ar i fy wh e n  d e te c ti o n  was  n e e d e d  an d  wh e r e
i t wa s  r e q u i r e d  to  b e  p h ys i c al l y p r o vi d e d .  T h e  s m o ke  d e te c ti o n  r e q u i r e m e n ts  we r e  r e vi s e d  to  i n c l u d e
n o t j u s t th e  m i n i m u m  c ap a b i l i ti e s  o f d e te c to r s  b u t al s o  th e  c o ve r ag e  ar e as ,  al e r t an d  al a r m
s e n s i ti vi ti e s ,  an d  m a x i m u m  tr an s p o r t ti m e s  take n  fr o m  N F PA 7 6 ,  wh i c h  we r e  b as e d  o n  r e s e ar c h
c o n d u c te d  b y th e  F i r e  P r o te c ti o n  Re s e a r c h  Fo u n d ati o n .
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I n  th e  2 0 2 2  e d i ti o n  o f N F PA 3 1 8 ,  th e  ta b l e s  fo r  h az ar d o u s  m ate r i a l  q u a n ti ty l i m i ts  we r e  u p d ate d  to  c l ar i fy a gg r e g ate  l i m i ts
a n d  al l o wa b l e  i n c r e as e s ,  a n d  to  refect q u a n ti ti e s  u ti l i z e d  i n  fa b r i c ati o n  fa c i l i ti e s .  T h e r e  i s  a  n e w r e q u i r e m e n t fo r  c ab i n e ts
s to ri n g  p yr o p h o ri c  l i q u i d s  to  b e  p r o te c te d  b y a  fre  c o n tr o l  s ys te m ,  an d  a n n e x  m ate r i a l  was  ad d e d  to  l i s t fre  c o n tr o l
p e r fo r m a n c e  r e q u i r e m e n ts  fo r  p yr o p h o r i c  l i q u i d  fres.  A s ta te m e n t was  ad d e d  to  a l l o w b u l k g as  p u r ge  s o u r c e s  to  b e  u s e d  i n
p l ac e  o f p u r g e  c yl i n d e r s  i f specifc  c r i te r i a a r e  m e t.  H i g h -s e n s i ti vi ty s m o ke  d e te c ti o n  wa s  a d d e d  as  a d e te c ti o n  o p ti o n  fo r  s i l a n e
d e l i ve r y s ys te m s .
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Te c h n i c al  C o m m i tte e  o n  S e m i c o n d u c to r an d  Re l ate d  Fac i l i ti e s

Ri c k G ue vara,  Chair
Te c h n o l o g y Ri s k C o n s u l ti n g  S e r vi c e s ,  L L C ,  C A [ S E ]

J o h n  G .  Ro n an ,  Secretary
M i c r o n  Te c h n o l o g y,  I n c . ,  I D  [ U ]

Ro b e r t J .  B al l ard ,  Vi c tau l i c ,  PA [ M ]
Re p .  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

Al as tai r R.  B ro wn ,  H KA Gl o b a l ,  S c o tl a n d  [ S E ]

Vi n c e n t D e G i o rgi o ,  VAD  C o n s u l ti n g ,  L L C ,  F L  [ S E ]

J o n ath an  M .  E i s e n b e rg,  Ar u p ,  M A [ S E ]

S c o tt E n i de s ,  S . R. I .  F i r e  S p r i n kl e r  L L C ,  N Y [ M ]
Re p .  N ati o n a l  F i r e  S p r i n kl e r  As s o c i a ti o n

Ri c h ard Ffre n c h ,  F M  G l o b al ,  RI  [ I ]

Am an da G o n z al e z ,  Gl o b a l  F o u n d r i e s ,  I n c . ,  N Y [ U ]

J e ffre y S .  G ro ve ,  J E N S E N  H U GH E S ,  N V [ S E ]

Yo u n gh o o n  J o o ,  S a m s u n g  F & M  I n s u r a n c e ,  S o u th  Ko r e a  [ I ]

Ran d y L uc km an ,  AX A X L  Ri s k C o n s u l ti n g / G AP S ,  C A [ I ]

E uge n e  Y.  N gai ,  C h e m i c a l l y S p e a ki n g  L L C ,  N J  [ S E ]

Ro d n e y D .  Ran dal l ,  Z u r i c h  S e r vi c e s  C o r p o r a ti o n ,  C A [ I ]

M ark S au c i e r,  Te x a s  I n s tr u m e n ts ,  T X  [ U ]

S c o tt E .  S wan s o n ,  I n te l  C o r p o r ati o n ,  O R [ U ]

S te ve n  R.  Tram m e l l ,  B S I  E S H  S e r vi c e s  a n d  S o l u ti o n s ,  T X  [ S E ]

M atth e w T.  Wym an ,  Ko e tte r  F i r e  P r o te c ti o n  I n te r n a ti o n a l  I n c . ,  T X
[ M ]

Al te r n ate s

D e n i s e  B e ac h ,  F M  Gl o b a l ,  M A [ I ]
( Al t.  to  Ri c h a r d  F fr e n c h )

B r uc e  H .  C l arke ,  Am e r i c a n  I n te r n a ti o n a l  Gr o u p ,  I n c .  ( AI G ) ,  S C  [ I ]
( Vo ti n g  Al t. )

M ark T.  H o d ap p ,  J E N S E N  H U GH E S ,  M D  [ S E ]
( Al t.  to  J e ffr e y S .  Gr o ve )

S c o tt R.  L an g,  H o n e ywe l l  I n te r n a ti o n a l ,  I L  [ M ]
( Vo ti n g  Al t. )

P h i l  M az z urc o ,  S i e m e n s  I n d u s tr y,  I n c . ,  N J  [ M ]
( Vo ti n g  Al t. )

J as o n  M c Ke o wn ,  N o r th s ta r  F i r e  P r o te c ti o n ,  T X  [ M ]
( Al t.  to  S c o tt E n i d e s )

J o s e p h  V.  P o rad a,  Z u r i c h  S e r vi c e s  C o r p o r a ti o n ,  N V [ I ]
( Al t.  to  Ro d n e y D .  Ra n d al l )

B r yan  K.  P o we l l ,  AX A X L / X L  Ri s k C o n s u l ti n g / G l o b al  As s e t
P r o te c ti o n  S e r vi c e s ,  L L C ,  VA [ I ]

( Al t.  to  Ran d y L u c km a n )

M ark W.  S l i gh t,  I n te l  C o r p o r a ti o n ,  C A [ U ]
( Al t.  to  S c o tt E .  S wa n s o n )

B o b b i e  L .  S m i th ,  M i c r o n  Te c h n o l o g y,  I n c . ,  I D  [ U ]
( Al t.  to  J o h n  G.  Ro n a n )

J e ffre y S .  Tub b s ,  Ar u p ,  M A [ S E ]
( Al t.  to  J o n a th a n  M .  E i s e n b e r g )

J e re m y Wh e e l e r,  3 S  I n c o r p o r ate d ,  O H  [ M ]
( Al t.  to  Ro b e r t J .  B al l a r d )

N o n vo ti n g

D e n n i s  H .  C o l l i n s ,  F l o r e n c e ,  O R [ S E ]
( M e m b e r  E m e r i tu s )

D e n n i s  Ki rs o n ,  NAVFAC  M I D L AN T,  VA [ S E ]
( M e m b e r  E m e r i tu s )

G u y R.  C o l o n n a,  N F PA S ta ff L i ai s o n

This list represents the membership at the time the Committee was balloted on the fnal text of this edition.
Since that time,  changes in the membership may have occurred.  A key to classifcations is found at the
back of the document.

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 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  th e
fre  p r o te c ti o n  fo r  fa b r i c a ti o n  fa c i l i ti e s  a n d  c o m p a r ab l e  fab r i c a ti o n  p r o c e s s e s  fo r
s e m i c o n d u c to r,  d i s p l a y p an e l ,  p h o to vo l ta i c ,  a n d  r e l a te d  fa c i l i ti e s .  Wh e n  b u l k g a s  s ys te m s  a r e
i n vo l ve d  th e  r e s p o n s i b i l i ty b e g i n s  at a  p o i n t d o wn s tr e a m  o f th e  s o u r c e  val ve .
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5 . 4 S to r ag e  a n d  H an d l i n g  o f H a z a r d o u s

C h e m i c a l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 1
5 . 5 S e p ar a ti o n  o f H a z a r d o u s  C h e m i c a l s .  . . . . . . . . . . . . . . . . . 3 1 8 –  1 1
5 . 6 S ys te m s ,  E q u i p m e n t,  a n d  P r o c e s s e s .  . . . . . . . . . . . . . . . . . . 3 1 8 –  1 1
5 . 7 S u p p l y P i p i n g .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 2
5 . 8 We l d i n g .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 4

C h ap te r 6 L i q u i d C h e m i c al  S to rage  an d  H an d l i n g . . . . 3 1 8 –  1 4
6 . 1 Ge n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 4
6 . 2 F l a m m ab l e  a n d  C o m b u s ti b l e  L i q u i d  D e l i ve r y

S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 4
6 . 3 S p i l l  P r o te c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 5
6 . 4 P yro p h o r i c  L i q u i d s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 5
6 . 5 C o r r o s i ve  L i q u i d s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6
6 . 6 To x i c  an d  H i g h l y To x i c  M a te r i a l s .  . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6
6 . 7 Wa te r  Re ac ti ve  C h e m i s tr i e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6
6 . 8 O x i d i z e r s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6

C h ap te r 7 G as  S to rage  an d H an dl i n g . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6
7 . 1 Ge n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 6
7 . 2 C o r r o s i ve  Ga s e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 3 F l a m m ab l e  G a s e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 4 O x i d i z i n g  G as e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 5 P yro p h o r i c  Ga s e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 6 S i l a n e  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 7 To x i c  an d  H i g h l y To x i c  Ga s e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8

7 . 8 U n s ta b l e  Re a c ti ve  Ga s e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 9 C r yo g e n i c  F l u i d s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 1 0 B u l k O x yg e n  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 1 1 Ga s e o u s  H yd r o g e n  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 1 2 Liquefed  H yd r o g e n  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 1 3 Ga s  Ge n e r a ti o n  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8
7 . 1 4 D o p a n t Ga s  S o u r c e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 8

C h ap te r 8 P ro d uc ti o n  an d  S u p p o r t E q u i p m e n t . . . . . . . . . 3 1 8 –  1 9
8 . 1 G e n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 9
8 . 2 M a te r i a l s  o f C o n s tr u c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 9
8 . 3 E q u i p m e n t S a fe ty S ys te m s  a n d  I n te r l o c ks .  . . . . . . . . 3 1 8 –  1 9
8 . 4 E l e c tr i c al  D e s i g n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  1 9
8 . 5 P r o c e s s  L i q u i d  H e a ti n g  E q u i p m e n t.  . . . . . . . . . . . . . . . . . . 3 1 8 –  1 9
8 . 6 G e n e r a l  Re q u i r e m e n ts  fo r  To o l s  U s i n g

F l am m ab l e  o r  C o m b u s ti b l e  L i q u i d s .  . . . . . . . . . . . . . . . . . . 3 1 8 –  2 0
8 . 7 P h o to l i th o g r a p h y To o l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 0
8 . 8 I o n  I m p l a n te r s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 0
8 . 9 We t P r o c e s s  an d  We t E tc h  To o l s .  . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 0
8 . 1 0 C VD  a n d  F u r n a c e  To o l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
8 . 1 1 Au to m a te d  M ate r i a l s  H a n d l i n g  S ys te m s

( AM H S ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
8 . 1 2 S u p p o r t E q u i p m e n t.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
8 . 1 3 P r o d u c ti o n  E q u i p m e n t F i r e  P r o te c ti o n .  . . . . . . . . . . . . 3 1 8 –  2 1
8 . 1 4 E x p o s u r e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1

C h ap te r 9 E xh aus t S ys te m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
9 . 1 G e n e r a l  E x h a u s t C o n d i ti o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
9 . 2 L o c a l  H a z a r d o u s  C h e m i c a l  E x h a u s t S ys te m .  . . . . . 3 1 8 –  2 1
9 . 3 L o c a l  H a z a r d o u s  C h e m i c a l  E x h a u s t S ys te m

C o n s tr u c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 1
9 . 4 H az ar d o u s  C h e m i c al  E x h a u s t D u c t Airfow a n d

D i l u ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 2
9 . 5 E x h a u s t D u c ts .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 2
9 . 6 H az ar d o u s  C h e m i c al  E x h a u s t C o n tr o l s .  . . . . . . . . . . . . 3 1 8 –  2 2

C h ap te r 1 0 Was te  Tre atm e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 2
1 0 . 1 Wa s te  Re c o ve r y an d  H a n d l i n g  S ys te m s .  . . . . . . . . . . . . . 3 1 8 –  2 2
1 0 . 2 Ac i d  Wa s te  Tr e a tm e n t F a c i l i ty S a fe g u a r d s .  . . . . . . . . 3 1 8 –  2 2
1 0 . 3 O r g a n i c  Was te  Tr e a tm e n t F a c i l i ti e s .  . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 2
1 0 . 4 Wa s te  L i q u i d  H a n d l i n g .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 2
1 0 . 5 Effuent Tr e a tm e n t S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 3

1 0 . 6 S c r u b b e r s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 3
1 0 . 7 Va p o r  Re c o ve r y a n d  Va p o r  P r o c e s s i n g  S ys te m s .  3 1 8 –  2 3

C h ap te r 1 1 Fi re  P ro te c ti o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 3
1 1 . 1 F a c i l i ty-Wi d e  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 3
1 1 . 2 P r o te c ti o n  o f Specifc  F a c i l i ty E l e m e n ts .  . . . . . . . . . . . . 3 1 8 –  2 4

C h ap te r 1 2 G e n e ral  S afe ty P re c auti o n s  . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 6
1 2 . 1 E m e r g e n c y P l a n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 6
1 2 . 2 E m e r g e n c y Re s p o n s e  Te a m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 6
1 2 . 3 E m e r g e n c y D r i l l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 6

An n e x A E xp l an ato r y M ate ri al  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  2 6

An n e x B S e i s m i c  P ro te c ti o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  3 2

An n e x C P ro d uc ti o n  an d  S up p o r t E q u i p m e n t . . . . . . . . . 3 1 8 –  3 2

An n e x D I n fo r m ati o n al  Re fe re n c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  3 3

I n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 8 –  3 5
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UPDATES,  ALERTS,  AND FUTURE EDITIONS: New editions of
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tive Interim Amendments (TIAs) .  An offcial NFPA Standard at any
point in time consists of the current edition of the document,  together
with all TIAs and Errata in effect.  To verify that this document is the
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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 a n  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 a te s  m a te r i al  th a t h as  b e e n  e x tr ac te d  fr o 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 ar 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 tati 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 al l  b e  s e n t to  th e
te c h n i c a l  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 r c e  d o c u m e n t.

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

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

1 . 1 *  S c o p e .    T h i s  s tan d ar d  ap p l i e s  to  s e m i c o n d u c to r  fab r i c a‐
ti o n  fac i l i ti e s  an d  c o m p ar ab l e  fa b r i c ati o n  p r o c e s s e s ,  i n c l u d i n g
r e s e a r c h  an d  d e ve l o p m e n t ar e a s  i n  wh i c h  h a z a r d o u s  c h e m i c al s
ar e  u s e d ,  s to r e d ,  a n d  h an d l e d  an d  c o n ta i n i n g wh at i s  h e r e i n
defned  as  a c l e a n r o o m  o r  c l e an  z o n e ,  o r  b o th .

1 . 2 *  P u rp o s e .    T h i s  s ta n d a r d  i s  i n te n d e d  to  p r o vi d e  r e as o n a‐
b l e  s afe gu ar d s  fo r  th e  p r o te c ti o n  o f fac i l i ti e s  c o n tai n i n g c l e an ‐
r o o m s  fr o m  fre  a n d  r e l ate d  h a z a r d s .  T h e s e  s a fe g u a r d s  a r e
i n te n d e d  to  p r o vi d e  p r o te c ti o n  ag ai n s t i n j u r y,  l o s s  o f l i fe ,  an d
p r o p e r ty d a m ag e .

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 gr 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  at
th e  ti m e  th e  s ta n d ar d  was  i s s u e d .

1 . 3 . 1    U n l e s s  o th e r wi s e  specifed,  th e  p r o vi s i o n s  o f th i s  s tan d ‐
ar d  s h al l  n o t ap 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 tal ‐

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 ta l l ati o n  p r i o r  to  th e  e ffe c ti ve  d ate  o f th e  s ta n d ar d .  Wh e r e
specifed,  th e  p r o vi s i o n s  o f th i s  s ta n d a r d  s h al l  b e  r e tr o ac ti ve .

1 . 3 . 2    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 gr 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 .

1 . 3 . 3    T h e  r e tr o a c ti ve  r e q u i r e m e n ts  o f th i s  s tan d a r d  s h al l  b e
p e r m i tte d  to  b e  modifed  i f th e i r  ap p l i c a ti o n  c l e ar l y wo u l d  b e

i m p r ac ti c al  i n  th e  j u d g m e n t 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 ,  an d  o n l y wh e r e  i t i s  c l e a r l y e vi d e n t th at a r e as o n ab l e
d e g r e e  o f s a fe ty i s  p r o vi d e d .

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 .

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.

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 .

1 . 4 . 3 *    Al te r n a ti ve  s ys te m s ,  m e th o d s ,  o r  d e vi c e s  ap p r o ve d  a s
e q u i val e n t 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  s h al l  b e  r e c o g‐
n i z e d  as  b e i n g  i n  c o m p l i a n c e  wi th  th i s  s ta n d ar d .

1 . 5 *  U n i ts .    M e tr i c  u n i ts  o f m e as u r e m e n t i n  th i s  s ta n d ar 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 ) .  T h e  l i te r  u n i t,  wh i c h  i s  n o t
p ar t o f b u t i s  r e c o g n i z e d  b y S I ,  i s  c o m m o n l y u s e d  i n  i n te r n a‐
ti o n a l  fre  p r o te c ti o n .  C o n ve r s i o n  fac to r s  fo r  S I  u n i ts  a r e  fo u n d

i n  Ta b l e  1 . 5 .

Tab l e  1 . 5  S I  U n i ts  o f M e as u re

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
m e te r m 1  ft =  0 . 3 0 4 8  m
s q u ar e  m e te r m 2 1  ft2  =  0 . 0 9 3  m 2

ki l o p a s c a l kP a 1  p s i  =  6 . 8 9 5  kP a
l i te r L 1  g a l  =  3 . 7 8 5  L

l i te r / m i n u te L / m i n 1  g p m  =  3 . 7 8 5  L / m i n
1  ft3 / m i n  =  2 8 . 3  L / m i n

l i te r / m i n u te /
s q u a r e  m e te r

L / m i n · m 2 1  g p m / ft2  =  4 0 . 7 4 6
 L / m i n · m 2  ( m m / m i n )

l i te r / s e c o n d /
s q u a r e  m e te r

L / s · m 2 1  ft3 / m i n · ft2  =  0 . 0 4 4  L / s · m 2

c u b i c  m e te r /
m i n u te /
s q u a r e  m e te r

m 3 / m i n · m 2 1  ft3 / m i n · ft2  =  0 . 3 1  m 3 / m i n · m 2
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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 1 ,  Fire Code,  2 0 2 1  e d i ti o n .
N F PA 1 2 ,  Standard on Carbon Dioxide Extinguishing Systems,

2 0 2 1  e d i ti o n .
N F PA 1 3 ,  Standard for the Installation of Sprinkler Systems,  2 0 1 9

e d i ti o n .
N F PA 3 0 ,  Flammable and Combustible Liquids Code,  2 0 2 1

e d i ti o n .
N F PA 3 7 ,  Standard for the Installation and Use of Stationary

Combustion Engines and Gas Turbines,  2 0 2 1  e d i ti o n .
N F PA 5 5 ,  Compressed Gases and Cryogenic Fluids Code,  2 0 2 0

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 1 9

e d i ti o n .
N F PA 7 9 ,  Electrical Standard for Industrial Machinery,  2 0 2 1

e d i ti o n .
N F PA 9 0 A,  Standard for the Installation of Air-Conditioning and

Ventilating Systems,  2 0 2 1  e d i ti o n .
N F PA 9 2 ,  Standard for Smoke Control Systems,  2 0 2 1  e d i ti o n .
N F PA 1 01 ® ,  Life Safety Code®,  2 0 2 1  e d i ti o n .
N F PA 3 8 5 ,  Standard for Tank Vehicles for Flammable and Combus‐

tible Liquids,  2 0 1 7  e d i ti o n .
N F PA 4 0 0 ,  Hazardous Materials Code,  2 0 1 9  e d i ti o n .
N F PA 4 9 7 ,  Recommended Practice for the Classifcation of Flamma‐

ble Liquids,  Gases,  or Vapors and of Hazardous (Classifed) Locations
for Electrical Installations in Chemical Process Areas,  2 0 2 1  e d i ti o n .

N F PA 7 0 4 ,  Standard System for the Identifcation of the Hazards of
Materials for Emergency Response,  2 0 1 7  e d i ti o n .

N F PA 7 5 0 ,  Standard on Water Mist Fire Protection Systems,  2 0 1 9
e d i ti o n .

N F PA 2 0 0 1 ,  Standard on Clean Agent Fire Extinguishing Systems,
2 0 2 1  e d i ti o n .

NFPA 5000®,  Building Construction and Safety Code®,  2 0 2 1
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  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 a r 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  A. 1 3 . 1 ,  Scheme for the Identifcation of Piping Systems,
2 0 1 5 .

AS M E  B 3 1 . 3 ,  Process Piping,  2 0 1 8 .

ASME Boiler and Pressure Vessel Code,  2 0 1 9 .

2 . 3 . 2  AS T M  P ub l i c ati o n s .    AS T M  I n te r n ati o n a l ,  1 0 0  B a r r
H ar 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  E 8 4 ,  Standard Test Method for Surface Burning Character‐
istics of Building Materials,  2 0 2 0 .

AS T M  E 1 1 9 ,  Standard Test Methods for Fire Tests of Building
Construction and Materials,  2 0 1 9 .

AS T M  E 1 3 6 ,  Standard Test Method for Assessing Combustibility of
Materials Using a Vertical Tube Furnace at 750°C,  2 0 1 9 a .

Δ 2 . 3 . 3  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 a ti o n ,  1 4 5 0 1
Ge o r ge  C a r te r  Wa y,  S u i te  1 0 3 ,  C h a n ti l l y,  VA 2 0 1 5 1 .

AN S I / C GA G-1 3 ,  Storage and Handling of Silane and Silane
Mixtures,  2 0 1 5 .

2 . 3 . 4  FM  P ub l i c ati o n s .    F M  G l o b al ,  2 7 0  C e n tr a l  Ave n u e ,  P. O .
B o x  7 5 0 0 ,  J o h n s to n ,  RI  0 2 9 1 9 .

AN S I / F M  4 9 1 0 ,  Standard for Cleanroom Materials Flammability
Test Protocol,  2 0 1 3 .

2 . 3 . 5  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  1 4 6 4 4 -1 ,  Cleanrooms and associated controlled environments
— Part 1 : Classifcation of air cleanliness by particle concentration,
2 n d  e d i ti o n ,  2 0 1 5 .

2 . 3 . 6  S E M I  P u b l i c ati o n s .    S e m i c o n d u c to r  E q u i p m e n t an d
M ate r i a l s  I n te r n a ti o n a l ,  3 0 8 1  Z a n ke r  Ro ad ,  S an  J o s e ,  C A

9 5 1 3 4 .

S E M I  F 1 ,  Specifcation for Leak Integrity of High-Purity Gas Piping
Systems and Components,  1 9 9 6 .

S E M I  S 3 ,  Safety Guideline for Process Liquid Heating Systems,
2 0 1 1 .

Δ 2 . 3 . 7  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 6 3 ,  Fire Tests of Building Construction and Materials,  2 0 1 1 ,
r e vi s e d  2 0 1 8 .

U L  7 2 3 ,  Test for Surface Burning Characteristics of Building Mate‐
rials,  2 0 1 8 .

U L  9 0 0 ,  Air Filter Units,  2 0 1 5 .

U L  2 3 6 0 ,  Test Method for Determining the Combustibility Charac‐
teristics of Plastics Used in Semiconductor Tool Construction,  2 0 0 0 ,

r e vi s e d  2 0 1 7 .

2 . 3 . 8  O th e r P u b 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 a m -
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 ,  Fire Code,  2 0 1 8  e d i ti o n .
N F PA 3 0 ,  Flammable and Combustible Liquids Code,  2 0 1 8

e d i ti o n .
N F PA 5 5 ,  Compressed Gases and Cryogenic Fluids Code,  2 0 1 6

e d i ti o n .
N F PA 6 9 ,  Standard on Explosion Prevention Systems,  2 0 1 9

e d i ti o n .
N F PA 4 0 0 ,  Hazardous Materials Code,  2 0 1 9  e d i ti o n .
N F PA 1 6 7 0 ,  Standard on Operations and Training for Technical

Search and Rescue Incidents,  2 0 1 7  e d i ti o n .
NFPA 5000®,  Building Construction and Safety Code®,  2 0 1 8

e d i ti o n .
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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 ga n i z ati o n ,
offce,  o r  i n d i vi d u a l  re 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 ard ,  o r  fo r  ap p r o vi n g e q u i p m e n t,  m ate r i a l s ,
an  i n s tal 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 a te r i al 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
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
a d 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 ate  r e q u i r e m e n ts  a n d  th at 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 a to r y r e fe re n c e  b y an o th e r  s ta n d ar d  o r  c o d e  o r  fo r

a d 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  ar 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 a r 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

a c 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 ar d s ,
i n c l u d i n g  C o d e s ,  S tan d ar d s ,  Re c o m m e n d e d  P r ac ti c e s ,  an d
Gu i d e s .

3 . 3  G e n e ral  Defnitions.

3 . 3 . 1  B u l k  G as  S ys te m .     A s ys te m  i n  wh i c h  c o m p r e s s e d  g as  i s
d e l i ve r e d ,  s to r e d ,  a n d  d i s c h ar g e d  i n  th e  g as e o u s  fo r m  to  a

p i p i n g  s ys te m .  T h e  th r e s h o l d  q u a n ti ty u s e d  to  defne  a  b u l k ga s
s ys te m  i s  d e te r m i n e d  b as e d  o n  material-specifc  r e q u i r e m e n ts .
T h e  c o m p r e s s e d  gas  s ys te m  te r m i n ate s  a t th e  p o i n t wh e r e

c o m p r e s s e d  ga s  at s e r vi c e  p r e s s u r e  frst e n te r s  th e  d i s tr i b u ti o n
p i p i n g  s ys te m .  

3 . 3 . 2  C l e an  Z o n e .    A defned  s p a c e  i n  wh i c h  th e  c o n c e n tr a ti o n
o f ai r b o r n e  p a r ti c l e s  i s  c o n tr o l l e d  to  specifed  l i m i ts .

3 . 3 . 3  C l e an ro o m .    A r o o m  i n  wh i c h  th e  c o n c e n tr ati o n  o f
ai r b o r n e  p ar ti c l e s  i s  c o n tr o l l e d  to  specifed  l i m i ts ,  i n c l u d i n g
ar e as  b e l o w th e  r ai s e d  foor  an d  a b o ve  th e  c e i l i n g  g r i d  i f th e s e

a r e as  ar e  p a r t o f th e  ai r  p ath  an d  wi th i n  th e  r ate d  c o n s tr u c ti o n .

3 . 3 . 4  C o m p re s s e d  G as .    A m ate r i a l ,  o r  m i x tu r e  o f m ate r i a l s ,
th at ( 1 )  i s  a g as  a t 2 0 ° C  ( 6 8 ° F )  o r  l e s s  a t an  a b s o l u te  p r e s s u r e  o f

1 0 1 . 3  kP a  ( 1 4 . 7  p s i )  an d  ( 2 )  h a s  a  b o i l i n g p o i n t o f 2 0 ° C  ( 6 8 ° F )
o r  l e s s  a t an  ab s o l u te  p r e s s u r e  o f 1 0 1 . 3  kP a ( 1 4 . 7  p s i )  a n d  th a t

i s  liquefed,  nonliquefed,  o r  i n  s o l u ti o n ,  e x c e p t th o s e  g as e s
th a t h a ve  n o  o th e r  h e al th  o r  p h ys i c a l  h az ar d  p r o p e r ti e s  a r e  n o t

c o n s i d e r e d  to  b e  c o m p r e s s e d  g as e s  u n ti l  th e  p r e s s u r e  i n  th e
p ac kag i n g  e x c e e d s  a n  ab s o l u te  p r e s s u r e  o f 2 8 0  kP a  ( 4 0 . 6  p s i )  at
2 0 ° C  ( 6 8 ° F ) .  [ 5 5 ,  2 0 1 6 ]

3 . 3 . 5  C o m p re s s e d  G as  C o n tai n e r.    A p r e s s u r e  ve s s e l  d e s i g n e d
to  h o l d  c o m p r e s s e d  g as  a t an  a b s o l u te  p r e s s u r e  gr e a te r  th a n  1
atm o s p h e r e  a t 2 0 ° C  ( 6 8 ° F )  th at i n c l u d e s  c yl i n d e r s ,  c o n ta i n e r s ,

a n d  tan ks .  [ 5 0 0 0 ,  2 0 1 8 ]

3 . 3 . 6 *  C o r ro s i ve  M ate ri al .    A c h e m i c a l  th at c au s e s  vi s i b l e
d e s tr u c ti o n  o f,  o r  i r r e ve r s i b l e  al te r a ti o n s  i n ,  l i vi n g  ti s s u e  b y

c h e m i c a l  ac ti o n  at th e  p o i n t o f c o n ta c t.  [ 1 ,  2 0 1 8 ]

3 . 3 . 7  D o p an t G as .    A d o p a n t ga s  i s  a m o l e c u l e  th a t wi l l  i n s e r t a
tr a c e  i m p u r i ty e l e m e n t i n to  a s u b s ta n c e  i n  o r d e r  to  al te r  th e

e l e c tr i c a l  p r o p e r ti e s  o r  th e  o p ti c a l  p r o p e r ti e s  o f th e  s u b s tan c e .

3 . 3 . 8  E x h au s te d  E n c l o s ure .    I n  s e m i c o n d u c to r  fab r i c a ti o n
fac i l i ti e s ,  e x h au s te d  e n c l o s u r e s  p r o vi d e  s e c o n d ar y c o n ta i n m e n t
fo r  p i e c e s  o f e q u i p m e n t,  m e c h a n i c al  fttings,  o r  val ve s ,  p r o vi d ‐

i n g  a  m e a n s  o f l o c a l  e x h a u s t fo r  c a p tu r i n g  p o te n ti al  g as e s ,
fu m e s ,  va p o r s ,  a n d  m i s ts  r e s u l ti n g fr o m  ab n o r m al  c o n d i ti o n s .

3 . 3 . 9  E x p l o s i o n .    T h e  b u r s ti n g  o r  r u p tu r e  o f an  e n c l o s u r e  o r  a
c o n tai n e r  d u e  to  th e  d e ve l o p m e n t o f i n te r n al  p r e s s u r e  fr o m  a
defagration.  [ 6 9 ,  2 0 1 9 ]

3 . 3 . 1 0  Fab ri c ati o n  Are a ( Fab  Are a) .    An  a r e a wi th i n  a  s e m i c o n ‐
d u c to r  fab r i c ati o n  fa c i l i ty an d  r e l ate d  r e s e a r c h  a n d  d e ve l o p ‐

m e n t a r e as  i n  wh i c h  th e r e  ar e  p r o c e s s e s  u s i n g h az ar d o u s
p r o d u c ti o n  m ate r i al s ;  s u c h  ar e as  i n c l u d e  c l e an r o o m s ,  p r o c e s s

e q u i p m e n t s u p p o r t ar e a s ,  p a r ts  c l e a n  a n d  an c i l l a r y r o o m s  th a t
ar e  d i r e c tl y r e l a te d  to  th e  fab  ar e a p r o c e s s e s .

3 . 3 . 1 1  Fac i l i ty S u b - fab .    A s u p p o r t ar e a ,  u s e d  fo r  fa c i l i ty e q u i p ‐
m e n t an d  s e r vi c e s ,  l o c ate d  b e l o w th e  fab r i c a ti o n  c l e an r o o m

l e ve l ,  b u t wh i c h  i s  s e p a r ate d  fr o m  th e  c l e an r o o m  ai r  fow b y a
fre-rated  b a r r i e r.  Typ i c al l y l o c ate d  o n e  l e ve l  b e l o w th e  C l e a n

S u b -fab ,  wh i c h  i s  d i r e c tl y b e l o w th e  fab r i c ati o n  c l e an r o o m
l e ve l ,  an d  i s  wi th i n  th e  a i r  r e tu r n  p ath .  S o m e ti m e s  r e fe r r e d  to
as  th e  “ D i r ty S u b - fa b . ”

3 . 3 . 1 2  Fl am m ab l e  D e grad ati o n  Te m p e ratu re  ( FD T ) .    T h e
te m p e r a tu r e  a t wh i c h  a l i q u i d  d e g r ad e s  p r o d u c i n g  a  fammable

b yp r o d u c t.  [ S E M I  S 3 -0 3 0 6 ]  [Defnition  r e p u b l i s h e d  wi th
p e r m i s s i o n  fr o m  S e m i c o n d u c to r  E q u i p m e n t a n d  M ate r i al s
I n te r n ati o n a l ,  I n c .  ( S E M I )  ©  2 0 1 2 ]

3 . 3 . 1 3  Fl am m ab l e  Vap o rs  o r Fum e s .    T h e  c o n c e n tr a ti o n  o f
fammable  c o n s ti tu e n ts  i n  ai r  th at e x c e e d  2 5  p e r c e n t o f th e i r
fammability l i m i t.

3 . 3 . 1 4  G as  C ab i n e t.    A fu l l y e n c l o s e d ,  n o n c o m b u s ti b l e  e n c l o ‐
s u r e  u s e d  to  p r o vi d e  an  i s o l a te d  e n vi r o n m e n t fo r  c o m p r e s s e d

ga s  c yl i n d e r s  i n  s to r ag e  o r  u s e .  D o o r s  a n d  a c c e s s  p o r ts  fo r
e x c h an g i n g  c yl i n d e r s  an d  ac c e s s i n g p r e s s u r e -r e g u l a ti n g

c o n tr o l s  a r e  al l o we d  to  b e  i n c l u d e d .

3 . 3 . 1 5  G rad e  P l an e .    A r e fe r e n c e  p l an e  u p o n  wh i c h  ve r ti c al
m e a s u r e m e n ts  o f a b u i l d i n g  a r e  b a s e d .

3 . 3 . 1 6  H az ard o us  P ro d uc ti o n  M ate ri al .    I n  s e m i c o n d u c to r
fab r i c a ti o n  fac i l i ti e s ,  an y s o l i d ,  l i q u i d ,  o r  g as  th a t h as  a d e gr e e -

o f-h a z a r d  r ati n g  i n  h e al th ,  fammability,  o r  r e ac ti vi ty o f C l a s s  3
o r  4  as  r an ke d  b y N F PA 7 0 4 .
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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 .

3 . 3 . 1 7  I m m e d i ate l y D an ge ro u s  to  L i fe  o r H e al th  ( I D L H ) .    An y
c o n d i ti o n  th at wo u l d  p o s e  an  i m m e d i a te  o r  d e l a ye d  th r e at to
l i fe ,  c au s e  i r r e ve r s i b l e  a d ve r s e  h e al th  e ffe c ts ,  o r  i n te r fe r e  wi th
an  i n d i vi d u al ' s  ab i l i ty to  e s c a p e  u n ai d e d  fr o m  a  h az ar d o u s  e n vi ‐
r o n m e n t.  [ 1 6 7 0 ,  2 0 1 7 ]

3 . 3 . 1 8  I n c o m p ati b l e  M ate ri al s .    M ate r i al s  th at,  wh e n  m a ki n g
c o n tac t wi th  e ac h  o th e r  i n  a n  u p s e t c o n d i ti o n ,  c a n  r e ac t i n  a
m a n n e r  th a t g e n e r ate s  h e at,  fu m e s ,  g as e s ,  o r  b y-p r o d u c ts  th at
c o u l d  c au s e  d am ag e  to  l i fe  o r  p r o p e r ty.

3 . 3 . 1 9  I n te r fac e .    T h at p l a c e  a t wh i c h  i n d e p e n d e n t s ys te m s
m e e t an d  a c t o n  o r  c o m m u n i c ate  wi th  e ac h  o th e r.

3 . 3 . 2 0  I n te rl o c k .    A d e vi c e ,  o r  a n  a r r an g e m e n t o f d e vi c e s ,  i n
wh i c h  th e  o p e r ati o n  o f o n e  p ar t o r  o n e  m e c h an i s m  o f th e
d e vi c e  o r  a r r an g e m e n t c o n tr o l s  th e  o p e r ati o n  o f a n o th e r  p ar t
o f an o th e r  m e c h an i s m .

3 . 3 . 2 1  L i m i t.

3 . 3 . 2 1 . 1 *  Permissible Exposure Limit (PEL) .    T h e  m a x i m u m
p e r m i tte d  8 -h o u r,  ti m e -we i g h te d  ave r ag e  c o n c e n tr ati o n  o f

a n  ai r b o r n e  c o n tam i n an t.  [ 5 0 0 0 ,  2 0 1 8 ]

3 . 3 . 2 2  L i q ui d .    A m ate r i al  th at h a s  a m e l ti n g p o i n t th at i s
e q u al  to  o r  l e s s  th an  2 0 ° C  ( 6 8 ° F )  an d  a  b o i l i n g p o i n t th at i s
gr e ate r  th an  2 0 ° C  ( 6 8 ° F )  a t 1 0 1 . 3  kP a  ( 1 4 . 7  p s i a) .  Wh e n  n o t
o th e r wi s e  identifed,  th e  te r m  l i q u i d  s h al l  m e a n  b o th  famma‐
ble  an d  c o m b u s ti b l e  l i q u i d s .  [ 1 ,  2 0 1 8 ]

3 . 3 . 2 2 . 1  Combustible Liquid.    A l i q u i d  th a t h as  a c l o s e d -c u p
fash  p o i n t a t o r  ab o ve  3 7 . 8 ° C  ( 1 0 0 ° F ) .

3 . 3 . 2 2 . 2  Flammable Liquid.    A l i q u i d  th a t h a s  a  c l o s e d -c u p
fash  p o i n t th at i s  b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F )  a n d  a  m a x i m u m
va p o r  p r e s s u r e  o f 2 0 6 8  m m  H g  ( a b s o l u te  p r e s s u r e  o f 4 0  p s i )

a t 3 7 . 8 ° C  ( 1 0 0 ° F ) .

3 . 3 . 2 3  N o n c o m b u s ti b l e .    I n  s e m i c o n d u c to r  fab r i c a ti o n  fac i l i ‐
ti e s ,  a  m a te r i al  th a t,  i n  th e  fo r m  i n  wh i c h  i t i s  u s e d  an d  u n d e r
th e  c o n d i ti o n s  an ti c i p ate d ,  wi l l  n o t i g n i te ,  b u r n ,  s u p p o r t
c o m b u s ti o n ,  o r  r e l e a s e  fammable  va p o r s  wh e n  s u b j e c te d  to
fre  o r  h e a t.  M ate r i al s  th a t a r e  r e p o r te d  as  p as s i n g  AS T M  E 1 3 6 ,
Standard Test Method for Assessing Combustibility of Materials Using
a Vertical Tube Furnace at 750°C,  s h a l l  b e  c o n s i d e r e d  n o n c o m b u s ‐
ti b l e  m a te r i al s .

3 . 3 . 2 4  N o r m al  Te m p e ratu re  an d  P re s s ure  ( N T P ) .    A te m p e r a‐
tu r e  o f 2 1 . 1 ° C  ( 7 0 ° F )  an d  a  p r e s s u r e  o f 1  atm o s p h e r e
[ 1 0 1 . 3  kP a ( 1 4 . 7  p s i a ) ] .  [ 5 0 0 0 ,  2 0 1 8 ]

3 . 3 . 2 5  P as s - T h ro u gh .    An  e n c l o s u r e ,  i n s tal l e d  i n  a  wal l  an d
wi th  a  d o o r  o n  e ac h  s i d e ,  th at a l l o ws  c h e m i c al s ,  p r o d u c ti o n
m a te r i al s ,  e q u i p m e n t,  an d  p ar ts  to  b e  tr an s fe r r e d  fr o m  o n e
s i d e  o f th e  wal l  to  th e  o th e r.

3 . 3 . 2 6  P yro p h o ri c .    A c h e m i c a l  wi th  a n  a u to i gn i ti o n  te m p e r a‐
tu r e  i n  ai r  a t o r  b e l o w 5 4 . 4 ° C  ( 1 3 0 ° F ) .

3 . 3 . 2 7  Re s tri c te d  Fl o w Orifce  ( RFO ) .    A d e vi c e  l o c ate d  i n  th e
ga s  c yl i n d e r  va l ve  b o d y th at r e s tr i c ts  th e  m ax i m u m  fow r ate  to
3 0  L / m i n  ( 1 . 0 6  ft3 / m i n ) .

3 . 3 . 2 8  Ro o m .

3 . 3 . 2 8 . 1  Gas Room.    A s e p ar a te l y ve n ti l a te d ,  fu l l y e n c l o s e d
r o o m  i n  wh i c h  o n l y c o m p r e s s e d  ga s e s  an d  a s s o c i a te d  e q u i p ‐

m e n t an d  s u p p l i e s  ar e  s to r e d  o r  u s e d .

3 . 3 . 2 8 . 2  Hazardous Chemical Storage and Dispensing Room.    A
r o o m  u s e d  i n  c o n j u n c ti o n  wi th  o r  s e r vi n g  a fa b r i c ati o n  ar e a

wh e r e  h az ar d o u s  c h e m i c a l s  a r e  s to r e d ,  u s e d ,  o r  tr a n s fe r r e d
fr o m  ve s s e l s  i n  th e  r o o m  th r o u gh  p i p i n g s ys te m s  to  a fab r i ‐
c a ti o n  a r e a.

3 . 3 . 2 9  S e m i c o n d u c to r Fab ri c ati o n  Fac i l i ty.    B u i l d i n gs  o r
p o r ti o n s  th e r e o f u s e d  fo r  th e  fab r i c ati o n  o f s e m i c o n d u c to r s

an d  r e l ate d  r e s e ar c h  c o n tai n i n g  q u an ti ti e s  o f h az ar d o u s  m a te r i ‐
al s  e x c e e d i n g  th e  m ax i m u m  al l o wab l e  q u an ti ti e s  o f L e ve l  5
c o n te n ts  p e r m i tte d  i n  c o n tr o l  a r e a.

3 . 3 . 3 0  S e r vi c e  C o r ri d o r.    A fu l l y e n c l o s e d  p as s ag e  u s e d  fo r
tr a n s p o r ti n g H P M  a n d  fo r  p u r p o s e s  o th e r  th a n  r e q u i r e d  m e a n s

o f e gr e s s .  [ 5 0 0 0 ,  2 0 1 8 ]

3 . 3 . 3 1  S m o ke .    T h e  ai r b o r n e  s o l i d  an d  l i q u i d  p ar ti c u l ate s  an d
g as e s  e vo l ve d  wh e n  a m ate r i al  u n d e r go e s  p yr o l ys i s  o r  c o m b u s ‐

ti o n ,  to g e th e r  wi th  th e  q u an ti ty o f ai r  th at i s  e n tr a i n e d  o r  o th e r ‐
wi s e  m i x e d  i n to  th e  m as s .

3 . 3 . 3 2  S o u rc e  Val ve .      A s h u to ff val ve  o n  th e  p i p i n g s ys te m
s e r vi n g a b u l k ga s  s u p p l y s ys te m  wh e r e  th e  g as  s u p p l y,  a t s e r vi c e
p r e s s u r e ,  frst e n te r s  th e  s u p p l y l i n e .  [ 5 5 ,  2 0 1 6 ]

3 . 3 . 3 3  S tan d b y M o d e .    A m o d e  wh e r e i n  a l l  fow o f fammable
ga s  o r  l i q u i d  c e a s e s  an d  h e ate r s  h a ve  p o we r  r e m o ve d .

3 . 3 . 3 4  S u b atm o s p h e ri c  G as  S o u rc e  ( S AG S ) .

3 . 3 . 3 4 . 1  Subatmospheric Gas Storage and Delivery Source (Type
1  SAGS) .    A g as  s o u r c e  p a c ka ge  th a t s to r e s  a n d  d e l i ve r s  ga s

a t s u b atm o s p h e r i c  p r e s s u r e  an d  i n c l u d e s  a  c o n ta i n e r  ( e . g . ,
ga s  c yl i n d e r  an d  o u tl e t va l ve )  th a t s to r e s  a n d  d e l i ve r s  ga s  at
a p r e s s u r e  o f l e s s  th a n  a b s o l u te  p r e s s u r e  o f 1 0 1 . 3  kP a

( 1 4 . 7  p s i )  at N T P.

3 . 3 . 3 4 . 2  Subatmospheric Gas Delivery Source (Type 2 SAGS) .
A ga s  s o u r c e  p a c kag e  th at s to r e s  c o m p r e s s e d  g as  a n d  d e l i v‐
e r s  g as  at s u b atm o s p h e r i c  p r e s s u r e  a n d  i n c l u d e s  a  c o n tai n e r

( e . g . ,  g as  c yl i n d e r  an d  o u tl e t val ve )  th a t s to r e s  g as  at a  p r e s ‐
s u r e  g r e ate r  th a n  a b s o l u te  p r e s s u r e  o f 1 0 1 . 3  kP a  ( 1 4 . 7  p s i )
at N T P  a n d  d e l i ve r s  ga s  at a  p r e s s u r e  o f l e s s  th an  a b s o l u te

p r e s s u r e  o f 1 0 1 . 3  kP a ( 1 4 . 7  p s i )   at N T P.

3 . 3 . 3 5  S ys te m .

3 . 3 . 3 5 . 1  Access Floor System.    An  as s e m b l y c o n s i s ti n g  o f
p an e l s  m o u n te d  o n  p e d e s tal s  to  p r o vi d e  a n  under-foor

s p ac e  fo r  th e  i n s ta l l a ti o n s  o f m e c h an i c a l ,  e l e c tr i c a l  c o m m u ‐
n i c ati o n ,  o r  s i m i l ar  s ys te m s  o r  to  s e r ve  as  a n  ai r  s u p p l y o r
r e tu r n -ai r  p l e n u m .

3 . 3 . 3 5 . 2  Compressed Gas System.    An  a s s e m b l y o f e q u i p m e n t
d e s i g n e d  to  c o n ta i n ,  d i s tr i b u te ,  o r  tr an s p o r t c o m p r e s s e d
ga s e s .

3 . 3 . 3 5 . 3  Continuous Gas Detection System.    A ga s  d e te c ti o n
s ys te m  wh e r e  th e  i n s tr u m e n t i s  m a i n tai n e d  i n  c o n ti n u o u s
o p e r ati o n  an d  th e  i n te r val  b e twe e n  s am p l i n g  o f an y p o i n t

d o e s  n o t e x c e e d  3 0  m i n u te s .  [ 5 0 0 0 ,  2 0 1 8 ]

3 . 3 . 3 5 . 4  Emergency Alarm System.    A s ys te m  to  p r o vi d e  i n d i ‐
c a ti o n  an d  wa r n i n g  o f e m e r ge n c y s i tu a ti o n s  i n vo l vi n g

h a z a r d o u s  m ate r i a l s  an d  to  s u m m o n  ap p r o p r i ate  a i d .

3 . 3 . 3 6  T h i rd  P ar ty.    A p r o fe s s i o n a l ,  qualifed  a s  th e  r e s u l t o f
tr a i n i n g ,  e d u c ati o n ,  an d  e x p e r i e n c e ,  wh o  c a n  p e r fo r m  a

c o m p l i an c e  a n d  h a z a r d o u s  a n al ys i s  o f p r o c e s s  e q u i p m e n t i n
ac c o r d an c e  wi th  th i s  s tan d ar d .
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3 . 3 . 3 7  To o l .    An y d e vi c e ,  s to r a ge  c a b i n e t,  wo r ks ta ti o n ,  o r  p r o c ‐
e s s  m ac h i n e  u s e d  i n  th e  c l e a n r o o m .

3 . 3 . 3 8 *  To x i c  M ate ri al .    A m ate r i a l  th at p r o d u c e s  a  l e th a l  d o s e
o r  a l e th al  c o n c e n tr a ti o n  wi th i n  an y o f th e  fo l l o wi n g  c a te g o r i e s :
( 1 )  a c h e m i c al  o r  s u b s ta n c e  th a t h a s  a m e d i an  l e th al  d o s e
( L D 5 0 )  o f m o r e  th an  5 0  m g/ kg  b u t n o t m o r e  th an  5 0 0  m g / kg
o f b o d y we i g h t wh e n  ad m i n i s te r e d  o r al l y to  a l b i n o  r ats  we i gh ‐

i n g  b e twe e n  2 0 0  g a n d  3 0 0  g  e a c h ;  ( 2 )  a c h e m i c al  o r  s u b s ta n c e
th at h a s  a m e d i an  l e th a l  d o s e  ( L D 5 0 )  o f m o r e  th an  2 0 0  m g / kg
b u t n o t m o r e  th an  1 0 0 0  m g/ kg  o f b o d y we i gh t wh e n  ad m i n i s ‐

te r e d  b y c o n ti n u o u s  c o n ta c t fo r  2 4  h o u r s ,  o r  l e s s  i f d e ath
o c c u r s  wi th i n  2 4  h o u r s ,  wi th  th e  b ar e  s ki n  o f al b i n o  r ab b i ts
we i g h i n g  b e twe e n  2  kg  a n d  3  kg  e a c h ;  ( 3 )  a c h e m i c a l  o r

s u b s tan c e  th at h as  a  m e d i a n  l e th al  c o n c e n tr ati o n  ( L C 5 0 )  i n  ai r
o f m o r e  th a n  2 0 0  p a r ts  p e r  m i l l i o n  b u t n o t m o r e  th an  2 0 0 0
p ar ts  p e r  m i l l i o n  b y vo l u m e  o f ga s  o r  va p o r,  o r  m o re  th an

2  m g / L  b u t n o t m o r e  th an  2 0  m g/ L ,  o f m i s t,  fu m e ,  o r  d u s t
wh e n  ad m i n i s te r e d  b y c o n ti n u o u s  i n h al ati o n  fo r  1  h o u r,  o r  l e s s
i f d e ath  o c c u r s  wi th i n  1  h o u r,  to  al b i n o  r ats  we i g h i n g  b e twe e n

2 0 0  g  an d  3 0 0  g e a c h .  [ 1 ,  2 0 1 8 ]

3 . 3 . 3 8 . 1 *  Highly Toxic Material.     A m ate r i al  th at p r o d u c e s  a
l e th a l  d o s e  o r  l e th a l  c o n c e n tr ati o n  th at fal l s  wi th i n  an y o f
fo l l o wi n g  c ate go r i e s :  ( 1 )  a c h e m i c a l  th at h as  a  m e d i a n  l e th al

d o s e  ( L D 5 0 )  o f 5 0  m g / kg o r  l e s s  o f b o d y we i gh t wh e n
a d m i n i s te r e d  o r a l l y to  al b i n o  r a ts  we i gh i n g b e twe e n  2 0 0  g
a n d  3 0 0  g e ac h ;  ( 2 )  a  c h e m i c al  th at h as  a m e d i an  l e th al

d o s e  ( L D 5 0 )  o f 2 0 0  m g / kg o r  l e s s  o f b o d y we i g h t wh e n
a d m i n i s te r e d  b y c o n ti n u o u s  c o n tac t fo r  2 4  h o u r s ,  o r  l e s s  i f
d e ath  o c c u rs  wi th i n  2 4  h o u r s ,  wi th  th e  b ar e  s ki n  o f al b i n o

r ab b i ts  we i gh i n g b e twe e n  2  kg  an d  3  kg  e ac h  o r  a l b i n o  r ats
we i g h i n g  2 0 0  g to  3 0 0  g  e ac h ;  ( 3 )  a  c h e m i c al  th a t h as  a
m e d i an  l e th al  c o n c e n tr a ti o n  ( L C 5 0 )  i n  a i r  o f 2 0 0  p ar ts  p e r

m i l l i o n  b y vo l u m e  o r  l e s s  o f ga s  o r  vap o r,  o r  2  m g / L  o r  l e s s
o f m i s t,  fu m e ,  o r  d u s t,  wh e n  a d m i n i s te r e d  b y c o n ti n u o u s
i n h al ati o n  fo r  1  h o u r,  o r  l e s s  i f d e ath  o c c u r s  wi th i n  1  h o u r,

to  al b i n o  r ats  we i g h i n g  b e twe e n  2 0 0  g a n d  3 0 0  g e a c h .  [ 1 ,
2 0 1 8 ]

3 . 3 . 3 9 *  Wate r- Re ac ti ve  M ate ri al .    A m ate r i al  th a t e x p l o d e s ,
vi o l e n tl y r e a c ts ;  p r o d u c e s  fammable,  to x i c ,  o r  o th e r  h az ar d o u s
g as e s ;  o r  e vo l ve s  e n o u gh  h e at to  c au s e  s e l f-i gn i ti o n  o r  i gn i ti o n

o f n e a r b y c o m b u s ti b l e s  u p o n  e x p o s u re  to  wa te r  o r  m o i s tu r e .
[ 1 ,  2 0 1 8 ]

3 . 3 . 4 0 *  Wo rk s tati o n .    A defned  s p a c e  o r  an  i n d e p e n d e n t,
p r i n c i p al  p i e c e  o f e q u i p m e n t u s i n g  h az ar d o u s  c h e m i c a l s  wi th i n
a  c l e an r o o m  o r  c l e a n  z o n e ,  wh e r e  a specifc  fu n c ti o n ,  a  l ab o r a‐

to r y p r o c e d u r e ,  o r  a r e s e ar c h  ac ti vi ty o c c u r s .

C h ap te r 4    B u i l d i n g C o n s tr u c ti o n  an d  Re l ate d  S e r vi c e s

4 . 1  G e n e ral .

4 . 1 . 1  O c c u p i e d  L e ve l s  o f Fab ri c ati o n  Are as .    N o r m al l y,  o c c u ‐
p i e d  l e ve l s  o f fa b r i c ati o n  a r e as  h an d l i n g  H P M  s h al l  b e  l o c a te d

a t o r  ab o ve  g r ad e .

4 . 1 . 2  Fab ri c ati o n  Are as .    F l o o r s  o f fa b r i c ati o n  a r e as  s e p a r ati n g
fab r i c a ti o n  ar e a s  fr o m  o th e r  u s e s  s h a l l  b e  l i q u i d -ti g h t.
[ 5 0 0 0 : 3 4 . 3 . 7 . 2 . 1 . 4 ( B ) ]

4 . 2  Classifcation  o f O c c u p an c y.    S e m i c o n d u c to r  m an u fac tu r ‐
i n g fac i l i ti e s  c o n tai n i n g  c l e an r o o m s  a n d  as s o c i ate d  s u p p o r t

fa c i l i ti e s  s h a l l  b e  c o n s i d e r e d  to  b e  g e n e r al -  o r  s p e c i al -p u r p o s e
i n d u s tr i a l  o c c u p a n c i e s  a s  defned  i n  N F PA 1 01 .

4 . 3 *  N o n c o m b u s ti b l e  C o n s tr u c ti o n  C o m p o n e n ts .    C l e an ‐
r o o m s  r ate d  I S O  C l as s  5  o r  c l e an e r  i n  a c c o r d a n c e  wi th  I S O
1 4 6 4 4 - 1 ,  Cleanrooms and associated controlled environments —

Part 1 : Classifcation of air cleanliness by particle concentration,  o r
c l e an r o o m s  h a vi n g c l e an  z o n e s  r ate d  I S O  C l as s  5  o r  c l e an e r
s h a l l  h ave  a p p r o ve d ,  n o n c o m b u s ti b l e  c o m p o n e n ts  fo r  wal l s ,
foors,  c e i l i n g s ,  a n d  p a r ti ti o n s .

4 . 4  Fi re  Re s i s tan c e  Rati n g.

Δ 4 . 4 . 1    F i r e  r e s i s tan c e  r ati n g s  s h al l  b e  d e te r m i n e d  i n  ac c o r d ‐
an c e  wi th  AS T M  E 1 1 9 ,  Standard Test Methods for Fire Tests of

Building Construction and Materials,  o r  U L  2 6 3 ,  Fire Tests of Build‐
ing Construction and Materials.

4 . 4 . 2    F a b r i c ati o n  ar e a s  s h a l l  b e  s e p a r ate d  fr o m  e a c h  o th e r  b y
1 -h o u r  fre  r e s i s tan c e –r ate d  c o n s tr u c ti o n .

4 . 4 . 3    F a b r i c ati o n  ar e a s  s h a l l  b e  s e p ar a te d  fr o m  ad j ac e n t o c c u ‐
p an c i e s  b y n o t l e s s  th an  1 -h o u r  fre  r e s i s ta n c e –r ate d  c o n s tr u c ‐

ti o n  an d  n o t l e s s  th a n  th e  fre  r e s i s ta n c e  r a ti n g r e q u i r e d  i n
NFPA 5000.

4 . 5  P as s - T h ro ugh s  i n  E x i s ti n g E x i t Ac c e s s  C o r ri d o rs .

4 . 5 . 1    S e l f-c l o s i n g  d o o r s  h avi n g  a fre  p r o te c ti o n  r ati n g  o f n o t
l e s s  th an  1  h o u r  s h al l  s e p a r ate  p as s -th r o u gh s  fr o m  e x i s ti n g e x i t
a c c e s s  c o r r i d o r s .

4 . 5 . 2    P a s s - th r o u g h s  s h al l  b e  c o n s tr u c te d  as  r e q u i r e d  fo r  e x i t
a c c e s s  c o r r i d o r s .

4 . 6  Ve r ti c al  O p e n i n gs .

4 . 6 . 1    O p e n i n g s  th r o u gh  foors  o f fa b r i c ati o n  ar e a s  s h a l l  b e
p e r m i tte d  to  b e  u n p r o te c te d ,  i n  ac c o r d an c e  wi th  4 . 5 . 2 ,  wh e r e

th e  i n te r c o n n e c te d  l e ve l s  a r e  u s e d  s o l e l y fo r  m e c h an i c a l  e q u i p ‐
m e n t d i r e c tl y r e l a te d  to  th e  fa b r i c ati o n  ar e a s .
[ 5 0 0 0 : 3 4 . 3 . 7 . 2 . 1 . 5 ]

4 . 6 . 1 . 1    M e c h a n i c al ,  d u c t,  a n d  p i p i n g p e n e tr a ti o n s  wi th i n  a
fab r i c a ti o n  a r e a s h al l  n o t e x te n d  th r o u gh  m o r e  th a n  two  foors.

[ 5 0 0 0 : 3 4 . 3 . 7 . 2 . 1 . 5 ( A) ]

4 . 6 . 1 . 2    T h e  a n n u l a r  s p a c e  ar o u n d  e q u i p m e n t p as s i n g  th r o u gh
th e  p e n e tr a ti o n s  s h a l l  b e  s e a l e d  a t th e  foor  l e ve l  to  r e s tr i c t th e

m o ve m e n t o f ai r.  [ 5 0 0 0 : 3 4 . 3 . 7 . 2 . 1 . 5 ( B ) ]

4 . 6 . 1 . 3    T h e  fa b r i c ati o n  ar e a,  i n c l u d i n g l e ve l s  i n te r c o n n e c te d
wi th  d u c two r k an d  p i p i n g ,  s h al l  b e  r e g u l ate d  as  a s i n g l e  c o n d i ‐
ti o n e d  e n vi r o n m e n t.  [ 5 0 0 0 : 3 4 . 3 . 7 . 2 . 1 . 5 ( C ) ]

4 . 6 . 2    U n e n c l o s e d  ve r ti c al  o p e n i n g s  n o t c o n ta i n e d  wi th i n  fre-
rated  c o n s tr u c ti o n  s h a l l  b e  p e r m i tte d  as  fo l l o ws :

( 1 ) S u c h  o p e n i n g s  s h a l l  c o n n e c t n o t m o r e  th an  two  ad j ac e n t
s to r i e s  ( o n e  foor  p i e r c e d  o n l y) .

( 2 ) S u c h  o p e n i n g s  s h a l l  b e  s e p a r ate d  fr o m  u n p r o te c te d  ve r ti ‐
c a l  o p e n i n gs  s e r vi n g  o th e r  foors  b y a b ar r i e r.

( 3 ) S u c h  o p e n i n gs  s h al l  b e  s e p ar ate d  fr o m  c o r r i d o r s .
( 4 ) * S u c h  o p e n i n g s  s h a l l  b e  s e p a r ate d  fr o m  o th e r  fre  o r

s m o ke  c o m p a r tm e n ts  o n  th e  s am e  foor.
( 5 ) I n  n e w c o n s tr u c ti o n ,  th e  c o n ve n i e n c e  o p e n i n g s h a l l  b e

s e p ar ate d  fr o m  th e  c o r r i d o r  r e fe r e n c e d  i n  8 . 1 2 . 5 . 1 ( 3 )  o f
NFPA 5000 b y a s m o ke  p ar ti ti o n ,  u n l e s s  C h ap te r s  1 5
th r o u g h  3 1  an d  3 3  th r o u g h  3 4  o f NFPA 5000 r e q u i r e  th e

c o r r i d o r  to  h ave  a fre  r e s i s ta n c e  r a ti n g.
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( 6 ) * S u c h  o p e n i n gs  s h a l l  n o t s e r ve  a s  a  r e q u i r e d  m e a n s  o f
e g r e s s .

4 . 7  Ai r S up p l y an d  Re c i rc ul ati o n  S ys te m s .

4 . 7 . 1    T h e  l o c a ti o n  o f o u ts i d e  a i r  i n take s  s h al l  b e  c h o s e n  to
avo i d  d r a wi n g  i n  h az ar d o u s  c h e m i c a l s  o r  p r o d u c ts  o f c o m b u s ‐
ti o n  c o m i n g  e i th e r  fr o m  th e  b u i l d i n g  i ts e l f o r  fr o m  o th e r  s tr u c ‐
tu r e s  a n d  d e vi c e s .

Δ 4 . 7 . 2    High-effciency p ar ti c u l ate  ai r  ( H E PA)  m o d u l e s ,  u l tr a-
l o w p e n e tr ati o n  ai r  ( U L PA)  flter  m o d u l e s ,  an d  p r e - o r  fnal
flters  i n  m a ke u p  a n d  r e c i r c u l a ti o n  ai r-h a n d l i n g  u n i ts  s h a l l
m e e t U L  9 0 0 ,  Air Filter Units.

Δ 4 . 7 . 3    Ai r  s u p p l y an d  r e c i r c u l a ti o n  d u c ts  s h al l  h ave  a fame
s p r e ad  i n d e x  o f n o t m o r e  th an  2 5  an d  a  s m o ke - d e ve l o p e d
i n d e x  o f n o t m o r e  th an  5 0  wh e n  te s te d  i n  ac c o r d an c e  wi th
AS T M  E 8 4 ,  Standard Test Method for Surface Burning Characteris‐
tics of Building Materials,  o r  U L  7 2 3 ,  Test for Surface Burning Char‐
acteristics of Building Materials.

4 . 7 . 4    A m a n u a l l y o p e r ate d  r e m o te  s wi tc h ( e s )  to  s h u t o ff th e
affe c te d  a r e as  o f th e  c l e an r o o m  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  p r o vi d e d  at an  ap p r o ve d  l o c ati o n ( s ) .

4 . 7 . 5  Te s ti n g.

4 . 7 . 5 . 1    Te s ti n g o f a u to m a ti c  d e te c ti o n  d e vi c e s  s h a l l  b e  c o n d u c ‐
te d  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 C h a p te r  1 2 .

4 . 8 *  E l e c tri c al  Classifcation.

4 . 8 . 1  G e n e ral .    T h e  fa b r i c ati o n  ar e a o r  c l e an r o o m  s h al l  b e
c o n s i d e r e d  unclassifed  e l e c tr i c al l y wi th  r e s p e c t to  Ar ti c l e  5 0 0
o f NFPA 70,  wh e r e  a l l  o f th e  fo l l o wi n g  r e q u i r e m e n ts  a r e  m e t:

( 1 ) C h e m i c al  s to r a ge  an d  h a n d l i n g m e e t th e  r e q u i r e m e n ts  o f
C h ap te r s  5 ,  6 ,  a n d  7  o f th i s  s tan d a r d .

( 2 ) Ve n ti l a ti o n  an d  e x h au s t s ys te m s  m e e t th e  r e q u i r e m e n ts  o f
th i s  c h ap te r  a n d  C h a p te r  9  o f th i s  s tan d ar d .

( 3 ) T h e  ave r ag e  ve n ti l ati o n  fow r ate  i s  n o t l e s s  th an  0 . 1 7 6  L /
s e c · m 2  ( 4  ft3 / m i n · ft2 )  o f foor  a r e a,  a n d  th e  ve n ti l a ti o n
fow r ate  a t an y l o c a ti o n  i s  n o t l e s s  th an  0 . 1 3 2  L / s e c · m 2

( 3  ft3 / m i n · ft2 )  o f foor  ar e a .  T h e  u s e  o f r e c i r c u l a te d  ai r
s h a l l  b e  al l o we d .

4 . 8 . 2  Wo rk s tati o n s .    Wo r ks ta ti o n s  s h al l  b e  i n  a c c o r d a n c e  wi th
8 . 4 . 2 .

4 . 9  E m e rge n c y P o we r S ys te m .    An  e m e r g e n c y p o we r  s ys te m
s h a l l  b e  p r o vi d e d  fo r  e l e c tr i c al l y o p e r a te d  e q u i p m e n t an d

c o n n e c te d  c o n tr o l  c i r c u i ts  fo r  th e  fo l l o wi n g  s ys te m s :

( 1 ) H az ar d o u s  c h e m i c a l  e x h au s t ve n ti l ati o n  s ys te m s
( 2 ) H az ar d o u s  c h e m i c a l  g as  c a b i n e t ve n ti l a ti o n  s ys te m s
( 3 ) H az ar d o u s  c h e m i c a l  e x h a u s te d  e n c l o s u r e  ve n ti l a ti o n

s ys te m s
( 4 ) H az ar d o u s  c h e m i c a l  g as  r o o m  ve n ti l ati o n  s ys te m s
( 5 ) H az ar d o u s  c h e m i c a l  r o o m  ve n ti l a ti o n  s ys te m s
( 6 ) H az ar d o u s  c h e m i c a l  g as -d e te c ti o n  s ys te m s
( 7 ) E m e r ge n c y al a r m  s ys te m s
( 8 ) M an u al  fre  al ar m  s ys te m s
( 9 ) Au to m ati c  fre  s p r i n kl e r  s ys te m  m o n i to r i n g  a n d  a l a r m

s ys te m s
( 1 0 ) E l e c tr i c a l l y o p e r ate d  s ys te m s  r e q u i r e d  e l s e wh e r e  i n  th i s

s tan d ar d ,  N FPA 1 ,  o r  NFPA 5000 a p p l i c a b l e  to  th e  u s e ,
s to r ag e ,  o r  h an d l i n g o f h a z a r d o u s  c h e m i c al s

4 . 9 . 1    D i e s e l  g e n e rato r s  s h a l l  b e  i n s ta l l e d  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 N F PA 3 7 .

4 . 1 0  M e an s  o f E gre s s .

4 . 1 0 . 1    M e a n s  o f e g r e s s  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
N F PA 1 01 .

4 . 1 0 . 2  S e r vi c e  C o r ri d o rs .

4 . 1 0 . 2 . 1    S e r vi c e  c o r r i d o r s  s h a l l  b e  p r o vi d e d  wi th  two  o r  m o r e
e x i ts ,  an d  n o t m o r e  th a n  o n e -h a l f o f th e  r e q u i r e d  n u m b e r  o f

e x i ts  s h a l l  l e ad  to  th e  fab r i c ati o n  ar e a .

4 . 1 0 . 2 . 2    T h e  tr ave l  d i s ta n c e  wi th i n  a s e r vi c e  c o r r i d o r  to  an  e x i t
o r  to  a d o o r  i n to  a  fab r i c a ti o n  ar e a  s h al l  n o t e x c e e d  2 3  m

( 7 5  ft) .  D e ad  e n d s  s h a l l  n o t e x c e e d  1 . 2 2  m  ( 4  ft) .

4 . 1 0 . 2 . 3    D o o r s  fr o m  s e r vi c e  c o r r i d o r s  s h al l  s wi n g i n  th e  d i r e c ‐
ti o n  o f e x i t tr a ve l  an d  s h al l  b e  s e l f- c l o s i n g.

C h ap te r 5    H az ard o us  M ate ri al s  — G e n e ral  P ro vi s i o n s

5 . 1 *  H az ard o u s  C h e m i c al s .

5 . 1 . 1  M ate ri al s  Classifcation.    H az ar d o u s  p r o d u c ti o n  m ate r i ‐
al s  ( H P M )  s h al l  b e  classifed  i n  ac c o r d an c e  wi th  N F PA 7 0 4  an d
s h a l l  b e  defned  b y th e  c l a s s e s  o f c h e m i c a l s  o r  s u b s tan c e s  i n

5 . 1 . 1 . 1  an d  5 . 1 . 1 . 2 .

5 . 1 . 1 . 1  P h ys i c al  H az ard s .    T h e  fo l l o wi n g m ate r i a l  c ate g o r i e s
s h a l l  b e  classifed  as  p h ys i c al  h a z a r d s ,  a n d  a m ate r i a l  wi th  a

p r i m a r y classifcation  as  a p h ys i c a l  h a z a r d  c a n  p o s e  a  h e a l th
h a z a r d :

( 1 ) 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
( 2 ) F l am m ab l e  s o l i d s  an d  g as e s
( 3 ) O x i d i z e r  m ate r i a l s
( 4 ) P yr o p h o r i c  l i q u i d s ,  ga s e s ,  an d  s o l i d s
( 5 ) U n s ta b l e  ( r e ac ti ve )  m a te r i al s
( 6 ) Wate r-r e a c ti ve  s o l i d s  a n d  l i q u i d s
( 7 ) C r yo ge n i c  fuids
( 8 ) C o m p r e s s e d  ga s e s

5 . 1 . 1 . 2  H e al th  H az ard s .    T h e  fo l l o wi n g  m ate r i a l  c ate g o r i e s
s h a l l  b e  classifed  a s  h e al th  h az ar d s ,  an d  a  m ate r i al  wi th  a
p r i m ar y classifcation  as  a  h e a l th  h az ar d  c an  p o s e  a p h ys i c al

h az ar d :

( 1 ) H i gh l y to x i c  an d  to x i c  m a te r i al s
( 2 ) C o r r o s i ve  m ate r i a l s

5 . 2  H P M  Ri s k  As s e s s m e n t.

5 . 2 . 1    T h i s  s e c ti o n  s h a l l  a p p l y to  th e  m an a ge m e n t m e th o d o l ‐
o g y u s e d  to  i d e n ti fy,  e val u a te ,  an d  c o n tr o l  th e  h az ar d s  i n vo l ve d
i n  th e  p r o c e s s i n g an d  h a n d l i n g o f fammable  an d  c o m b u s ti b l e

l i q u i d s .  T h e s e  h az ar d s  i n c l u d e ,  b u t ar e  n o t l i m i te d  to ,  p r e p a r a‐
ti o n ;  s e p a r ati o n ;  purifcation;  an d  c h an g e  o f s tate ,  e n e r g y
c o n te n t,  o r  c o m p o s i ti o n .

5 . 2 . 2    O p e r a ti o n s  i n vo l vi n g  fammable  a n d  c o m b u s ti b l e  l i q u i d s
s h a l l  b e  r e vi e we d  to  e n s u r e  th a t fre  an d  e x p l o s i o n  h az ar d s  a r e

a d d r e s s e d  b y fre  p r e ve n ti o n ,  fre  c o n tr o l ,  an d  e m e r g e n c y
ac ti o n  p l a n s .  [ 3 0 : 6 . 4 . 1 ]

Exception No.  1 : Operations where liquids are used solely for on-site
consumption as fuels.

Exception No.  2: Operations where Class II or Class III liquids are
stored in atmospheric tanks or transferred at temperatures below their
fash points.
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5 . 2 . 3    T h e  fre  h az ar d s  m an a ge m e n t r e vi e w s h al l  b e  r e p e ate d
wh e n e ve r  th e  h a z a r d s  l e a d i n g to  a fre  o r  e x p l o s i o n  c h an g e
signifcantly.  C o n d i ti o n s  th a t s h a l l  r e q u i r e  r e p e ati n g  a r e vi e w
s h a l l  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 ) Wh e n  c h an g e s  o c c u r  i n  th e  m ate r i al s  i n  p r o c e s s
( 2 ) Wh e n  c h an g e s  o c c u r  i n  p r o c e s s  e q u i p m e n t
( 3 ) Wh e n  c h an g e s  o c c u r  i n  p r o c e s s  c o n tr o l
( 4 ) Wh e n  c h a n ge s  o c c u r  i n  o p e r ati n g  p r o c e d u r e s  o r  a s s i gn ‐

m e n ts

5 . 2 . 4    A wr i tte n  e m e r g e n c y ac ti o n  p l a n  th a t i s  c o n s i s te n t wi th
ava i l ab l e  e q u i p m e n t a n d  p e r s o n n e l  s h al l  b e  e s tab l i s h e d  to
re s p o n d  to  fres  an d  r e l a te d  e m e r g e n c i e s .  T h i s  p l a n  s h a l l
i n c l u d e  th e  c o m p o n e n ts  c o n ta i n e d  i n  6 . 8 . 1  o f N F PA 3 0 .

5 . 3  C o n tai n e r D e l i ve r y.

5 . 3 . 1 *    I n  n e w b u i l d i n g s ,  a s e r vi c e  c o r r i d o r  s h al l  b e  p r o vi d e d
wh e n  n e c e s s a r y to  tr a n s p o r t h a z a r d o u s  c h e m i c a l s  fr o m  a  l i q u i d
s to r ag e  r o o m ,  h az ar d o u s  c h e m i c al  r o o m ,  o r  g as  r o o m  o r  fr o m
th e  o u ts i d e  o f a b u i l d i n g  to  th e  p e r i m e te r  wa l l  o f a fab r i c a ti o n
ar e a.

5 . 3 . 1 . 1    H az ar d o u s  c h e m i c al s  s h a l l  b e  tr an s p o r te d  i n  a p p r o ve d
c h e m i c a l  c ar ts .

5 . 3 . 2    H az ar d o u s  c h e m i c al s  s h al l  n o t b e  d i s p e n s e d  o r  s to r e d  i n
e x i t ac c e s s  c o r r i d o r s .

5 . 3 . 3 *    C h e m i c al  c ar ts  tr a n s p o r ti n g o r  c o n tai n i n g h az ar d o u s
c h e m i c a l s  s h a l l  b e  d e s i gn e d  s o  th a t th e  c o n te n ts  wi l l  b e  fu l l y
e n c l o s e d .

5 . 3 . 3 . 1    C h e m i c al  c ar ts  s h al l  b e  c ap ab l e  o f c o n tai n i n g  a  s p i l l
fr o m  th e  l ar g e s t s i n g l e  c o n ta i n e r  tr a n s p o r te d ,  wi th  a  m ax i m u m
i n d i vi d u a l  c o n ta i n e r  s i z e  o f 2 0  L  ( 5 . 3  g al )  fo r  l i q u i d s .

5 . 3 . 3 . 2    T h e  c a p ac i ty o f c a r ts  u s e d  fo r  th e  tr a n s p o r ta ti o n  o f
h a z a r d o u s  c h e m i c al s  s h al l  n o t e x c e e d  th e  fo l l o wi n g:

( 1 ) L i q u i d s :  2 0 8  L  ( 5 5  g al )
( 2 ) S o l i d s :  2 2 7  kg ( 5 0 0  l b )
( 3 ) C o m p r e s s e d  ga s e s :  7  c yl i n d e r s ,  u p  to  1 8  kg ( 4 0  l b )  e a c h
( 4 ) S AG S :  7  c yl i n d e r s ,  u p  to  1 8  kg ( 4 0  l b )  e a c h

5 . 3 . 4    I n c o m p ati b l e  c h e m i c al s  s h al l  n o t b e  tr an s p o r te d  s i m u l ta‐
n e o u s l y o n  th e  s am e  h az ar d o u s  c h e m i c a l  c ar t.

5 . 3 . 5    T h e  m i n i m u m  c l e ar  wi d th  o f a s e r vi c e  c o r r i d o r  s h a l l  b e
1 5 2 4  m m  ( 5  ft)  o r  8 3 8  m m  ( 3 3  i n . )  wi d e r  th an  th e  wi d e s t c a r t
o r  tr u c k u s e d  i n  th e  s e r vi c e  c o r r i d o r,  wh i c h e ve r  i s  gr e a te r.

5 . 3 . 6    S e r vi c e  c o r r i d o r s  s h al l  n o t b e  u s e d  a s  a  r e q u i r e d  m e a n s
o f e gr e s s .

5 . 3 . 7    T h e  m ax i m u m  q u an ti ti e s  o f h a z a r d o u s  c h e m i c a l s  tr an s ‐
p o r te d  i n  a s e r vi c e  c o r r i d o r  at o n e  ti m e  s h a l l  n o t e x c e e d  two
ti m e s  th at s e t fo r th  i n  6 . 3 . 3 .

5 . 4  S to rage  an d  H an d l i n g o f H az ard o u s  C h e m i c al s .    S to r ag e
an d  h an d l i n g o f h az ar d o u s  c h e m i c a l s  s h a l l  c o m p l y wi th  a p p l i ‐
c a b l e  N F PA s tan d a r d s ,  i n c l u d i n g  th e  fo l l o wi n g:

( 1 ) N F PA 3 0
( 2 ) N F PA 5 5
( 3 ) NFPA 70
( 4 ) N F PA 3 8 5
( 5 ) N F PA 4 0 0

5 . 5 *  S e p arati o n  o f H az ard o us  C h e m i c al s .    H az ar d o u s  c h e m i ‐
c a l s  s to r e d  i n  h az ar d o u s  c h e m i c al  r o o m s  s h al l  b e  s e p ar ate d

fr o m  i n c o m p ati b l e  m ate r i a l s  i n  ac c o r d a n c e  wi th  Tab l e  5 . 5 .

5 . 5 . 1    H az ar d o u s  c h e m i c al  r o o m s  a n d  g as  r o o m s  s h al l  b e  s e p a‐
r ate d  fr o m  th e  fa b r i c ati o n  a r e a b y n o t l e s s  th an  2 -h o u r  fre
r e s i s ta n c e –r a te d  c o n s tr u c ti o n ,  wi th  th e  fre  r e s i s ta n c e  r a ti n g i n

a c c o r d an c e  wi th  NFPA 5000,  C h ap te r  8 .

5 . 5 . 2    H az ar d o u s  c h e m i c al s  i n  th e  fab r i c ati o n  a r e a s h a l l  b e
l i m i te d  to  th o s e  n e e d e d  fo r  o p e r ati o n s  an d  m ai n te n a n c e  an d

as  r e q u i r e d  b y 5 . 5 . 2 . 1  th r o u gh  5 . 5 . 2 . 3 ,  wi th  q u an ti ti e s  n o t
e x c e e d i n g th e  l i m i tati o n s  specifed  i n  Tab l e  5 . 5 . 2 .  T h e  l i m i ts  o f

Tab l e  5 . 5 . 2  s h al l  b e  p e r m i tte d  to  b e  e x c e e d e d ,  p r o vi d e d  a
s u b m i ttal  u s i n g  al te r n a ti ve  m e th o d s  an d  m a te r i al s  i 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  ( AH J ) .

5 . 5 . 2 . 1    T h e  am o u n t o f h az ar d o u s  m a te r i al  a l l o we d  to  b e
s to r e d ,  u s e d ,  o r  h a n d l e d  i n  a  c o n tr o l  ar e a  s h al l  b e  th e  e x e m p t

a m o u n t s e t fo r th  i n  N F PA 1  a n d  NFPA 5000,  an d  i t s h al l  b e
b a s e d  o n  th e  m ate r i al  s tate  ( s o l i d ,  l i q u i d ,  o r  ga s )  a n d  th e  m a te ‐
r i al  s to r ag e  o r  u s e  c o n d i ti o n s .

5 . 5 . 2 . 2    Qu an ti ti e s  o f h a z a r d o u s  c h e m i c al s  s h a l l  b e  l i m i te d  to
th o s e  i n  u s e  wi th i n  th e  to o l  o r  th e  d a i l y ( 2 4 -h o u r )  s u p p l y o f

c h e m i c a l s  n e e d e d ,  wi th  q u a n ti ti e s  n o t e x c e e d i n g th e  l i m i ta‐
ti o n s  specifed  i n  Tab l e  5 . 5 . 2 . 2  u n l e s s  a  r i s k a s s e s s m e n t d e te r ‐
m i n e s  th at a signifcant fre  i s  u n l i ke l y to  take  p l ac e .

5 . 5 . 2 . 2 . 1 *    T h e  am o u n ts  i n  Tab l e  5 . 5 . 2 . 2  s h al l  b e  p e r m i tte d  to
b e  e x c e e d e d  i f a r i s k a s s e s s m e n t i s  p e r fo r m e d  a n d  ap p r o ve d  b y

th e  AH J .

5 . 5 . 2 . 3    S to r a ge  o f h az ar d o u s  c h e m i c al s  i n  th e  fab r i c ati o n  ar e a
s h a l l  b e  wi th i n  a p p r o ve d  o r  l i s te d  s to r a ge  c ab i n e ts ,  g as  c ab i n e ts ,
o r  e x h au s te d  e n c l o s u r e s ,  o r  wi th i n  a to o l .

5 . 5 . 3    H az ar d o u s  c h e m i c al  s to r a ge  an d  d i s p e n s i n g  r o o m s  s h a l l
h a ve  m e c h an i c a l  e x h au s t ve n ti l ati o n  as  fo l l o ws :

( 1 ) M e c h an i c a l  e x h au s t ve n ti l ati o n  s h a l l  b e  a t a  m i n i m u m
r a te  o f 0 . 3 1  m 3 / m i n · m 2  ( 1  ft3 / m i n · ft2 )  o f foor  a r e a.

( 2 ) E x h au s t an d  i n l e t o p e n i n g s  s h a l l  b e  ar r a n ge d  to  p r e ve n t
ac c u m u l ati o n  o f va p o r s .

5 . 5 . 4  I n c o m p ati b l e  S to rage .

5 . 5 . 4 . 1    I n c o m p ati b l e  h az ar d o u s  m a te r i al s  s h a l l  b e  s e p ar a te d
fr o m  e ac h  o th e r  i n  ac c o r d a n c e  wi th  N F PA 1 .

5 . 5 . 4 . 2    O n l y i n e r t g as  s h al l  b e  u s e d  fo r  p r e s s u r i z a ti o n  o f ga s -
o ve r-l i q u i d  d e l i ve r y s ys te m s .

5 . 5 . 4 . 3    C o n tai n e r s  o f c h e m i c al s  s h a l l  b e  l ab e l e d  to  i d e n ti fy
th e i r  c o n te n ts .

5 . 6  S ys te m s ,  E q u i p m e n t,  an d  P ro c e s s e s .    S ys te m s ,  e q u i p m e n t,
an d  p r o c e s s e s  u ti l i z e d  fo r  s to r a ge ,  d i s p e n s i n g ,  u s e ,  o r  h a n d l i n g

o f h a z a r d o u s  m a te r i al s  s h a l l  b e  i n  ac c o r d an c e  wi th  5 . 6 . 1
th r o u g h  5 . 6 . 2 .

5 . 6 . 1  D e s i gn  an d  C o n s tr u c ti o n  o f C o n tai n e rs ,  C yl i n d e rs ,  an d
Tan k s .

5 . 6 . 1 . 1    C o n tai n e r s ,  c yl i n d e r s ,  an d  ta n ks  s h al l  b e  d e s i gn e d  an d
c o n s tr u c te d  i n  ac c o r d an c e  wi th  ap p r o ve d  s ta n d ar d s .

5 . 6 . 1 . 2    C o n tai n e r s ,  c yl i n d e r s ,  ta n ks ,  a n d  o th e r  m e a n s  u s 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 a te r i al s  s h al l  b e  o f an  ap p r o ve d

typ 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 .

5 . 6 . 2    P i p i n g,  tu b i n g ,  val ve s ,  an d  fttings  c o n ve yi n g  h az ar d o u s
m a te r i al s  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
ap p r o ve d  s tan d ar d s  an d  s h a l l  b e  i n  a c c o r d a n c e  wi th  5 . 6 . 2 . 1 .

5 . 6 . 2 . 1 *  D e s i gn  an d  C o n s tr u c ti o n .    P i p i n g ,  tu b i n g ,  val ve s ,
fttings,  a n d  r e l ate d  c o m p o n e n ts  u s e d  fo r  h az ar d o u s  m ate r i al s
s h a l l  b e  i n  ac c o r d a n c e  wi th  th e  fo l l o wi n g :

( 1 ) P i p i n g ,  tu b i n g,  val ve s ,  fttings,  an d  r e l ate d  c o m p o n e n ts
s h a l l  b e  d e s i g n e d  an d  fab r i c ate d  fr o m  m a te r i al s  th at a r e
c o m p a ti b l e  wi th  th e  m ate r i a l  to  b e  c o n ta i n e d  a n d  s h al l  b e
o f a d e q u a te  s tr e n gth  a n d  d u r a b i l i ty to  wi th s ta n d  th e  p r e s ‐

s u r e ,  s tr u c tu r a l ,  a n d  s e i s m i c  s tr e s s  an d  e x p o s u r e  to  wh i c h
th e y a r e  s u b j e c t.

( 2 ) P i p i n g  an d  tu b i n g  s h a l l  b e  identifed  i n  a c c o r d an c e  wi th
AS M E  A1 3 . 1 ,  Scheme for the Identifcation of Piping Systems,  to
i n d i c ate  th e  m ate r i al  c o n ve ye d .

( 3 ) Re a d i l y ac c e s s i b l e  m an u a l  val ve s  o r  au to m ati c  r e m o te l y
ac ti va te d  fai l -s afe  e m e r ge n c y s h u to ff va l ve s  s h a l l  b e  i n s tal ‐

l e d  o n  s u p p l y p i p i n g  a n d  tu b i n g  a t th e  fo l l o wi n g  l o c a‐
ti o n s :

( a) T h e  p o i n t o f u s e
( b ) T h e  tan k,  c yl i n d e r,  o r  b u l k s o u r c e

( 4 ) M an u al  e m e r g e n c y s h u to ff va l ve s  a n d  c o n tr o l s  fo r
re m o te l y a c ti vate d  e m e r ge n c y s h u to ff val ve s  s h al l  b e  i d e n ‐
tifed  a n d  th e  l o c ati o n  s h al l  b e  c l e ar l y vi s i b l e ,  ac c e s s i b l e ,
an d  i n d i c a te d  b y m e a n s  o f a s i g n .

( 5 ) Backfow p r e ve n ti o n  o r  c h e c k va l ve s  s h a l l  b e  p r o vi d e d
wh e n  th e  backfow o f h az ar d o u s  m ate r i al s  c o u l d  c r e ate  a
h a z a r d o u s  c o n d i ti o n  o r  c a u s e  th e  u n au th o r i z e d  d i s c h a r ge

o f h az ar d o u s  m a te r i al s .
( 6 ) Wh e r e  g as e s  o r  l i q u i d s  h a ve  a h az ar d  r an ki n g  o f h e a l th

h az ar d  C l a s s  3  o r  4 ,  fammability C l a s s  4 ,  r e a c ti vi ty C l as s  3
o r  4  i n  ac c o r d an c e  wi th  N F PA 7 0 4  an d  ar e  c ar r i e d  i n  p r e s ‐
s u r i z e d  p i p i n g ab o ve  g au ge  p r e s s u r e  o f 1 0 3  kP a  ( 1 5  p s i ) ,

an  ap p r o ve d  m e an s  o f l e a k d e te c ti o n  an d  e m e r g e n c y

s h u to ff o r  e x c e s s  fow c o n tr o l  s h a l l  b e  p r o vi d e d .  Wh e r e
th e  p i p i n g o r i g i n a te s  fr o m  wi th i n  a h az ar d o u s  m a te r i al

s to r ag e  r o o m  o r  a r e a,  th e  e x c e s s  fow c o n tr o l  s h al l  b e
l o c a te d  wi th i n  th e  s to r ag e  r o o m  o r  a r e a.

5 . 6 . 3  H az ard  C h e m i c al  S to rage  C ab i n e ts .    H az ar d o u s  c h e m i ‐
c a l s  s h al l  b e  s to r e d  wi th i n  e n c l o s e d  s to r a ge  c a b i n e ts  o r  wo r ks ta‐
ti o n s .

5 . 6 . 3 . 1    Wi th i n  h az ar d o u s  m a te r i al s  s to r ag e  o r  d i s p e n s i n g
r o o m s ,  e n c l o s u r e s  s h al l  n o t b e  r e q u i r e d .

5 . 6 . 3 . 2    I n c o m p ati b l e  c h e m i c al s  s h al l  n o t b e  s to r e d  i n  th e  s am e
c a b i n e t.

5 . 6 . 3 . 3    S to r ag e  c ab i n e ts  s h a l l  b e  c o n s tr u c te d  o f n o t l e s s  th an
1 . 2  m m  ( 1 8  ga u g e )  s te e l .

5 . 6 . 3 . 4    D o o r s  s h a l l  b e  s e l f-c l o s i n g a n d  s h al l  b e  p r o vi d e d  wi th  a
l atc h i n g  d e vi c e .

5 . 6 . 3 . 5    Ap p r o ve d  s a fe ty c o n ta i n e r s  s h al l  b e  u s e d  to  s to r e  fam‐
mable  l i q u i d s .

5 . 6 . 3 . 5 . 1    Wh e r e  n e e d e d  fo r  p u r i ty,  g l a s s  o r  p l a s ti c  c o n tai n e r s
s h a l l  b e  p e r m i tte d  fo r  q u a n ti ti e s  o f 4  L  ( 1  ga l )  o r  l e s s  p e r  i n d i ‐

vi d u a l  c o n ta i n e r.

5 . 7  S u p p l y P i p i n g.

5 . 7 . 1    S u p p l y p i p i n g  fo r  h az ar d o u s  c h e m i c a l  l i q u i d s  a n d  ga s e s
s h a l l  b e  we l d e d  th r o u g h o u t,  e x c e p t fo r  c o n n e c ti o n s  to  th e

s ys te m s  th at a r e  l o c ate d  wi th i n  a ve n ti l a te d  e n c l o s u r e  i f th e
m a te r i al  i s  a ga s ,  o r  a n  a p p r o ve d  m e th o d  o f d r a i n ag e  o r

c o n tai n m e n t s h al l  b e  p r o vi d e d  fo r  c o n n e c ti o n s  i f th e  m a te r i al
i s  a  l i q u i d .

5 . 7 . 2    H az ar d o u s  c h e m i c a l s  p i p i n g a n d  tu b i n g  s h al l  c o m p l y
wi th  AS M E  B 3 1 . 3 ,  Process Piping.

Tab l e  5 . 5  M i n i m u m  S e p arati o n  o f H az ard o us  P ro d u c ti o n  M ate ri al s  ( H P M s )

M ate ri al
H i gh l y

To x i c To x i c Ac i d B as e Fl am m ab l e O x i d i z e r
Wate r-

Re ac ti ve P yro p h o ri c
U n s tab l e

( Re ac ti ve )
O rgan i c

P e ro x i d e

H i gh l y to x i c N R 1  h r 1  h r 1  h r 1  h r 1  h r 1  h r 1  h r 1  h r

To x i c N R S S S S S S S S

Ac i d 1  h r S S S * S S S * S S

B as e 1  h r S S S S S S S S

Fl am m ab l e 1  h r S S * S S R S S S

O x i d i z e r 1  h r S S S S S S * S S

Wate r- re ac ti ve 1  h r S S S R S S S S

P yro p h o ri c 1  h r S S * S S S * S S S

U n s tab l e  ( re ac ti ve ) 1  h r S S S S S S S S

O rgan i c  p e ro x i d e 1  h r S S S S S S S S

N R =  N o t r e q u i r e d .
1  h r  =  1 -h o u r  fre  r e s i s ta n c e –ra te d  c o n s tr u c ti o n .
S  =  S e p a r a ti o n  b y a  p ar ti a l  n o n c o m b u s ti b l e  p a rti ti o n  e x te n d i n g  n o t l e s s  th an  4 5 7  m m  ( 1 8  i n . )  a b o ve  an d  to  th e  s i d e s  o f th e  s to r e d  m a te r i a l .
R =  S e p ar a te  r o o m s ,  wh i c h  a r e  n o t r e q u i r e d  to  h ave  a  fre  r e s i s tan c e  r a ti n g .
N o te :  H P M  g a s e s  a r e  r e q u i r e d  to  b e  s e p a r a te d  fr o m  H P M  l i q u i d s  an d  s o l i d s  b y 1 - h o u r  fre  r e s i s ta n c e –r a te d  c o n s tr u c ti o n  o r  a r e  r e q u i r e d  to  b e  ke p t i n
ap p r o ve d  g a s  c a b i n e ts .  H P M  g a s e s  a l s o  a r e  r e q u i r e d  to  b e  s e p a r ate d  fr o m  g a s e s  i n  o th e r  H P M  h a z a r d  c ate g o r i e s  a s  r e q u i r e d  b y Tab l e  5 . 5 ,  o r  a r e
r e q u i r e d  to  b e  ke p t i n  a p p r o ve d  g a s  c a b i n e ts .
* S e p a r a ti o n  b y n o t l e s s  th a n  6  m  ( 2 0  ft)  i s  p e r m i tte d  i n  l i e u  o f a  n o n c o m b u s ti b l e  p ar ti ti o n .
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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

Δ Tab l e  5 . 5 . 2  Q u an ti ty L i m i ts  fo r H az ard o us  M ate ri al s  i n  a S i n gl e  Fab ri c ati o n  Are a

H az ard  C ate go r y

S o l i d s L i q u i d s G as

k g/ m 2 l b / ft2 L / m 2 gal / ft2 m 3  @  N T P / m 2 ft3  @  N T P / ft2

P h ys i c al  H az ard  M ate ri al s
 C o m b u s ti b l e  l i q u i d
 C l a s s  I I 0 . 8 0 . 0 2
 C l a s s  I I I -A 1 . 6 0 . 0 4
 C l a s s  I I I -B N o t l i m i te d N o t l i m i te d
 C o m b i n a ti o n  C l as s  I ,  I I ,  a n d  I I I - A 3 . 2 6 0 . 0 8
C r yo g e n i c
 F l a m m a b l e N o te  b N o te  b

 O x i d i z i n g 0 . 7 6 2 . 5
F l a m m a b l e  g a s
 Ga s e o u s N o te  b N o te  b

 Liquefed N o te  b N o te  b

F l a m m a b l e  l i q u i d
 C l a s s  I - A 2 . 0 4 0 . 0 5
 C l a s s  I - B 2 . 0 4 0 . 0 5
 C l a s s  I - C 2 . 0 4 0 . 0 5
 C o m b i n a ti o n  C l as s  I -A,  I -B ,  an d  I - C 2 . 0 4 0 . 0 5
 C o m b i n a ti o n  C l as s  I ,  I I ,  a n d  I I I - A 3 . 2 6 0 . 0 8
F l a m m a b l e  s o l i d 0 . 0 3 2 0 . 0 0 2
O r g a n i c  p e r o x i d e
 Unclassifed  d e to n ab l e N o te  a N o te  a N o te  a N o te  a

 C l a s s  I N o te  a N o te  a N o te  a N o te  a

 C l a s s  I I 0 . 8 0 . 0 5 0 . 1 0 . 0 0 2 5
 C l a s s  I I I 3 . 2 0 . 2 0 . 8 0 . 0 2
 C l a s s  I V N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
 C l a s s  V N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
O x i d i z i n g  g a s
 G a s e o u s 0 . 7 6 2 . 5
 Liquefed 0 . 7 6 2 . 5
C o m b i n a ti o n  o f g a s e o u s  a n d  

liquefed
0 . 7 6 2 . 5

O x i d i z e r
 C l a s s  4 N o te  a N o te  a N o te  a N o te  a

 C l a s s  3 0 . 0 9 6 0 . 0 0 6 2 . 4 4 0 . 0 6
 C l a s s  2 0 . 0 9 6 0 . 0 0 6 2 . 4 4 0 . 0 6
 C l a s s  1 N o t l i m i te d N o t l i m i te d N o t l i m i te d
C o m b i n a ti o n  o x i d i z e r

C l a s s  2 ,  3
0 . 0 9 6 0 . 0 0 6 2 . 4 4 0 . 0 6

P yr o p h o r i c N o te  a N o te  a 0 . 3 0 . 0 0 7 5 N o te s  b  a n d  c N o te s  b  a n d  c

U n s ta b l e  r e a c ti ve
 C l a s s  4 N o te  a N o te  a N o te  a N o te  a N o te  a N o te  a

 C l a s s  3 0 . 8 0 . 0 5 0 . 2 0 . 0 0 5 N o te  a N o te  a

 C l a s s  2 3 . 2 0 . 2 0 . 8 0 . 0 2 N o te  a N o te  a

 C l a s s  1 N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
Wa te r  r e a c ti ve
 C l a s s  3 N o te  b N o te  b 0 . 3 0 . 0 0 7 5
 C l a s s  2 8 . 0 0 . 5 2 . 0 4 0 . 0 5
 C l a s s  1 N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
H e al th  H az ard  M ate ri al s
C a r c i n o g e n s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
C o r r o s i ve s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
H i g h l y to x i c s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o te  b N o te  b

I r r i ta n ts N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
S e n s i ti z e r s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
O th e r  h e al th  h a z a r d s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d
To x i c s N o t l i m i te d N o t l i m i te d N o t l i m i te d N o t l i m i te d N o te  b N o te  b

N o te :  H a z a r d o u s  m a te r i a l s  wi th i n  p i p i n g  n o t to  b e  i n c l u d e d  i n  th e  c a l c u l a te d  q u a n ti ti e s .
a Qu a n ti ty o f h a z a r d o u s  m a te r i a l s  i n  a  s i n g l e  fa b r i c ati o n  ar e a  n o t to  e x c e e d  th e  m a x i m u m  al l o wa b l e  q u a n ti ti e s  ( M AQs )  c o n ta i n e d  i n  N F PA 1 ,  Ta b l e

6 0 . 4 . 2 . 1 . 1 . 3 ,  i n c l u d i n g  th e  1 0 0  p e r c e n t i n c r e a s e s  fo r  s p r i n kl e r s  a n d / o r  a p p r o ve d  c a b i n e t i n c r e as e s  wh e r e  a p p l i c a b l e .
b T h e  a g g r e g a te  q u a n ti ty o f fammable,  p yr o p h o r i c ,  to x i c ,  a n d  h i g h l y to x i c  g a s e s  n o t to  e x c e e d  a  d e n s i ty l i m i t o f 0 . 6 6  m 3  p e r  m 2  a t N T P  ( 0 . 2  ft3  p e r  ft2

a t N T P ) .
c T h e  ag g r e g a te  q u a n ti ty o f p yr o p h o r i c  g a s e s  i n  th e  b u i l d i n g  l i m i te d  to  th e  a m o u n ts  fo r  wh i c h  d e ta c h e d  s to r ag e  i s  n o t r e q u i r e d  a s  s e t fo r th  i n  N F PA 1 .
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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 .

5 . 7 . 3    S u p p l y p i p i n g fo r  al l  l i q u i d s  s h al l  b e  h yd r o s ta ti c al l y
te s te d  to  1 5 0  p e r c e n t o f th e  m a x i m u m  a l l o wab l e  wo r ki n g p r e s ‐
s u r e  fo r  2  h o u r s  wi th  n o  vi s i b l e  l e a ka ge  o r  l o s s  o f p r e s s u r e .

5 . 8  We l d i n g.

5 . 8 . 1    We l d e r s  an d  pipeftters  s h a l l  b e  tr ai n e d  a n d  qualifed  fo r
th e  specifc  fu n c ti o n  th e y a r e  p e r fo r m i n g .

5 . 8 . 2 *    T h e r m o p l as ti c  we l d e r s  fo r  c r i ti c a l  c o m p o n e n ts  s h al l  b e
tr a i n e d  an d  qualifed  fo r  th e  specifc  fu n c ti o n  th e y a r e
p e r fo r m i n g.

Δ Tab l e  5 . 5 . 2 . 2  M ax i m u m  Q u an ti ti e s  o f H az ard o u s  C h e m i c al s  at
a Wo rks tati o n

H az ard o us  C h e m i c al S tate M axi m u m  Am o u n t

F l am m a b l e s ,  h i g h l y 
to x i c s ,  an d  
p yr o p h o r i c s  a n d  
to x i c s  c o m b i n e d a

Ga s C o m b i n e d  a g g r e g a te  
vo l u m e  o f a l l  c yl i n d e r s  at 
a  wo r k s ta ti o n  s h a l l  n o t 
e x c e e d  a n  i n te r n a l  
c yl i n d e r  vo l u m e  o f 1 5 0  L  
( 3 9 . 6  g al ,  o r  5 . 2 9  ft3 ) .

H a z a r d o u s  c h e m i c a l  
fammables

L i q u i d 5 6 . 8  L  ( 1 5  g a l ) a, b

 S o l i d 2 . 3  kg  ( 5  l b ) a, b

C o r r o s i ve s a Ga s C o m b i n e d  a g g r e g a te  
vo l u m e  o f a l l  c yl i n d e r s  at 
a  wo r k s ta ti o n  s h a l l  n o t 
e x c e e d  a n  i n te r n a l  
c yl i n d e r  vo l u m e  o f 1 5 0  L  
( 3 9 . 6  g al ,  o r  5 . 2 9  ft3 ) .

 L i q u i d 3 7 8 . 5  L  ( 1 0 0  g a l ) a, b

 S o l i d 9 . 1  kg  ( 2 0  l b )
H i g h l y to x i c s L i q u i d 5 6 . 8  L  ( 1 5  g a l ) a

 S o l i d 2 . 3  kg  ( 5  l b ) a

O x i d i z e r s a Ga s C o m b i n e d  a g g r e g a te  
vo l u m e  o f a l l  c yl i n d e r s  at 
a  wo r k s ta ti o n  s h a l l  n o t 
e x c e e d  a n  i n te r n a l  
c yl i n d e r  vo l u m e  o f 1 5 0  L  
( 3 9 . 6  g al ,  o r  5 . 2 9  ft3 ) .

 L i q u i d 4 5 . 4  L  ( 1 2  g a l ) a, b

 S o l i d 9 . 1  kg  ( 2 0  l b ) a, b

P yr o p h o r i c s L i q u i d 2 . 0  L  ( 0 . 5  g a l ) c

S o l i d 2 . 0  kg  ( 4 . 4  l b ) c

To x i c s L i q u i d 5 6 . 8  L  ( 1 5  g al ) a, b

 S o l i d 2 . 3  kg  ( 5  l b ) a, b

U n s ta b l e  r e a c ti ve s
C l a s s  3

L i q u i d 2 0  L  ( 5 . 3  g a l ) a, b

 S o l i d 2 . 3  kg  ( 5  l b ) a, b

Wate r  r e a c ti ve s
C l a s s  3

L i q u i d 2 . 0  L  ( 0 . 5  g a l ) c

aQu a n ti ti e s  a r e  al l o we d  to  b e  i n c r e a s e d  1 0 0  p e r c e n t fo r  u s e - c l o s e d
s ys te m s  o p e r a ti o n s .  Wh e n  n o te  b  a l s o  a p p l i e s ,  th e  i n c r e a s e  fo r  b o th
r e q u i r e m e n ts  i s  a l l o we d .

b Qu an ti ti e s  ar e  a l l o we d  to  b e  i n c r e as e d  1 0 0  p e r c e n t wh e n  to o l s  a r e
c o n s tr u c te d  o f m a te r i a l s  th a t a r e  l i s te d  o r  a p p r o ve d  fo r  u s e  wi th o u t
i n te r n a l  fre  e x ti n g u i s h i n g  o r  s u p p r e s s i o n  o r  i n te r n a l l y p r o te c te d  wi th
an  a p p r o ve d  a u to m a ti c  fre-extinguishing  o r  s u p p r e s s i o n  s ys te m .  Wh e n
n o te  a  a l s o  ap p l i e s ,  th e  i n c r e as e  fo r  b o th  n o te s  i s  a l l o we d .
c Qu a n ti ti e s  a r e  al l o we d  to  b e  i n c r e a s e d  to  2 0  L  ( 5 . 3  g al )  o f l i q u i d  a n d
2 0  kg  ( 4 4  l b )  o f to ta l  l i q u i d s  a n d  s o l i d s  wh e r e  c o n d i ti o n s  a r e  i n
ac c o r d a n c e  wi th  S e c ti o n  6 . 4 .

C h ap te r 6    L i q u i d  C h e m i c al  S to rage  an d  H an d l i n g

6 . 1  G e n e ral .    L i q u i d  c h e m i c al  h az ar d s  ar e  identifed  i n
S e c ti o n s  6 . 2  th r o u g h  6 . 8 .

6 . 2 *  Fl am m ab l e  an d  C o m b u s ti b l e  L i q u i d  D e l i ve r y S ys te m s .

6 . 2 . 1    T h e  d e s i gn ,  fab r i c a ti o n ,  as s e m b l y,  te s t,  a n d  i n s p e c ti o n  o f
d i s p e n s i n g s ys te m s  s h al l  c o m p l y wi th  th e  p r o vi s i o n s  o f

S e c ti o n  2 7 . 3  o f N F PA 3 0 .

6 . 2 . 2    C l as s  I  a n d  C l as s  I I  l i q u i d s  s h a l l  n o t b e  p i p e d  to  d e l i ve r
b y gr a vi ty fr o m  ta n ks ,  d r u m s ,  b a r r e l s ,  o r  s i m i l ar  c o n ta i n e r s .

6 . 2 . 3    D i s p e n s i n g  s ys te m s  fo r  fammable  a n d  c o m b u s ti b l e
l i q u i d s  s h al l  c o n tai n  d e vi c e s  o f a n  ap p r o ve d  typ e .

6 . 2 . 4    Wh e n  p r e s s u r i z e d  s ys te m s  a r e  u ti l i z e d ,  a l l  m ate r i a l s  o f
c o n s tr u c ti o n  u s e d  i n  th e  s ys te m  s h a l l  b e  c o m p ati b l e  wi th  th e
c h e m i c a l s  b e i n g d i s p e n s e d .

Δ 6 . 2 . 5    S ys te m s  fo r  p o i n t-o f-u s e  d i s p e n s i n g  fr o m  p r e s s u r i z e d
c a n i s te r s  s h al l  b e  e q u i p p e d  wi th  th e  fo l l o wi n g  s a fe g u a r d s :

( 1 ) Au to m ati c  d e p r e s s u r i z ati o n  ve n ts ,  ve n te d  to  a  s afe  l o c a‐
ti o n ,  i n  c as e  o f fre

( 2 ) M an u al  ve n ts ,  to  al l o w fo r  th e  r e m o val  o f c a n i s te r s  ve n te d
to  a s afe  l o c a ti o n

( 3 ) M an u al  s h u to ff va l ve s  a t th e  p o i n t o f u s e
( 4 ) T h e  u s e  o f i n e r t g as  o n l y
( 5 ) E ac h  c a n i s te r  ve n ti n g  d e vi c e  s h a l l  b e  m a r ke d  p e r

2 2 . 7 . 3 . 1 0  o f N F PA 3 0  wi th  th e  s tar t-to - o p e n  p r e s s u r e ,  p r e s ‐
s u r e  a t wh i c h  th e  ve n t r e ac h e s  th e  fu l l  o p e n  p o s i ti o n ,  an d

th e  fow c ap ac i ty a t th e  r e l i e vi n g  p r e s s u r e .
( 6 ) P i p i n g  to  o r  fr o m  ap p r o ve d  e m e r ge n c y ve n t d e vi c e s  fo r

p r e s s u r i z e d  c a n i s te r s  s h al l  b e  s i z e d  i n  ac c o r d a n c e  wi th  th e
AS M E  Boiler and Pressure Vessel Code.

6 . 2 . 6    Tr an s fe r  o f l i q u i d s  am o n g ve s s e l s ,  c o n ta i n e r s ,  tan ks ,  an d
p i p i n g s ys te m s  b y m e a n s  o f ai r  o r  i n e r t g as  p r e s s u r e  s h a l l  b e

p e r m i tte d  o n l y u n d e r  al l  o f th e  fo l l o wi n g c o n d i ti o n s :

( 1 ) T h e  ve s s e l s ,  c o n ta i n e r s ,  ta n ks ,  a n d  p i p i n g  s ys te m s  s h a l l  b e
d e s i g n e d  fo r  s u c h  p r e s s u r i z e d  tr an s fe r  an d  s h al l  b e  c ap a‐

b l e  o f wi th s ta n d i n g th e  a n ti c i p a te d  o p e r ati n g  p r e s s u r e .
( 2 ) S a fe ty a n d  o p e r a ti n g c o n tr o l s ,  i n c l u d i n g  p r e s s u r e -r e l i e f

d e vi c e s ,  s h a l l  b e  p r o vi d e d  to  p r e ve n t o ve r p r e s s u r e  o f an y
p ar t o f th e  s ys te m .

( 3 ) O n l y i n e r t ga s  s h a l l  b e  u s e d  to  tr a n s fe r  C l as s  I  l i q u i d s .
O n l y i n e r t ga s  s h al l  b e  u s e d  to  tr a n s fe r  C l as s  I I  an d

C l a s s  I I I  l i q u i d s  th a t a r e  h e a te d  ab o ve  th e i r  fash  p o i n ts .

[ 3 0 : 1 8 . 4 . 4 ]

6 . 2 . 7    P r e s s u r i z e d  d e l i ve r y s ys te m s  fo r  fammable  o r  c o m b u s ti ‐
b l e  l i q u i d s  s h a l l  b e  h yd r o s tati c a l l y te s te d  to  1 5 0  p e r c e n t o f th e

m a x i m u m  a l l o wab l e  wo r ki n g  p r e s s u r e  fo r  2  h o u r s  wi th  n o  vi s i ‐
b l e  l e akag e  o r  l o s s  o f p r e s s u r e .

6 . 2 . 7 . 1    S ys te m s  ac c e p tan c e  te s ti n g  s h al l  b e  d o c u m e n te d  i n
ac c o r d an c e  wi th  r e c o g n i z e d  e n g i n e e r i n g s ta n d a r d s .

6 . 2 . 7 . 2    An  i n e r t g as  s h al l  b e  p e r m i tte d  to  b e  u s e d  to  p r e s s u r e
te s t s ys te m s  i n  wh i c h  wate r  o r  wate r  r e s i d u e  wo u l d  b e  d a m ag i n g
o r  c o s t-r e s tr i c ti ve .

6 . 2 . 8    Al l  we tte d  p ar ts  i n  p r e s s u r i z e d  d e l i ve r y s ys te m s  fo r  fam‐
mable  l i q u i d s  s h al l  b e  m e tal l i c  c o n s tr u c ti o n  wi th  a m e l ti n g

p o i n t ab o ve  1 0 9 3 . 3 ° C  ( 2 0 0 0 ° F ) .
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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

6 . 2 . 8 . 1    F l am m ab l e  l i q u i d s  s h al l  b e  p e r m i tte d  to  b e  c o n ve ye d
i n  n o n m e ta l l i c  tu b i n g p r o vi d e d  th e  tu b i n g  i s  d i r e c tl y c o n ta i n e d
i n  a m e tal  e n c l o s u r e  wi th  a m e l ti n g  p o i n t ab o ve  1 0 9 3 . 3 ° C
( 2 0 0 0 ° F ) .

6 . 2 . 8 . 2    N o n m e ta l l i c  tu b i n g a n d  a s s o c i a te d  s e c o n d ar y c o n tai n ‐
m e n t s h al l  b e  d e s i g n e d  an d  b u i l t i n  ac c o r d an c e  wi th  r e c o g‐
n i z e d  s ta n d a r d s  o f d e s i gn  o r  ap p r o ve d  e q u i val e n ts  a n d  s h al l  b e
i n s ta l l e d  i n  a c c o r d a n c e  wi th  th e  p r o vi s i o n s  o f 2 7 . 4 . 4  o f
N F PA 3 0 .

6 . 2 . 9  B u l k  D e l i ve r y S ys te m s .

6 . 2 . 9 . 1    B u l k d e l i ve r y s ys te m s  s h al l  b e  e q u i p p e d  wi th  th e
fo l l o wi n g  s a fe g u a r d s :

( 1 ) E x c e s s  fow p r o te c ti o n ,  i n c l u d i n g  a u to m a ti c  s h u to ff
( 2 ) S e c o n d ar y c o n tai n m e n t
( 3 ) M an u al  s h u td o wn  a t p o i n t o f u s e  a n d  at a r e m o te  l o c ati o n
( 4 ) F i l l  l e ve l  m o n i to r s  an d  a u to m a ti c  s h u to ff
( 5 ) A p r e s e t m e te r  fo r  au to m ate d  d e l i ve r y s ys te m s

6 . 2 . 9 . 2    T h e  p r e s e t m e te r  s h al l  b e  p e r m i tte d  to  b e  i n s tal l e d  at
p o i n ts  o f u s e .

6 . 2 . 9 . 3    H az ar d o u s  p r o d u c ti o n  m a te r i al  ( H P M )  l i q u i d  s to r ag e
an d  d i s p e n s i n g r o o m s  s h a l l  h ave  a d r ai n ag e  s ys te m  to  an
ap p r o ve d  l o c a ti o n ,  o r  th e  r o o m  s h a l l  s e r ve  a s  s e c o n d ar y
c o n tai n m e n t fo r  a h az ar d o u s  c h e m i c al  s p i l l  a n d  fre  p r o te c ti o n
wate r  fo r  a p e r i o d  o f 2 0  m i n u te s .

6 . 2 . 1 0    P r o c e s s i n g an d  h an d l i n g  o f C l a s s  I I  a n d  C l a s s  I I I  l i q u i d s
h e a te d  at o r  ab o ve  th e i r  fash  p o i n t s h al l  fo l l o w th e  r e q u i r e ‐
m e n ts  fo r  C l as s  I  l i q u i d s ,  u n l e s s  a n  e n gi n e e r i n g  e va l u a ti o n
c o n d u c te d  i n  ac c o r d an c e  wi th  C h ap te r  6  o f N F PA 3 0  justifes
fo l l o wi n g  th e  r e q u i r e m e n ts  fo r  s o m e  o th e r  l i q u i d  c l as s .
[ 3 0 : 1 8 . 3 ]

6 . 2 . 1 0 . 1    Wh e n  a  p r o c e s s  r e q u i r e s  h e a ti n g a l i q u i d  to  a  te m p e r ‐
atu r e  at o r  a b o ve  i ts  fashpoint,  th e  fo l l o wi n g s h al l  ap p l y:

( 1 ) T h e  p r o c e s s  ve s s e l  s h al l  b e  c l o s e d  to  th e  r o o m  i n  wh i c h  i t
i s  l o c a te d .

( 2 ) P r o c e s s  h e ati n g  c o n tr o l s  s h a l l  b e  i n te r l o c ke d  wi th  th e
e x h au s t ve n ti l ati o n ,  s u c h  th at th e  p r o c e s s  h e at wi l l  s h u t

d o wn  i f th e  ve n ti l ati o n  fai l s  o r  i s  tu r n e d  o ff.
( 3 ) T h e  p r o c e s s  ve s s e l  s h al l  b e  e q u i p p e d  wi th  an  e x c e s s

te m p e r a tu r e  c o n tr o l  s e t to  l i m i t e x c e s s i ve  h e ati n g  o f th e
l i q u i d  an d  th e  s u b s e q u e n t r e l e as e  o f vap o r s .

( 4 ) I f a h e at tr a n s fe r  m e d i u m  i s  u s e d  to  h e at th e  l i q u i d  an d
th e  h e a t tr an s fe r  fuid  c an  h e a t th e  l i q u i d  to  i ts  b o i l i n g

p o i n t o n  fa i l u r e  o f th e  p r o c e s s  a n d  e x c e s s  te m p e r a tu r e
h e at c o n tr o l s ,  a  r e d u n d an t e x c e s s  te m p e r a tu r e  c o n tr o l
s h a l l  b e  p r o vi d e d .

6 . 2 . 1 1    Wh e r e  C l a s s  I  l i q u i d s  ar e  h a n d l e d  o r  u s e d  ab o ve  g r ad e
wi th i n  b u i l d i n g s  wi th  b a s e m e n ts  o r  c l o s e d  p i ts  i n to  wh i c h  fam‐
mable  vap o r s  c an  tr a ve l ,  s u c h  b e l o wgr a d e  a r e as  s h al l  b e  p r o vi ‐
d e d  wi th  m e c h an i c a l  ve n ti l a ti o n  d e s i g n e d  to  p r e ve n t th e
ac c u m u l ati o n  o f fammable  va p o r s .  [ 3 0 : 1 7 . 6 . 9 . 1 ]

6 . 2 . 1 2  Ve n ti l ati o n  fo r D i s p e n s i n g Are as .

6 . 2 . 1 2 . 1    Ve n ti l a ti o n  fo r  fammable  an d  c o m b u s ti b l e  l i q u i d
d i s p e n s i n g ar e as  s h a l l  c o m p l y wi th  th e  p r o vi s i o n s  o f
S e c ti o n  1 8 . 6  o f N F PA 3 0 .

6 . 3  S p i l l  P ro te c ti o n .

6 . 3 . 1    S p i l l  p r o te c ti o n  fo r  l i q u i d  h a z a r d o u s  c h e m i c a l s  s h a l l  b e
p r o vi d e d  wh e r e  l e akag e  fr o m  a ftting  o r  to o l  te r m i n a te s  i n  a n

u n o c c u p i e d  o r  b e l o wg r ad e  ar e a.

6 . 3 . 2    S p i l l  p r o te c ti o n  s h al l  i n c l u d e  s e c o n d ar y c o n ta i n m e n t
a n d  a m e th o d  o f d e te c ti n g a s p i l l .

6 . 3 . 3  Wo rk s tati o n s .    E a c h  wo r ks ta ti o n  i n  a  fa b r i c ati o n  ar e a
u s i n g  h a z a r d o u s  c h e m i c al  l i q u i d s  s h al l  h ave  th e  fo l l o wi n g :

( 1 ) D r ai n a ge  p i p i n g s ys te m s  c o n n e c te d  to  a  c o m p ati b l e
s ys te m  fo r  d i s p o s i ti o n  o f s u c h  l i q u i d s

( 2 ) Wo r k s u r fac e  p r o vi d e d  wi th  a s l o p e  o r  o th e r  m e an s  fo r
d i r e c ti n g  s p i l l e d  m ate r i a l s  to  th e  c o n tai n m e n t o r  d r ai n ‐
ag e  s ys te m

( 3 ) Ap p r o ve d  m e an s  o f c o n tai n i n g  o r  d i r e c ti n g s p i l l e d  o r
l e ake d  l i q u i d s  to  th e  d r a i n a ge  s ys te m

6 . 4  P yro p h o ri c  L i q u i d s .

6 . 4 . 1 *    P yr o p h o r i c  l i q u i d s  i n  c o n ta i n e r s  g r e ate r  th an  2  L
( 0 . 5  ga l )  b u t n o t e x c e e d i n g 2 0  L  ( 5 . 3  g al )  c ap a c i ty s h a l l  b e

al l o we d  a t wo r ks ta ti o n s  wh e n  l o c ate d  i n s i d e  c ab i n e ts  th at
c o m p l y wi th  th e  r e q u i r e m e n ts  o f S e c ti o n  6 . 4 .

6 . 4 . 2 *    T h e  m ax i m u m  am o u n t p e r  c ab i n e t s h al l  b e  l i m i te d  to
2 0  L  ( 5 . 3  g al ) .

6 . 4 . 3  C ab i n e t C o n s tr u c ti o n .    C a b i n e ts  s h a l l  b e  c o n s tr u c te d
ac c o r d i n g  to  th e  fo l l o wi n g:

( 1 ) C ab i n e ts  s h al l  b e  c o n s tr u c te d  o f n o t l e s s  th a n  1 2  ga u g e
s te e l .

( 2 ) C ab i n e ts  s h al l  h ave  s e l f-c l o s i n g ,  l i m i te d -ac c e s s  p o r ts  wi th
n o n c o m b u s ti b l e  wi n d o ws  th at p r o vi d e  ac c e s s  to  c a b i n e t

c o n tr o l s .
( 3 ) C ab i n e ts  s h a l l  b e  p r o vi d e d  wi th  s e l f-c l o s i n g  d o o r s  o r  o th e r

m e a n s  o f e n s u r i n g th at th e  to o l  wi l l  n o t b e  o p e r ate d  wi th
th e  d o o r  i n  th e  o p e n  p o s i ti o n .

( 4 ) T h e  c a b i n e t s h al l  b e  d e s i g n e d  to  p r o vi d e  r e a l -ti m e  fe e d ‐
b a c k to  th e  o p e r ato r  an d / o r  c h e m i c al  h an d l i n g te c h n i ‐
c i an  s o  th e y r e m a i n  a war e  o f va l ve  p o s i ti o n i n g an d

m a te r i al  fow.

6 . 4 . 4 *  C ab i n e t E x h au s t Ve n ti l ati o n  S ys te m .    C ab i n e t e x h a u s t
s h a l l  c o m p l y wi th  th e  fo l l o wi n g:

( 1 ) T h e  s ys te m  s h al l  b e  d e s i g n e d  to  m ai n tai n  th e  c a b i n e t a t a
n e g ati ve  p r e s s u r e  i n  r e l ati o n  to  th e  s u r r o u n d i n g  ar e a .

( 2 ) T h e  s ys te m  s h al l  b e  p r o vi d e d  wi th  m o n i to r i n g  e q u i p m e n t
to  e n s u r e  c ab i n e t e x h a u s t.  T h e  m o n i to r i n g e q u i p m e n t
s h a l l  tr an s m i t a s i g n al  to  th e  o n -s i te  e m e r g e n c y c o n tr o l

s tati o n  i n  c as e  o f an  e x h au s t s ys te m  fai l u r e .

6 . 4 . 5  C ab i n e t S p i l l  C o n tai n m e n t.    S p i l l  c o n ta i n m e n t s h al l  b e
p r o vi d e d  i n  e ac h  c ab i n e t,  wi th  th e  s p i l l  c o n tai n m e n t c ap a b l e  o f

h o l d i n g th e  c o n te n ts  o f th e  ag g r e ga te  am o u n t o f l i q u i d s  i n
c o n tai n e r s  i n  e a c h  c ab i n e t.

6 . 4 . 5 . 1    E ac h  c a b i n e t s h al l  b e  e q u i p p e d  wi th  a l i q u i d  l e ak
d e te c to r  i n te r l o c ke d  to  s h u t d o wn  th e  c ab i n e t an d  c o r r e s p o n d ‐
i n g l i q u i d  fow u p o n  d e te c ti o n  o f a  l e ak.

6 . 4 . 6  Val ve s .    An  a u to m a ti c  val ve  s h a l l  b e  p r o vi d e d  b e twe e n
th e  p r o d u c t c o n tai n e r s  i n  th e  c ab i n e t a n d  th e  wo r ks ta ti o n

s e r ve d  b y th e  p yr o p h o r i c  l i q u i d  c o n ta i n e r s .  Val ve  fai l u r e  s h a l l
b e  i n  th e  c l o s e d  p o s i ti o n  u p o n  l o s s  o f p o we r  o r  ac tu ati o n  o f th e
fre  p r o te c ti o n  s ys te m .
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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 .

6 . 4 . 7  Fi re  D e te c ti o n  S ys te m .    F i r e  d e te c ti o n  s ys te m s  s h a l l
c o m p l y wi th  th e  r e q u i r e m e n ts  o f C h ap te r  1 1 .

N 6 . 4 . 8  Fi re  C o n tro l  S ys te m .    C a b i n e ts  s h al l  b e  p r o te c te d  wi th  a n
ap p r o ve d  a u to m a ti c  fre  c o n tr o l  s ys te m  th a t i s  c ap ab l e  o f
c a p tu r i n g ,  c o n tai n i n g ,  an d  a b ati n g  th e  p yr o p h o r i c  m a te r i al
an d  a s s o c i a te d  c o m b u s ti o n  b y- p r o d u c ts  fr o m  r e a c ti o n  wi th  ai r
s h o u l d  a  l e ak o c c u r  wi th i n  th e  c ab i n e t.

6 . 4 . 9  D i s tri b uti o n .    F o l l o wi n g  th e  i n i ti al  i n s tal l a ti o n  o r  a n y
modifcations  th a t c o m p r o m i s e  th e  p i p i n g  i n te gr i ty,  th e  e n ti r e
s ys te m  s h a l l  b e  s u b j e c te d  to  a p r e s s u r e  te s t at a  m i n i m u m  p r e s ‐
s u r e  o f 5 0  p e r c e n t o ve r  th e  m ax i m u m  p r e s s u r e  a va i l a b l e  to  th e
s ys te m ,  b u t n o t l e s s  th a n  5 5 2  kP a  ( g au ge  p r e s s u r e  o f 8 0  p s i )  fo r
2  h o u r s  wi th  n o  d i s c e r n i b l e  p r e s s u r e  d r o p .  H e l i u m  l e ak c h e c k‐
i n g s h a l l  b e  p e r m i tte d  to  b e  u s e d  as  a n  a l te r n ate  m e th o d  at 1  ×
1 0 − 6  a tm · c c / s e c  ( 1 . 1 1 6  ×  1 0 − 3  a tm · c c · ft/ yr ) .

6 . 4 . 1 0    M ate r i a l s  fo r  tu b i n g ,  p i p i n g ,  val ve s ,  an d  fttings  u s e d  fo r
th e  d i s tr i b u ti o n  s h a l l  b e  o f n o n c o m b u s ti b l e  c o n s tr u c ti o n .

6 . 4 . 1 1  E l e c tri c al .    E x h au s t ve n ti l a ti o n ,  d e te c ti o n ,  an d  s h u t‐
d o wn  s ys te m s  s h a l l  b e  p r o vi d e d  wi th  an  e m e r g e n c y s o u r c e  o f

b a c ku p  p o we r.

6 . 5  C o r ro s i ve  L i q ui d s .

6 . 5 . 1  I n d o o r S to rage .

6 . 5 . 1 . 1  L i q u i d - T i gh t Fl o o r.    F l o o r s  i n  s to r a ge  ar e as  fo r  corrosive
l i q u i d s  s h al l  b e  o f l i q u i d -ti g h t,  n o n c o m b u s ti b l e  c o n s tr u c ti o n .

6 . 5 . 2  U s e .

6 . 5 . 2 . 1    L i q u i d s  h a vi n g a h az ar d  r a n ki n g o f 3  wh e n  e x c e e d i n g
2 0  L  ( 5 . 3  g al ) ,  o r  l i q u i d s  h avi n g  a h az ar d  r an ki n g  o f 4  wh e n
e x c e e d i n g 4  L  ( 1 . 1  ga l ) ,  s h al l  b e  tr an s fe r r e d  b y o n e  o f th e

fo l l o wi n g  m e th o d s :

( 1 ) F r o m  s afe ty c an s
( 2 ) T h r o u gh  an  a p p r o ve d  c l o s e d -p i p i n g  s ys te m
( 3 ) F r o m  c o n ta i n e r s  o r  ta n ks  b y an  ap p r o ve d  p u m p  taki n g

s u c ti o n  th r o u g h  an  o p e n i n g i n  th e  to p  o f th e  c o n tai n e r
o r  tan k

( 4 ) F o r  o th e r  th a n  h i g h l y to x i c  l i q u i d s ,  fr o m  c o n tai n e r s  o r
tan ks  b y g r avi ty th r o u g h  a n  a p p r o ve d  s e l f-c l o s i n g o r
a u to m a ti c -c l o s i n g  va l ve  wh e r e  th e  c o n tai n e r  o r  tan k an d

d i s p e n s i n g o p e r ati o n s  ar e  p r o vi d e d  wi th  s p i l l  c o n tr o l  an d
s e c o n d a r y c o n ta i n m e n t c o m p l yi n g wi th  6 . 3 . 1 . 4 . 1  th r o u gh
6 . 3 . 1 . 4 . 2 . 1 0  o f N F PA 4 0 0

( 5 ) B y th e  u s e  o f ap p r o ve d  e n g i n e e r e d  l i q u i d  tr an s fe r  s ys te m s
[ 4 0 0 : 6 . 3 . 1 . 7 . 2 ]

6 . 5 . 2 . 2  Ve n ti l ati o n .    Wh e r e  c o r r o s i ve  l i q u i d s  h a vi n g a h az ar d
r a n ki n g o f 3  o r  4  i n  ac c o r d an c e  wi th  N F PA 7 0 4  ar e  d i s p e n s e d

o r  u s e d ,  m e c h an i c a l  e x h a u s t ve n ti l a ti o n  s h al l  b e  p r o vi d e d  to
c a p tu r e  m i s ts  o r  va p o r s  at th e  p o i n t o f g e n e r ati o n .

6 . 6  To x i c  an d  H i gh l y To x i c  M ate ri al s .    To x i c  a n d  h i g h l y to x i c
m a te r i al s  s h a l l  b e  a r r an g e d  a n d  p r o te c te d  p e r  th e  r e q u i r e ‐

m e n ts  o f N F PA 4 0 0 .

6 . 7 *  Wate r Re ac ti ve  C h e m i s tri e s .

6 . 7 . 1 *    Wate r- b a s e d  h e ati n g  b a th s  u s e d  fo r  h e ati n g  am p o u l e s
o r  c yl i n d e r s  s h al l  b e  th o r o u gh l y i n s p e c te d  to  a s s u r e  l e ak ti g h t‐

n e s s  to  p r e ve n t e n tr y o f wate r i n to  th e  wate r  r e a c ti ve  m ate r i a l .

6 . 8  O x i d i z e rs .

6 . 8 . 1    T h e  u s e  an d  h an d l i n g  o f o x i d i z e r  l i q u i d s  s h al l  b e  i n
ac c o r d an c e  wi th  S e c ti o n s  1 5 . 5  an d  1 5 . 6  o f N F PA 4 0 0 .

C h ap te r 7    G as  S to rage  an d  H an d l i n g

7 . 1 *  G e n e ral .    T h e  s to r a ge ,  u s e ,  an d  h a n d l i n g o f h az ar d o u s
ga s e s  s h a l l  b e  i n  ac c o r d a n c e  wi th  th e  p r o vi s i o n s  o f th i s  c h a p te r,
C h ap te r  5 ,  a n d  N F PA 5 5 .

7 . 1 . 1  I gn i ti o n  S o u rc e  C o n tro l .    We l d i n g  a n d  o th e r  ac ti vi ti e s
th a t p r o d u c e  i g n i ti o n  s h al l  b e  m i n i m i z e d  i n  a r e as  wh e r e  th e r e

i s  p o te n ti a l  fammable  ga s  r e l e as e .

7 . 1 . 1 . 1 *    We l d i n g  o r  o th e r  ac ti vi ti e s  th a t p r o d u c e  a s p ar k s h a l l
b e  a l l o we d  o n l y th r o u g h  a s p e c i al  i n te r n al  p e r m i t p r o c e d u r e

th a t c al l s  fo r  m o n i to r i n g  i n  th e  a r e a fo r  2 5  p e r c e n t o f th e  L F L
an d  a  fre  watc h  a n d  ve n ti l a ti o n  to  r e d u c e  th e  p o te n ti a l  o f

e x p l o s i ve  c o n c e n tr a ti o n s .

7 . 1 . 2    A l e a k c h e c k s h al l  b e  p e r fo r m e d  o n  al l  g as  c yl i n d e r s
p r i o r  to  u n l o ad i n g fr o m  th e  tr a n s p o r t ve h i c l e .

7 . 1 . 3  D i s tri b u ti o n  S ys te m s .

Δ 7 . 1 . 3 . 1    P i p i n g,  tu b i n g,  fttings,  an d  r e l a te d  c o m p o n e n ts  s h a l l
b e  d e s i g n e d ,  fa b r i c ate d ,  an d  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 e  a p p l i c ab l e  p a r ts  i n  AS M E  B 3 1 . 3 ,  Process
Piping.  [ 5 5 : 7 . 3 . 1 . 3 ]

7 . 1 . 3 . 1 . 1    T h e  e n ti r e  s ys te m  s h al l  b e  s u b j e c te d  to  a p r e s s u r e
te s t a t a m i n i m u m  p r e s s u r e  o f 2 0  p e r c e n t o ve r  th e  m a x i m u m

p r e s s u r e  a va i l ab l e  to  th e  s ys te m  b u t n o t l e s s  th an  5 5 2  kP a
( 8 0  p s i )  fo r  2  h o u r s  wi th  n o  d i s c e r n i b l e  p r e s s u r e  d r o p .

7 . 1 . 3 . 1 . 2    D i s tr i b u ti o n  p i p i n g  s h al l  b e  l e ak te s te d  i n  ac c o r d ‐
an c e  wi th  S E M I  F 1 ,  Specifcation for Leak Integrity of High-Purity
Gas Piping Systems and Components.

7 . 1 . 3 . 2    M ate r i al  fo r  tu b i n g ,  p i p i n g ,  a n d  fttings  u s e d  fo r  d i s tr i ‐
b u ti o n  o f c o m p r e s s e d  ga s e s  o r  h az ar d o u s  p r o d u c ti o n  m a te r i al

g as e s  s h al l  b e  c o m p ati b l e  wi th  th o s e  g as e s .

7 . 1 . 3 . 3 *    M a te r i al s  fo r  tu b i n g,  p i p i n g ,  an d  fttings  u s e d  fo r  th e
d i s tr i b u ti o n  o f c o m p r e s s e d  ga s  o r  h a z a r d o u s  p r o d u c ti o n  m a te ‐

r i al  ga s e s  s h a l l  b e  o f n o n c o m b u s ti b l e  c o n s tr u c ti o n  o r  o f
c o m b u s ti b l e  c o n s tr u c ti o n  c o n ta i n e d  i n  a n o n c o m b u s ti b l e  o u te r

j a c ke t.

7 . 1 . 3 . 4    Tu b i n g ,  p i p i n g ,  a n d  fttings  s h a l l  b e  we l d e d .

7 . 1 . 3 . 4 . 1    N o n we l d e d  c o n n e c ti o n s  an d  fttings  s h a l l  b e  p e r m i t‐
te d  to  b e  u s e d  wh e n  h o u s e d  i n  an  e x h a u s te d  e n c l o s u r e  o r  i n  an

o u ts i d e  e n c l o s u r e .

7 . 1 . 4  P u rge  P an e l s .

7 . 1 . 4 . 1 *    P u r g e  p a n e l s  s h al l  b e  p r o vi d e d  at th e  c yl i n d e r s  fo r  a l l
h az ar d o u s  p r o d u c ti o n  m a te r i al  g as e s  wh e n  i n  u s e .  (See 7. 6. 2 for
silane and silane mixes. )

7 . 1 . 4 . 2    P u r g e  p a n e l s  s h al l  b e  l a b e l e d  wi th  th e  typ e  o f g as ,  an d
th e  typ e  o f p u r g e  ga s .

7 . 1 . 4 . 3 *    P u r ge  p an e l s  s h a l l  b e  c o n s tr u c te d  o f m ate r i al s
c o m p a ti b l e  wi th  g as e s  c o n ve ye d ,  m i n i m i z e  l e a ka ge  p o te n ti al ,

p r o vi d e  fo r  c o n tr o l  o f e x c e s s  fow,  an d  b e  e q u i p p e d  wi th  an
ap p r o p r i a te  e m e r g e n c y s h u to ff.
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7 . 1 . 4 . 4    P u r ge  p an e l s  s h a l l  b e  d e s i g n e d  to  p r e ve n t backfow
an d  c r o s s - c o n tam i n a ti o n  o f p u r g e  ga s  o r  o th e r  p r o c e s s  ga s e s .

7 . 1 . 4 . 5    C h e c k val ve s  s h al l  n o t b e  e x p o s e d  to  c yl i n d e r  p r e s s u r e
i f a  c yl i n d e r  h as  a p r e s s u r e  g r e ate r  th a n  5 5 2  kP a  ( 8 0  p s i ) .

7 . 1 . 4 . 6    A m a n u a l  i s o l a ti o n  val ve  s h al l  b e  p r o vi d e d  o n  th e  p r o c ‐
e s s  d e l i ve r y l i n e  a t th e  p u r ge  p an e l  to  p e r m i t r e m o val  o f th e
p u r g e  p a n e l  fo r  r e p a i r  an d  m a i n te n an c e .

7 . 1 . 4 . 7    H az ar d o u s  p r o d u c ti o n  m ate r i a l  ga s  c yl i n d e r  p u r g e
p an e l s  s h a l l  b e  p r o vi d e d  wi th  d e d i c ate d  p u r ge  g as  c yl i n d e r s .

7 . 1 . 4 . 7 . 1    O n l y p u r ge  p an e l s  s e r vi n g c o m p a ti b l e  g as e s  s h a l l  b e
p e r m i tte d  to  s h ar e  a p u r ge  c yl i n d e r.

7 . 1 . 4 . 8    B u l k ga s  s ys te m s  s h a l l  n o t b e  u s e d  as  th e  p u r g e  s o u r c e
fo r  h az ar d o u s  p r o d u c ti o n  m ate r i al  ga s  c yl i n d e r  p u r g e  p a n e l s .

N 7 . 1 . 4 . 8 . 1    B u l k ga s  p u r g e  s o u r c e s  s h al l  b e  p e r m i tte d  to  b e  u s e d
i n  p l ac e  o f p u r ge  c yl i n d e r s  wh e n  th e  p r e s s u r e  a t th e  H P M  c yl i n ‐
d e r  val ve  o u tl e t i s  n o  gr e a te r  th a n  a ga u g e  p r e s s u r e  o f 1 0 3  kP a
( 1 5  p s i )  a t th e  o p e r ati n g  te m p e r a tu r e .

N 7 . 1 . 4 . 8 . 2    Re gu l a ti o n  o f c yl i n d e r  p r e s s u r e  d o wn s tr e am  o f th e
c yl i n d e r  val ve  o u tl e t s h al l  n o t b e  an  a c c e p ta b l e  m e an s  to  m e e t
th e  g au ge  p r e s s u r e  o f 1 0 3  kP a ( 1 5  p s i )  at th e  o p e r a ti n g te m p e r ‐
atu r e .

7 . 1 . 5  Ve n t H e ad e rs .

7 . 1 . 5 . 1    P u r g e  p a n e l  ve n t l i n e  h e ad e r s ,  wh e r e  u s e d ,  s h al l  b e
d e s i g n e d  to  p r e ve n t th e  m i x i n g  o f i n c o m p ati b l e  g as e s  an d  p yr o ‐
p h o r i c  ga s e s  wi th  ai r.

7 . 1 . 5 . 1 . 1    Ve n t h e ad e r  i n e r t g as  p u r ge  s h al l  b e  m o n i to r e d  an d
p r o vi d e d  wi th  a l o c al  al a r m  wh e n  fow fal l s  b e l o w a  r e q u i r e d  s e t
p o i n t.

7 . 1 . 5 . 2    S i l a n e  ve n t h e ad e r s  o r  i n d i vi d u al  p u r g e  p an e l  ve n t
l i n e s  s h al l  h ave  a c o n ti n u o u s  fow o f n i tr o g e n .

7 . 1 . 5 . 2 . 1    To  p r e ve n t b ac k d i ffu s i o n  o f ai r  i n to  th e  ve n t l i n e ,  an
i n e r t g as  fow s h a l l  b e  i n tr o d u c e d .

7 . 1 . 5 . 2 . 2    T h e  i n e r t ga s  s h al l  b e  i n tr o d u c e d  u p s tr e am  o f th e
frst e x h a u s t c o n n e c ti o n  to  th e  h e ad e r.

7 . 1 . 5 . 3    Ve n ts  s h a l l  te r m i n a te  at a s afe  l o c ati o n  o r  i n  tr e atm e n t
s ys te m s .

7 . 1 . 5 . 4    P r o c e s s  d e l i ve r y l i n e s  u s e d  fo r  h az ar d o u s  ga s e s  s h al l  b e
d e d i c ate d  to  th o s e  g as e s .

7 . 1 . 6 *  G as - D e te c ti o n  S ys te m s .

7 . 1 . 6 . 1  G e n e ral .    A g as -d e te c ti o n  s ys te m  s h al l  b e  p r o vi d e d  fo r
h az ar d o u s  p r o d u c ti o n  m ate r i al  g as e s  wh e n  th e  p h ys i o l o g i c al
war n i n g p r o p e r ti e s  o f th e  ga s  a r e  a t a h i g h e r  l e ve l  th an  th e
ac c e p te d  p e r m i s s i b l e  e x p o s u r e  l i m i t ( P E L )  fo r  th e  g as ,  fo r
fammable  ga s e s ,  an d  fo r  p yr o p h o r i c  ga s e s .

7 . 1 . 6 . 2  Wh e re  Re q u i re d .

7 . 1 . 6 . 2 . 1  Fab ri c ati o n  Are as .    A g as -d e te c ti o n  s ys te m  s h al l  b e
p r o vi d e d  i n  fab r i c a ti o n  ar e a s  at l o c ati o n s  i n  th e  fab r i c a ti o n
ar e a wh e r e  h az ar d o u s  p r o d u c ti o n  m ate r i al  ga s  i s  u s e d  o r  s to r e d
an d  i s  l i ke l y to  b e  r e l e a s e d  i n to  th e  a tm o s p h e r e  fo l l o wi n g  a
c r e d i b l e  l e ak o f ga s  o r  c h e m i c al  vap o r s .

7 . 1 . 6 . 2 . 1 . 1    Wh e r e  H P M  i s  u s e d  o r  s to r e d  s o l e l y wi th i n  an
e x h a u s te d  e n c l o s u r e ,  s u c h  as  wi th i n  a p r o d u c ti o n  to o l ,  specif‐
cally d e s i g n e d  to  c o n ta i n  a c r e d i b l e  l e ak o f ga s  o r  c h e m i c al

vap o r s ,  th e  ga s  l e a k d e te c ti o n  s h a l l  o n l y b e  i n s tal l e d  wi th i n  th e
e x h a u s t o u tl e t o f th e  e x h au s te d  e n c l o s u r e .

7 . 1 . 6 . 2 . 2  H az ard o u s  C h e m i c al  Ro o m s .    A g as -d e te c ti o n  s ys te m
s h a l l  b e  p r o vi d e d  i n  h az ar d o u s  c h e m i c a l  s to r a ge  an d  d i s p e n s ‐
i n g  r o o m s  wh e n  h a z a r d o u s  p r o d u c ti o n  m ate r i a l  g as  i s  i n  u s e  i n

th e  r o o m  a n d  i s  l i ke l y to  b e  r e l e as e d  i n to  th e  atm o s p h e r e
fo l l o wi n g  a c r e d i b l e  l e ak o f ga s  o r  vap o r s .

7 . 1 . 6 . 2 . 2 . 1    Wh e r e  H P M  i s  u s e d  o r  s to r e d  s o l e l y wi th i n  an
e x h a u s te d  e n c l o s u r e  specifcally d e s i g n e d  to  c o n ta i n  a  c r e d i b l e
l e ak o f ga s  o r  c h e m i c al  vap o r s ,  th e  g as  l e ak d e te c ti o n  s ys te m

s h a l l  o n l y b e  i n s tal l e d  wi th i n  th e  e x h a u s t o u tl e t o f th e  e x h au s ‐
te d  e n c l o s u r e .

7 . 1 . 6 . 2 . 2 . 2    Wh e r e  g as  m o n i to r i n g i s  p r o vi d e d  i n  i n d i vi d u a l  ga s
c a b i n e ts ,  val ve  m an i fo l d  b o x e s  ( VM B s ) ,  an d  to o l  ga s  b o x
e x h a u s t d u c ts ,  s ta c k m o n i to r i n g s h al l  n o t b e  r e q u i r e d .

7 . 1 . 6 . 2 . 3  E x i t Ac c e s s  C o r ri d o rs .

7 . 1 . 6 . 2 . 3 . 1    Wh e n  ga s e s  ar e  tr an s p o r te d  i n  p i p i n g  p l ac e d
wi th i n  an  e x i t ac c e s s  c o r r i d o r  o r  i n  p r o x i m i ty to  th e  c o r r i d o r  i n

s u c h  a way as  to  p o s e  a th r e a t to  o c c u p an ts ,  s h o u l d  a  l e a k o c c u r,
ga s  d e te c ti o n  s h al l  b e  p r o vi d e d  to  war n  o c c u p an ts  a n d  s i g n al
an  e m e r ge n c y r e s p o n s e .

7 . 1 . 6 . 2 . 3 . 2    A ga s - d e te c ti o n  s ys te m  s h al l  n o t b e  r e q u i r e d  fo r
o c c as i o n a l  tr an s ve r s e  c r o s s i n g s  o f th e  c o r r i d o r s  b y s u p p l y

p i p i n g  th at i s  e n c l o s e d  i n  a fe r r o u s  p i p e  o r  tu b e  fo r  th e  wi d th
o f th e  c o r r i d o r.

7 . 1 . 6 . 3  G as - D e te c ti o n  S ys te m  D e s i gn  an d  O p e rati o n .

7 . 1 . 6 . 3 . 1    T h e  g as  d e te c ti o n  s ys te m  d e s i gn  s h a l l  s p e c i fy th e
o b j e c ti ve s  o f th e  ga s  d e te c ti o n  s ys te m ,  wh i c h  s h a l l  i n c l u d e  th e
fo l l o wi n g  as  a m i n i m u m :

( 1 ) To  p r o vi d e  e ar l y wa r n i n g  o f a  c r e d i b l e  ga s  l e ak at th e
o p e r ati n g  p r e s s u r e  o f th e  s ys te m  u n d e r  a s i n gl e  p o i n t fa i l ‐

u r e .
( 2 ) To  l i m i t th e  r e l e a s e  o f g as  o r  c h e m i c al  vap o r s  th r o u gh

a p p r o p r i a te  i n te r l o c ks ,  i n c l u d i n g  b u t n o t l i m i te d  to  th o s e
specifed  i n  7 . 1 . 6 . 2 . 3 . 1 .

( 3 ) T h e  c au s e  a n d  e ffe c t o f th e  g as  d e te c ti o n  i n te r l o c ks  s h a l l
b e  d o c u m e n te d  i n  a n  i n te r l o c k m a tr i x  d u r i n g  d e s i gn  an d
u s e d  i n  i n s tal l a ti o n  an d  c o m m i s s i o n i n g  an d  th e n  m ai n ‐

tai n e d  u p -to -d a te  fo r  u s e  i n  s u b s e q u e n t i n s p e c ti o n  s e r vi c e
a n d  m ai n te n a n c e .

( 4 ) To  p r o vi d e  c o n ti n u o u s  m o n i to r i n g  o f g as  l e aks  d u r i n g
n o r m a l  o p e r ati o n  an d  fo l l o wi n g  a l o s s  o f p o we r.

( 5 ) T h e  ga s  d e te c ti o n  s ys te m  s h al l  b e  s u p p l i e d  wi th  a  r e l i ab l e
s u p p l y o f p o we r  to  e n s u r e  th at i t c an  c o n ti n u e  to  m o n i to r

fo r  g as  l e a ks  fo r  2 4  h o u r s  p l u s  a fu r th e r  5  m i n u te s  i n
a l a r m  m o d e ,  e i th e r  th r o u g h  th e  u s e  o f a b atte r y b ac k- u p

o r  c o n n e c ti o n  to  a  r e l i a b l e  e m e r ge n c y p o we r  s u p p l y.
( 6 ) To  s p e c i fy th e  th r e s h o l d s  fo r  d e te c ti o n  a n d  a l ar m  fo r

e ac h  ga s  s p e c i e s  to  b e  d e te c te d .
( 7 ) T h e  ga s  d e te c ti o n  s ys te m  s h al l  b e  s e r vi c e d  b y a c o m p e te n t

p e r s o n  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 ,  i n c l u d i n g  c al i b r ati o n ,  te s ti n g,  a n d  s e r vi c i n g  o f th e
d e te c ti o n  e q u i p m e n t.

7 . 1 . 6 . 3 . 2  M o n i to ri n g an d  S h u to ff o f G as  S u p p l y.    Ga s -
m o n i to r i n g  e q u i p m e n t,  wh e n  r e q u i r e d  b y th i s  s ta n d a r d  to  war n
o f th e  p r e s e n c e  o f l e a ke d  g as ,  s h al l  b e  a r r an g e d  to  d e te c t an d

al a r m  a t o r  b e l o w th e  fo l l o wi n g g as  c o n c e n tr ati o n s :
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( 1 ) I m m e d i ate l y d a n ge r o u s  to  l i fe  o r  h e a l th  ( I D L H )  val u e s
wh e n  th e  m o n i to r i n g  p o i n t i s  wi th i n  an  e x h au s te d  e n c l o ‐
s u r e

( 2 ) P E L  l e ve l s  wh e n  th e  m o n i to r i n g p o i n t i s  i n  an  ar e a
o u ts i d e  an  e x h au s te d  e n c l o s u r e

( 3 ) Twenty-fve  p e r c e n t o f L F L  wh e n  th e  m o n i to r i n g p o i n t i s
wi th i n  o r  o u ts i d e  an  e x h au s te d  e n c l o s u r e

7 . 1 . 6 . 3 . 2 . 1    Ga s - m o n i to r i n g  s ys te m s  s h al l  au to m ati c al l y c l o s e
th e  n e ar e s t u p s tr e am  i s o l a ti o n  val ve  u p o n  d e te c ti o n  a t th e
th r e s h o l d s  specifed  i n  7 . 1 . 6 . 3 . 2 :

( 1 ) At l o c al  ga s  b o x e s  n e a r  th e  to o l  o r  i n  th e  to o l  ga s  j u n gl e ,
o r

( 2 ) At VM B s ,  s h u t d o wn  i n d i vi d u al  s ti c ks ,  o r
( 3 ) At th e  g as  s o u r c e ,  o r
( 4 ) At th e  b u l k s o u r c e .

7 . 1 . 6 . 3 . 2 . 2    S h u to ff o f fammable  g as  s ys te m s  s h al l  b e  i n i ti ate d
at a  m a x i m u m  o f 5 0  p e r c e n t o f L F L .

7 . 1 . 7  Fi re  P ro te c ti o n .    Au to m a ti c  fxed  fre  p r o te c ti o n  a n d  fre
d e te c ti o n  s ys te m s  fo r  h a z a r d o u s  ga s e s  s h a l l  b e  i n  a c c o r d a n c e
wi th  C h ap te r  1 1 .

7 . 1 . 8  I n d o o r G as  C ab i n e ts .

7 . 1 . 8 . 1 *    H P M  g as e s  i n  c yl i n d e r s  u s e d  i n d o o r s ,  i n c l u d i n g  ga s
ro o m s ,  s h a l l  b e  c o n ta i n e d  i n  c ab i n e ts  p r o vi d e d  wi th  e x h a u s t
ve n ti l a ti o n  i n  ac c o r d a n c e  wi th  N F PA 1 ,  fo r  s i l a n e  a n d  s i l an e
m i x e s .  (See Section 7. 6. )

7 . 1 . 8 . 1 . 1    Wh e r e  n o n b u l k i n d o o r  s i l a n e  c yl i n d e r s  ar e  l o c ate d
i n  r o o m s  m e e ti n g th e  c o n s tr u c ti o n ,  ve n ti l a ti o n ,  an d  s afe gu ar d
re q u i r e m e n ts  wi th i n  AN S I / C GA G-1 3 ,  Storage and Handling of
Silane and Silane Mixtures,  to  m i n i m i z e  th e  e ffe c ts  o f d e to n a ti o n ,
gas  c ab i n e ts  s h a l l  n o t b e  r e q u i r e d .

7 . 1 . 8 . 2 *    C ab i n e ts  s h al l  b e  p r o vi d e d  wi th  g as  d e te c ti o n  an d
au to m a ti c  s h u td o wn  o f th e  g as  s u p p l y.

7 . 1 . 8 . 3    E x h a u s t ve n ti l a ti o n  s h al l  b e  c o n ti n u o u s .

7 . 2  C o r ro s i ve  G as e s .    T h e  s to r a ge ,  u s e ,  an d  h a n d l i n g o f c o r r o ‐
s i ve  g as e s  s h a l l  b e  i n  a c c o r d a n c e  wi th  S e c ti o n  7 . 5  o f N F PA 5 5 .

7 . 3  Fl am m ab l e  G as e s .    T h e  s to r ag e ,  u s e ,  a n d  h a n d l i n g o f fam‐
mable  ga s e s  s h al l  b e  i n  a c c o r d an c e  wi th  S e c ti o n  7 . 6  o f
N F PA 5 5 .

7 . 4  O x i d i z i n g G as e s .    T h e  s to r a ge ,  u s e ,  an d  h an d l i n g  o f
o x i d i z i n g  g as e s  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  7 . 7  o f
N F PA 5 5 .

7 . 5  P yro p h o ri c  G as e s .    T h e  s to r ag e ,  u s e ,  a n d  h an d l i n g  o f p yr o ‐
p h o r i c  ga s e s  s h al l  b e  i n  a c c o r d an c e  wi th  S e c ti o n  7 . 8  o f
N F PA 5 5 .

7 . 5 . 1 *  C yl i n d e rs .    C yl i n d e r s  an d  b u l k s o u r c e s  c o n tai n i n g  p yr o ‐
p h o r i c  g as e s  s h al l  b e  e q u i p p e d  wi th  n o r m al l y c l o s e d  a u to m a ti c
s h u to ff val ve s  th a t i n c o r p o r a te  r e s tr i c te d  fow orifces  ( RF O s ) .

7 . 5 . 1 . 1    I n fo r m ati o n  o n  th e  d ate  o f m a n u fac tu r e ,  m a te r i al  o f
c o n s tr u c ti o n ,  a n d  orifce  fow c u r ve  s h a l l  b e  avai l ab l e  an d
p r o vi d e d  u p o n  r e q u e s t fo r  th e  r e s tr i c te d  fow orifces.

7 . 6 *  S i l an e  S ys te m s .    S i l an e  a n d  s i l an e  m i x tu r e s  s h a l l  b e
s to r e d ,  u s e d ,  a n d  h an d l 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
AN S I / C GA G-1 3 ,  Storage and Handling of Silane and Silane
Mixtures.  [ 5 5 : 7 . 8 . 2 ]

7 . 6 . 1 *    A n o r m al l y c l o s e d  au to m ati c  s h u to ff val ve  s h al l  b e
i n s ta l l e d  o n  al l  s i l an e  an d  s i l an e  m i x tu r e  c yl i n d e r s  an d  b u l k

s o u r c e s .

7 . 6 . 2 *    D i s p e n s i n g s ys te m s  fo r  s i l an e  an d  s i l an e  m i x e s  s h a l l
e m p l o y a u to m a te d  p u r g e  p a n e l s .

7 . 6 . 3    M a s s  fow c o n tr o l l e r  b yp as s  val ve s  s h a l l  b e  d e s i gn e d  to
p r e ve n t e x c e s s  fow o f s i l an e  an d  to  p r e ve n t th e i r  b e i n g  l e ft i n

th e  o p e n  p o s i ti o n .

7 . 6 . 4    O p ti c al  fame  d e te c ti o n  o r  h i g h -s e n s i ti vi ty s m o ke  d e te c ‐
ti o n  fo r  s i l an e  d e l i ve r y s ys te m s  s h a l l  b e  p r o vi d e d  as  d e s c r i b e d  i n
1 1 . 2 . 5 . 1 .

7 . 7  To x i c  an d  H i gh l y To x i c  G as e s .    T h e  s to r ag e ,  u s e ,  an d
h a n d l i n g  o f to x i c  an d  h i g h l y to x i c  g as e s  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  7 . 9  o f N F PA 5 5 .

7 . 7 . 1    C yl i n d e r s  an d  b u l k s o u r c e s  c o n tai n i n g  p yr o p h o r i c  ga s e s
s h a l l  b e  e q u i p p e d  wi th  n o r m a l l y c l o s e d  au to m ati c  s h u to ff va l ve s

th a t i n c o r p o r a te  r e s tr i c te d  fow orifces  ( RF O s ) .

7 . 7 . 1 . 1    T h e  s i z e  o f RF O  s h al l  b e  c al c u l ate d  b as e d  o n  th e
c a p a c i ty o f th e  a b ate m e n t d e vi c e .

7 . 8  U n s tab l e  Re ac ti ve  G as e s .    T h e  s to r ag e ,  u s e ,  a n d  h a n d l i n g
o f u n s tab l e  r e ac ti ve  ga s e s  s h al l  b e  i n  ac c o r d an c e  wi th

S e c ti o n  7 . 1 0  o f N F PA 5 5 .

7 . 9  C r yo ge n i c  Fl u i d s .    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g  o f c r yo ‐
g e n i c  fuids  s h a l l  b e  i n  ac c o r d a n c e  wi th  C h ap te r  8  o f N F PA 5 5 .

7 . 1 0  B u l k O x yge n  S ys te m s .    T h e  s to r a ge ,  u s e ,  a n d  h an d l i n g o f
b u l k o x yg e n  s ys te m s  s h al l  b e  i n  a c c o r d a n c e  wi th  C h ap te r  9  o f
N F PA 5 5 .

7 . 1 1  G as e o u s  H yd ro ge n  S ys te m s .    T h e  s to r ag e ,  u s e ,  an d
h a n d l i n g  o f g as e o u s  h yd r o g e n  s ys te m s  s h a l l  b e  i n  ac c o r d a n c e

wi th  C h ap te r  1 0  o f N F PA 5 5 .

7 . 1 2  Liquefed  H yd ro ge n  S ys te m s .    T h e  s to r a ge ,  u s e ,  an d
h an d l i n g  o f liquefed  h yd r o ge n  s ys te m s  s h a l l  b e  i n  a c c o r d a n c e

wi th  C h ap te r  1 1  o f N F PA 5 5 .

7 . 1 3  G as  G e n e rati o n  S ys te m s .    T h e  s to r ag e ,  u s e ,  a n d  h a n d l i n g
o f ga s  ge n e r a ti o n  s ys te m s  s h a l l  b e  i n  ac c o r d an c e  wi th  C h a p ‐
te r  1 2  o f N F PA 5 5 .

7 . 1 3 . 1  Fl u o ri n e  G as  G e n e rato rs .  ( Re s e r ve d )

7 . 1 3 . 2  O z o n e  G as  G e n e rato rs .  ( Re s e r ve d )

7 . 1 4  D o p an t G as  S o u rc e s .

7 . 1 4 . 1    D o p an t ga s  c yl i n d e r s  s h al l  b e  i n  g as  c a b i n e ts ,  o r  e x h au s ‐
te d  e n c l o s u r e s  wi th  g as  d e te c ti o n  an d  a u to m a ti c  s h u td o wn  o f

th e  g as  s u p p l y.

7 . 1 4 . 2 *  S ub atm o s p h e ri c  G as  S o u rc e s  ( S AG S ) .    Al l  ( b o th  Typ e
1  a n d  Typ e  2 )  S AGS  s h a l l  m e e t a l l  r e q u i r e m e n ts  fo r  g as e s

fo u n d  i n  th i s  s ta n d ar d ,  e x c e p t as  p r o vi d e d  fo r  i n  7 . 1 4 . 2 . 1
th r o u g h  7 . 1 4 . 2 . 6 .

7 . 1 4 . 2 . 1 *    S AGS  c yl i n d e r s  wi th  i n c o m p ati b l e  g as e s  s h al l  b e
p e r m i tte d  to  o c c u p y th e  s am e  ga s  c ar t,  ga s  c ab i n e t,  o r  e x h au s ‐

te d  e n c l o s u r e .

7 . 1 4 . 2 . 2 *    Ve n ti l ati o n  i n  th e  e n c l o s u r e  o r  g as  c ab i n e ts  s h al l  b e
suffcient to  m ai n tai n  vap o r s  b e l o w 2 5  p e r c e n t o f L F L  an d

b e l o w I D L H .
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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

7 . 1 4 . 2 . 3    P u r g e  g as  s u p p l y,  r e fe r e n c e d  i n  7 . 1 . 4 . 7 ,  s h a l l  b e
p e r m i tte d  fr o m  a h o u s e  s ys te m .

7 . 1 4 . 2 . 4    S h a r e d  p u r ge  p an e l s  fo r  i n c o m p ati b l e  g as e s  s h al l  b e
p e r m i tte d  fo r  S AGS  s o u r c e s .

7 . 1 4 . 2 . 5 *    T h e  r e q u i r e m e n ts  fo r  au to m ati c  s h u to ff va l ve s
u n d e r  7 . 5 . 1  s h a l l  n o t b e  r e q u i r e d  fo r  S AGS  c o n tai n i n g  p yr o ‐
p h o r i c  ga s e s .

7 . 1 4 . 2 . 6 *    T h e  r e q u i r e m e n ts  fo r  an  RF O  s h a l l  n o t ap p l y to
S AG S  Typ e  1  c yl i n d e r s  c o n tai n i n g h a z a r d o u s  p r o d u c ti o n  m a te ‐
ri al  g as e s .

C h ap te r 8    P ro d uc ti o n  an d  S u p p o r t E q u i p m e n t

8 . 1  G e n e ral .

Δ 8 . 1 . 1    P r o d u c ti o n  an d  s u p p o r t e q u i p m e n t s h a l l  b e  d e s i gn e d
an d  i n s tal l e d  i n  a c c o r d a n c e  wi th  S e c ti o n s  8 . 3  th r o u gh  8 . 4 .  (See
Annex C. )

8 . 1 . 2    Ve s s e l s  c o n tai n i n g  h az ar d o u s  c h e m i c al s  l o c ate d  i n  o r
c o n n e c te d  to  a wo r ks tati o n  s h a l l  b e  p r o te c te d  fr o m  p h ys i c al
d am a ge .

8 . 1 . 3    C h e m i c al s  o r  ga s  ve s s e l s  s h a l l  b e  p r o te c te d  fr o m  s e i s m i c
fo r c e s .

8 . 1 . 4    Wo r ks tati o n s  c o n ta i n i n g  h az ar d o u s  m ate r i a l s  s h al l  b e
p r o vi d e d  wi th  h o r i z o n tal  c l e ar a n c e s  o f n o t l e s s  th a n  0 . 9 1 4  m
( 3  ft)  wh e r e  s e r vi c i n g i s  r e q u i r e d ,  s u c h  as  c yl i n d e r  c h an g e s  o r
h an d  p o u r i n g  o f c h e m i c al s .

8 . 1 . 5    To o l s  s h al l  b e  d e s i gn e d  to  c o n ta i n  a r e l e a s e  o f H P M
l i q u i d s  as  fo l l o ws :

( 1 ) T h e  c o n ta i n m e n t s ys te m  s h al l  h ave  th e  c ap ac i ty to
c o n tai n  1 1 0  p e r c e n t vo l u m e  o f th e  l ar g e s t c o n tai n e r  o r

an ti c i p a te d  l e a k o r  s p i l l ,  wh i c h e ve r  i s  g r e ate r.
( 2 ) T h e  c o n tai n m e n t s ys te m  s h al l  p r o vi d e  l e ak d e te c ti o n

ar r an g e d  to  a l a r m  a t a c o n s ta n tl y atte n d e d  l o c a ti o n .

8 . 2  M ate ri al s  o f C o n s tr u c ti o n .

8 . 2 . 1    To o l s  s h a l l  b e  c o n s tr u c te d  o f n o n c o m b u s ti b l e  m ate r i a l s ,
e x c e p t as  p e r m i tte d  b y 8 . 2 . 1 . 1  o r  8 . 2 . 1 . 2 .

8 . 2 . 1 . 1    S m al l  p ar ts  wi th i n  th e  to o l  s u c h  a s  kn o b s ,  b u tto n s ,
e l e c tr i c al  c o n ta c ts ,  a n d  te r m i n al  s tr i p s  s h al l  n o t b e  r e q u i r e d  to
b e  o f n o n c o m b u s ti b l e  m a te r i al s .

Δ 8 . 2 . 1 . 2 *    M a te r i al s  l i s te d  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
c o n tai n e d  i n  AN S I / F M  4 9 1 0 ,  Standard for Cleanroom Materials
Flammability Test Protocol,  o r  wi th  th e  r e q u i r e m e n ts  c o n tai n e d  i n
U L  2 3 6 0 ,  Test Method for Determining the Combustibility Characteris‐
tics of Plastics Used in Semiconductor Tool Construction,  fo r  u s e  wi th ‐
o u t i n te r n al  fre  d e te c ti o n  a n d  s u p p r e s s i o n  s h al l  b e  p e r m i tte d
to  b e  u s e d  as  an  a c c e p ta b l e  a l te r n ati ve  to  n o n c o m b u s ti b l e
m a te r i al s  o n l y wh e r e  p r o c e s s  c o n c e r n s  o r  p r o c e s s  c h e m i c al s
r e q u i r e  al te r n a ti ve s .

8 . 2 . 2    To o l s  n o t m e e ti n g th e  r e q u i r e m e n ts  o f 8 . 2 . 1  s h a l l  b e
p r o vi d e d  wi th  i n te r n a l  to o l  fre  d e te c ti o n  a n d  s u p p r e s s i o n  (fre
s p r i n kl e r s ,  ap p r o ve d  g as e o u s  a ge n t fre  s u p p r e s s i o n  s ys te m s ,  o r
wate r m i s t)  u n l e s s  a  r i s k as s e s s m e n t ap p r o ve 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  c o n c l u d e s  o th e r wi s e .  T h e  r i s k as s e s s m e n t
s h a l l  i n c l u d e  e val u ati o n  o f a p p r o ve d  e n g i n e e r i n g c o n tr o l s
d e s i g n e d  to  p r e ve n t o r  l i m i t fre  d a m a ge  a n d  fre  d e te c ti o n  an d
s u p p r e s s i o n  o p ti o n s .

8 . 3 *  E q u i p m e n t S afe ty S ys te m s  an d  I n te rl o c ks .

8 . 3 . 1 *    I n te r l o c ks  th a t au to m ati c a l l y b r i n g  th e  to o l  to  s ta n d b y
m o d e  s h a l l  b e  i n te r fac e d  wi th  th e  to o l ' s  o p e r ati n g  s ys te m .

8 . 3 . 2    A l o c al  vi s u al  an d  au d i b l e  a l a r m  s h a l l  b e  p r o vi d e d  to
i n d i c ate  a c ti va ti o n  o f a n y i n te r l o c k.

8 . 3 . 2 . 1    P an e l  i n te r l o c ks  s h al l  n o t r e q u i r e  a  l o c al  vi s u al  an d
au d i b l e  a l ar m .

8 . 3 . 3    E ac h  i n te r l o c k a n d  i ts  o p e r ati o n  s h al l  b e  d e s c r i b e d  i n
b o th  th e  o p e r ati o n s  m an u a l  an d  th e  m ai n te n an c e  m an u al  fo r

th e  to o l .

8 . 3 . 4    To o l s  u ti l i z i n g h az ar d o u s  c h e m i c al s  s h al l  b e  d e s i g n e d  to
a c c e p t i n p u ts  fr o m  m o n i to r i n g  e q u i p m e n t.

8 . 3 . 4 . 1    An  a l ar m  s i gn a l  fr o m  th e  m o n i to r i n g  e q u i p m e n t s h a l l
a u to m a ti c al l y s to p  th e  fow o f h az ar d o u s  c h e m i c al s  to  th e  to o l .

8 . 3 . 5    I n te r l o c ks  s h al l  b e  d e s i g n e d  to  r e q u i r e  m a n u a l  r e s e t an d
to  p e r m i t r e s tar t o n l y a fte r  fa u l t c o r r e c ti o n .

8 . 4  E l e c tri c al  D e s i gn .

8 . 4 . 1    T h e  to o l  o r  a s s o c i a te d  e q u i p m e n t s h al l  b e  ap p r o ve d  as  a
c o m p l e te  s ys te m .

8 . 4 . 1 . 1    P r o c e s s  to o l s  a n d  a s s o c i a te d  e q u i p m e n t s h al l  m e e t th e
r e q u i r e m e n ts  o f S e c ti o n  9 0 . 7  o f NFPA 70.

8 . 4 . 1 . 2    E l e c tr i c al  c o m p o n e n ts  an d  wi r i n g s h a l l  b e  i n  a c c o r d ‐
a n c e  wi th  NFPA 70 a n d  N F PA 7 9 .

8 . 4 . 1 . 3    Al l  e l e c tr i c al  c o m p o n e n ts  an d  wi r i n g s h al l  b e  l i s te d .

8 . 4 . 1 . 4    Wh e r e  th e  a i r  s p a c e  b e l o w a  r ai s e d  foor  o r  a b o ve  a
s u s p e n d e d  c e i l i n g  i s  u s e d  to  r e c i r c u l ate  c l e an r o o m  e n vi r o n ‐

m e n tal  ai r,  p l e n u m -r ate d  c ab l e  s h a l l  n o t b e  r e q u i r e d .

8 . 4 . 2    E l e c tr i c al  e q u i p m e n t a n d  d e vi c e s  wi th i n  1 . 5  m  ( 5  ft)  o f
wo r ks tati o n s  i n  wh i c h  fammable  l i q u i d s  o r  g as e s  ar e  u s e d  s h a l l
c o m p l y wi th  th e  r e q u i r e m e n ts  o f NFPA 70,  fo r  C l as s  I ,  D i vi s i o n

2  l o c ati o n s .

8 . 4 . 2 . 1    T h e  r e q u i r e m e n ts  fo r  C l a s s  I ,  D i vi s i o n  2  l o c a ti o n s  s h a l l
n o t a p p l y wh e n  th e  a i r  r e m o va l  fr o m  th e  wo r ks tati o n  o r  d i l u ‐

ti o n  wi l l  e n s u r e  nonfammable  a tm o s p h e r e s  o n  a  c o n ti n u o u s
b a s i s .

8 . 4 . 3    Wo r ks tati o n s  wh e r e  fammable  c h e m i c al s  a r e  u s e d  s h a l l
b e  p r o vi d e d  wi th  i n te r l o c ks  to  p r e ve n t th e  wo r ks ta ti o n s  fr o m

b e i n g e n e r g i z e d  wi th o u t ad e q u ate  ve n ti l a ti o n .

8 . 4 . 3 . 1    Wo r ks tati o n s  c o n s i s ti n g o f n o  m o r e  th an  a s i n k wi th
d r ai n  an d  e x h au s t s h al l  h ave  th e  e x h au s t m o n i to r e d  an d  b e

p r o vi d e d  wi th  a n  al a r m  i n  ac c o r d an c e  wi th  8 . 3 . 2 .

8 . 5  P ro c e s s  L i q u i d  H e ati n g E q ui p m e n t.

8 . 5 . 1 *    Al l  p r o c e s s  l i q u i d  h e a ti n g s ys te m 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  p r o p o s e d  u s e  an d  a r i s k a s s e s s m e n t s h a l l  b e
p e r fo r m e d  to  e n s u r e  th a t s a fe ty fe a tu r e s  h ave  b e e n  i n c o r p o r a‐

te d  i n to  th e  d e s i gn .

8 . 5 . 2    E l e c tr i c al l y h e ate d  p r o c e s s  l i q u i d  h e ati n g  s ys te m s
( P L H S )  s h al l  h a ve  th e  s afe gu ar d s  i n  8 . 5 . 3  th r o u g h  8 . 5 . 5 . 9

wh e r e  ap p l i c a b l e .

8 . 5 . 3    T h e  e l e c tr i c a l  s u p p l y s h al l  i n c l u d e  a  g r o u n d -fau l t i n te r ‐
r u p t c i r c u i t b r e a ke r  wi th  a p p r o p r i a te l y s i z e d  o ve r c u r r e n t
p r o te c ti o n .
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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 .

8 . 5 . 4    An  a u to m a ti c  te m p e r atu r e  p r o c e s s  c o n tr o l  s ys te m  s h a l l
b e  i n c l u d e d .

8 . 5 . 5    A p o we r  i n te r r u p t c i r c u i t wi th  m an u al  r e s e t th at r e m o ve s
al l  p o we r  to  th e  h e ati n g  e l e m e n ts  wh e n  ac ti vate d  s h al l  b e  i n c l u ‐
d e d  to  l i m i t th e  e ffe c ts  o f th e  c o n d i ti o n s  d e s c r i b e d  i n  8 . 5 . 5 . 1  to
8 . 5 . 5 . 9  wh e r e  r i s k a s s e s s m e n t d e te r m i n e s  th at th e  c o n d i ti o n s
c a n  r e s u l t i n  u n ac c e p tab l e  d am ag e  to  e q u i p m e n t an d / o r  an
u n ac c e p tab l e  r i s k o f i n j u r y to  p e r s o n n e l .

8 . 5 . 5 . 1 *  L i q ui d  O ve r te m p e ratu re  P ro te c ti o n .    P r o c e s s  l i q u i d
o ve r te m p e r atu r e  p r o te c ti o n  s h a l l  b e  p r o vi d e d  an d  s e t at a
te m p e r a tu r e  th a t p r e ve n ts  th e  h az ar d o u s  d e gr a d a ti o n  o f th e
p r o c e s s  l i q u i d .

8 . 5 . 5 . 2 *    T h e  i n te r l o c k s h al l  p r e ve n t p r o c e s s  l i q u i d s  fr o m
re a c h i n g  a p o i n t wh e r e  th e  p r o p e r ti e s  o f th e  l i q u i d  c r e ate  a
p o te n ti a l l y d a n ge r o u s  s i tu a ti o n  ( e . g . ,  b o i l i n g ,  a u to i g n i ti o n ,
fammable  d e gr a d a ti o n  te m p e r atu r e s ,  o r  e x p a n s i o n  vo l u m e ) .

8 . 5 . 5 . 2 . 1    T h e  l i q u i d  o ve r te m p e r a tu r e  s e tp o i n t s h a l l  b e  d e te r ‐
m i n e d  b as e d  o n  b o th  th e  c h e m i c al s  b e i n g  h e ate d  a n d  th e
p r o p e r ti e s  o f th e  m ate r i a l s  o f c o n s tr u c ti o n  i n  c o n tac t wi th  th e
l i q u i d  a n d  s h a l l  b e  s e t as  h i gh  a s  i s  c o n s i s te n t wi th  s afe ty c o n s i d ‐
e r a ti o n s ,  wi th  r e fe r e n c e  to  Tab l e  8 . 5 . 5 . 3 .

8 . 5 . 5 . 3    L i q u i d  o ve r te m p e r a tu r e  p r o te c ti o n  s h al l  b e  p r o vi d e d
to  p r e ve n t p r o c e s s  l i q u i d s  fr o m  r e ac h i n g  a p o i n t wh e r e  th e
p r o p e r ti e s  o f th e  l i q u i d  c r e ate  a p o te n ti al l y d a n ge r o u s  s i tu a ti o n
as  s h o wn  i n  Tab l e  8 . 5 . 5 . 3 .

8 . 5 . 5 . 4 *    H e a te r  o ve r te m p e r a tu r e  p r o te c ti o n  s h al l  b e  p r o vi d e d
th a t p r e ve n ts  d e gr a d ati o n  o f th e  s tr u c tu r al  i n te gr i ty o f th e
h e a te r  o r  i ts  s u r r o u n d i n g m ate r i a l s .

8 . 5 . 5 . 5  H e at E x c h an ge r O ve r te m p e rature .    Wh e r e  a h e at
e x c h an g e r  an d  h e at tr an s fe r  fuid  a r e  e m p l o ye d ,  s e n s o r s  s h a l l
b e  l o c a te d  wh e r e  r e q u i r e d  a n d  s e t at a te m p e r a tu r e  th a t
p r e ve n ts  d e gr a d ati o n  o f th e  s tr u c tu r al  i n te gr i ty o f th e  h e at
e x c h an g e r,  th e  ve s s e l  c o n tai n i n g  th e  p r o c e s s  l i q u i d ,  o r  th e i r
s u r r o u n d i n g m a te r i al s  at an y p r o c e s s  l i q u i d  l e ve l ,  i n c l u d i n g th e
ab s e n c e  o f l i q u i d .  T h i s  i n te r l o c k s h al l  p e r fo r m  i ts  i n te n d e d
fu n c ti o n  u p  to  th e  m ax i m u m  h e ate d  te m p e r a tu r e  o f th e  tr an s ‐
fe r  fuid,  ta ki n g i n to  a c c o u n t th e  p o we r  o f th e  h e a te r  an d  a n y
i n te r l o c ks  i n c o r p o r a te d  i n  th e  h e ate d  l i q u i d  h e at e x c h an g e
s ys te m .

8 . 5 . 5 . 6  L o w L i q u i d  L e ve l .    A s e n s o r  s h al l  b e  l o c a te d  s u c h  th at
th e  i n te r l o c k s h a l l  p r o te c t a ga i n s t l o s s  o f h e at a b s o r p ti o n
c a p ac i ty o f th e  l i q u i d  b e i n g  h e ate d  an d  e n s u r e  th a t l i q u i d
r e m a i n s  p r e s e n t to  ab s o r b  r e s i d u al  h e at e n e r gy to  as s u r e  th at a
h a z a r d o u s  te m p e r a tu r e  i s  n o t r e ac h e d  wh e n  th e  p r o c e s s  l i q u i d
i s  a t th e  s e tp o i n t o f th e  l i q u i d  o ve r te m p e r a tu r e  i n te r l o c k.

Δ Tab l e  8 . 5 . 5 . 3  M ax i m u m  O ve r te m p e ratu re  S e tp o i n t

L i q ui d  P ro p e r ty M ax i m u m  O ve r te m p e ratu re  S e tp o i n t

N o n c o m b u s ti b l e B o i l i n g p o i n t ( b p )

C o m b u s ti b l e L e s s e r  o f b o i l i n g p o i n t ( b p )  o r  au to  
i g n i ti o n  te m p e r a tu r e  ( AI T )  l e s s  5 0 ˚ C  
( 1 2 2 ˚ F )

F l a m m a b l e F l a s h p o i n t ( fp )  l e s s  1 0 ˚ C  ( 5 0 ˚ F )

8 . 5 . 5 . 7  L i q u i d  Fl o w.    I n  a fow-dependent s ys te m ,  a  s e n s o r  to
m o n i to r  fo r  l i q u i d  fow s h a l l  b e  i n s ta l l e d  th a t a l l o ws  fo r  th e

P L H S  to  b e  e n e r g i z e d  o n l y wh e n  a s afe  r a te  o f fow i s  p r e s e n t.

8 . 5 . 5 . 8  O ve rp re s s u re .    T h e  P L H S  s h a l l  b e  p r o vi d e d  wi th  a
m e a n s  o f p r e ve n ti n g th e  r u p tu r e  o f th e  ve s s e l  d u e  to  e x c e s s i ve

p r e s s u r e  o r  vap o r  g e n e r ati o n .

8 . 5 . 5 . 9    Wh e r e  p u r gi n g o r  i n e r ti n g i s  u s e d  to  c o n tr o l  a famma‐
ble  atm o s p h e r e  a s s o c i a te d  wi th  th e  o p e r a ti o n  o f th e  P L H S ,
i n te r l o c ks  to  a s s u r e  th a t p u r gi n g o r  i n e r ti n g i s  o p e r a ti o n al

p r i o r  to  p o we r  b e i n g  ap p l i e d  to  th e  h e ate r  s h a l l  b e  i n s tal l e d .

8 . 6  G e n e ral  Re q u i re m e n ts  fo r To o l s  U s i n g Fl am m ab l e  o r
C o m b u s ti b l e  L i q u i d s .

8 . 6 . 1    To o l s  s h al l  b e  c o n s tr u c te d  o f n o n c o m b u s ti b l e  m ate r i a l s .

8 . 6 . 2    M a te r i al s  l i s te d  i n  ac c o r d an c e  wi th  8 . 2 . 1 . 2  s h al l  b e  an
ac c e p tab l e  a l te r n ati ve  to  n o n c o m b u s ti b l e  m a te r i al s ,  wh e r e
p r o c e s s  c o n c e r n s  o r  p r o c e s s  c h e m i c al s  r e q u i r e  al te r n ati ve s .

8 . 6 . 3 *    To o l s  h a n d l i n g  fammable  o r  h e a te d  c o m b u s ti b l e
l i q u i d s  s h al l  b e  p r o vi d e d  wi th  i n te r n al  to o l  fre  d e te c ti o n  an d

s u p p r e s s i o n  (fre  s p r i n kl e r s ,  ap p r o ve d  g as e o u s  a ge n t fre
s u p p r e s s i o n  s ys te m s ,  o r  wate r m i s t)  u n l e s s  a  r i s k as s e s s m e n t
ap p r o ve 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  c o n c l u d e s  o th e r ‐

wi s e .  T h e  r i s k a s s e s s m e n t s h a l l  i n c l u d e  e val u ati o n  o f a p p r o ve d
e n gi n e e r i n g  c o n tr o l s  d e s i gn e d  to  p r e ve n t o r  l i m i t fre  d a m ag e
an d  fre  d e te c ti o n  a n d  s u p p r e s s i o n  o p ti o n s .

8 . 6 . 4    B u l k d e l i ve r y s ys te m s  s h al l  b e  a r r an g e d  i n  a c c o r d a n c e
wi th  6 . 2 . 1 0 . 1 .

8 . 7  P h o to l i th o grap h y To o l s .

8 . 7 . 1    N o n c o m b u s ti b l e  o r  ap p r o ve d  o r  l i s te d  a i r  h an d l i n g  d u c t‐
wo r k s h al l  b e  u s e d  wi th i n  p h o to l i th o g r ap h y e q u i p m e n t ai r

h a n d l i n g  s ys te m s .

8 . 7 . 2    Ap p r o ve d  o r  l i s te d  m ate r i al s  s h al l  b e  u s e d  to  i n s u l a te  th e
s te p p e r / s c an n e r  ai r  h a n d l i n g  d u c two r k wh e n  r e q u i r e d .

8 . 7 . 3    T h e  h an d l i n g o f H P M  l i q u i d s  a t th e  wa fe r  tr ac ks  s h a l l  b e
i n  ac c o r d an c e  wi th  N F PA 3 0 .

8 . 8  I o n  I m p l an te rs .

8 . 8 . 1    I o n  i m p l an te r s  s h a l l  b e  d i r e c tl y c o n n e c te d  to  fu m e  d u c t‐
wo r k th at i s  n o n c o m b u s ti b l e ,  ap p r o ve d ,  o r  l i s te d  fo r  u s e  wi th ‐

o u t s p r i n kl e r s .

8 . 8 . 2    S u b atm o s p h e r i c  ga s  s o u r c e  ( S AG S )  s h a l l  b e  e m p l o ye d
u n l e s s  th e  p r o c e s s  c o n s i d e r ati o n s  p r e ve n t i ts  u s e .

8 . 8 . 2 . 1    T h e  i n s ta l l ati o n  o f S AGS  s h a l l  b e  i n  ac c o r d a n c e  wi th
S e c ti o n  7 . 1 4 .

8 . 8 . 3    D r y- typ e  i s o l a ti o n  tr an s fo r m e r s  s h al l  b e  u s e d  i n  i o n
i m p l an te r s .

8 . 8 . 3 . 1    Wh e r e  oil-flled  i s o l ati o n  tr an s fo r m e r s  ar e  u s e d  th e y
s h a l l  b e  p r o te c te d  wi th  p r o te c ti ve  d e vi c e s  ( c i r c u i t b r e ake r s ,
fu s e s ,  e tc . )  i n  a c c o r d a n c e  wi th  NFPA 70.

8 . 9  We t P ro c e s s  an d  We t E tc h  To o l s .

8 . 9 . 1    M ate r i al s  s e l e c ti o n  s h al l  b e  i n  ac c o r d an c e  wi th
S e c ti o n  8 . 1 .

8 . 9 . 2    D u c t c o n n e c ti o n s  o f we t p r o c e s s  an d  we t e tc h  to o l s  s h a l l
b e  i n  a c c o r d an c e  wi th  C h ap te r  9 .
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8 . 9 . 3    P r o c e s s  l i q u i d  h e ati n g  s ys te m s  fo r  we t p r o c e s s  e q u i p ‐
m e n t s h al l  b e  p r o te c te d  i n  ac c o r d an c e  wi th  S e c ti o n  8 . 5 .

8 . 1 0  C VD  an d  Fu r n ac e  To o l s .

8 . 1 0 . 1    Effuent s h a l l  b e  e val u ate d  to  e n s u r e  th at r i s ks  o f fre,
e x p l o s i o n ,  a n d  r ap i d  c h e m i c a l  d e c o m p o s i ti o n  ar e  identifed.

8 . 1 0 . 1 . 1    Wh e r e  th e  r i s ks  o f 8 . 1 0 . 1  e x i s t th e y s h a l l  b e  m i ti g ate d
th r o u g h  e n gi n e e r i n g  d e s i g n ,  a n d / o r  th e  u s e  o f p o i n t-o f-u s e
effuent tr e a tm e n t s ys te m s .

8 . 1 0 . 1 . 2    P a r ag r ap h  8 . 1 0 . 1 . 1  s h al l  n o t b e  r e q u i r e d  wh e r e  th e
r i s ks  wi l l  n o t e x p o s e  p e r s o n al  a n d / o r  e q u i p m e n t to  h ar m .

8 . 1 0 . 2    F u r n a c e  q u a r tz wa r e  s h al l  b e  p r o vi d e d  wi th  s e i s m i c
r e s tr ai n t i n  ac c o r d an c e  wi th  m a n u fac tu r e r s ’  r e q u i r e m e n ts
wh e n  i n s ta l l e d  i n  h i g h -h az ar d  s e i s m i c  a r e as .

8 . 1 0 . 3    D u c t c o n n e c ti o n s  o f C VD  an d  fu r n ac e  to o l s  s h a l l  b e  i n
ac c o r d an c e  wi th  C h ap te r  9 .

8 . 1 1  Au to m ate d  M ate ri al s  H an d l i n g S ys te m s  ( AM H S ) .

8 . 1 1 . 1    C e i l i n g -m o u n te d  tr ac ks  s u p p o r ti n g AM H S  s h a l l  b e
i n s ta l l e d  to  avo i d  o b s tr u c ti o n  o f s p r i n kl e r  p r o te c ti o n .

8 . 1 1 . 2 *    S to c ke r s  c o n s tr u c te d  o f c o m b u s ti b l e  m ate r i a l s ,  o r
n o n c o m b u s ti b l e  s to c ke r s  u s e d  to  s to r e  m as ks ,  r e ti c l e s ,  wafe r s ,
o r  s u b s tr a te s  i n  c o m b u s ti b l e  c o n ta i n e r s  s h a l l  b e  p r o vi d e d  wi th
i n te r n al  to o l  fre  d e te c ti o n  a n d  s u p p r e s s i o n  (fre  s p r i n kl e r s ,
ap p r o ve d  g as e o u s  ag e n t fre  s u p p r e s s i o n  s ys te m s ,  o r  wate r m i s t)
u n l e s s  a  r i s k a s s e s s m e n t ap p r o ve 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  c o n c l u d e s  o th e r wi s e .  T h e  r i s k as s e s s m e n t s h al l  i n c l u d e
e val u a ti o n  o f ap p r o ve d  e n g i n e e r i n g  c o n tr o l s  d e s i gn e d  to
p r e ve n t o r  l i m i t fre  d am ag e  an d  fre  d e te c ti o n  an d  s u p p r e s s i o n
o p ti o n s .

8 . 1 1 . 2 . 1    Wh e r e  fr o n t o p e n i n g  unifed  p o d s  ( F O U P s )  o r  o th e r
c o n tai n e r s  c o n s tr u c te d  o f l i s te d  o r  ap p r o ve d  m ate r i a l s  a r e
e m p l o ye d ,  fre  d e te c ti o n  an d  s u p p r e s s i o n  s h a l l  b e  p e r m i tte d  to
b e  o m i tte d  i n s i d e  o f th e  s to c ke r.

8 . 1 2  S u p p o r t E q u i p m e n t.

8 . 1 2 . 1    Vac u u m  p u m p s  h an d l i n g  fammable  o r  p yr o p h o r i c
c h e m i c a l s  o r  h i gh -c o n c e n tr a ti o n  o x yg e n  s h al l  b e  o f th e  d r y
typ e  o r  u s e  n o n c o m b u s ti b l e  p u m p  o i l s .

8 . 1 2 . 1 . 1 *    Va c u u m  p u m p s  th at h an d l e  fammable  g as e s  i n
e x c e s s  o f 2 5  p e r c e n t o f th e  L F L  s h a l l  d i s c h a r ge  i n to  a  c o n tr o l
d e vi c e ,  i n  ac c o r d an c e  wi th  C h ap te r  1 0 ,  th at tr e ats  th e  famma‐
ble  g as e s  fr o m  th e  a i r s tr e am  p r i o r  to  d i s c h a r ge  i n to  e x h a u s t
s ys te m  d u c two r k.

Δ 8 . 1 2 . 1 . 2 *    Va c u u m  p u m p s  u s i n g  c o m b u s ti b l e  o i l s  s h al l  u s e  a
p o i n t-o f- u s e  s c r u b b e r  p r o te c te d  i n  ac c o r d a n c e  wi th  S e c ti o n
1 0 . 6  to  r e m o ve  o i l s  p r i o r  to  th e i r  d i s c h ar g e  i n to  th e  e x h a u s t
d u c t s ys te m .

8 . 1 2 . 1 . 3    Vac u u m  p u m p s  h an d l i n g fammable  o r  p yr o p h o r i c
gas e s  s h al l  b e  e q u i p p e d  wi th  a n i tr o g e n  p u r ge  an d  i n te r l o c ke d
wi th  th e  p r o c e s s  to o l  o p e r ati n g  s ys te m .

8 . 1 3  P ro d u c ti o n  E q u i p m e n t Fi re  P ro te c ti o n .    Wh e r e  fre
p r o te c ti o n  i s  r e q u i r e d  i t s h al l  b e  i n s tal l e d  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 C h a p te r  1 1 .

8 . 1 4  E x p o s u re s .

8 . 1 4 . 1    To  avo i d  d am ag e  to  p r o c e s s  e q u i p m e n t l i q u i d  s e r vi c e s ,
i n c l u d i n g  c o o l i n g  wate r,  p r o c e s s  l i q u i d  c h e m i c a l s  an d  was te

wate r  s ys te m s  s h a l l  n o t b e  r o u te d  a b o ve  c l e a n r o o m  c e i l i n g s  o r
c l e an r o o m  e q u i p m e n t.

8 . 1 4 . 2 *    Wh e n  a fac i l i ty i s  l o c ate d  i n  a h i g h -h az ar d  s e i s m i c
ar e a,  p r o c e s s  e q u i p m e n t a n d  fac i l i ti e s  e q u i p m e n t s h a l l  b e
d e s i g n e d  to  m i n i m i z e  th e  e ffe c ts  o f s e i s m i c  ac ti vi ty.

C h ap te r 9    E x h au s t S ys te m s

9 . 1  G e n e ral  E x h au s t C o n d i ti o n s .

9 . 1 . 1  Fab ri c ati o n  Are as  an d  C l e an ro o m s .    M e c h a n i c al  e x h a u s t
ve n ti l ati o n  s h al l  b e  p r o vi d e d  th r o u g h o u t a fab r i c a ti o n  ar e a  o r

c l e an r o o m  at th e  r ate  o f n o t l e s s  th an  0 . 0 4 4  L / s e c · m 2  ( 1  ft3 /
m i n · ft2 )  o f foor  ar e a.

9 . 1 . 2  Wo rk s tati o n s .    Wo r ks ta ti o n s  s h al l  b e  i n  a c c o r d a n c e  wi th
S e c ti o n s  9 . 2  an d  9 . 3 .

9 . 1 . 3  H az ard o u s  P ro d u c ti o n  M ate ri al s .    E x h a u s t ve n ti l a ti o n
s h a l l  b e  p r o vi d e d  i n  h az ar d o u s  p r o d u c ti o n  m a te r i al s  i n  ac c o r d ‐

an c e  wi th  N F PA 1 .

9 . 1 . 4  G as  C ab i n e ts .    E x h au s t ve n ti l a ti o n  s h al l  b e  p r o vi d e d  fo r
ga s  c ab i n e ts  i n  ac c o r d a n c e  wi th  C h ap te r  7 .

9 . 1 . 5  E x h au s te d  E n c l o s u re s .    E x h au s t ve n ti l ati o n  s h al l  b e
p r o vi d e d  fo r  e x h a u s te d  e n c l o s u r e s  i n  ac c o r d an c e  wi th  N F PA 1 .

9 . 1 . 6  G e n e ral  E x h aus t D u c ts .    Ge n e r a l  e x h a u s t d u c ts  c o n ve y‐
i n g  n o n h az ar d o u s  m a te r i al s  s h al l  b e  n o n c o m b u s ti b l e  o r  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 9 . 3 . 8 .

9 . 2  L o c al  H az ard o u s  C h e m i c al  E x h au s t S ys te m .

9 . 2 . 1    E x h a u s t a i r  d i s c h ar g e d  fr o m  c l e an r o o m s  s h al l  n o t b e
r e c i r c u l a te d .

9 . 2 . 1 . 1    D u c ts  s h a l l  l e a d  to  th e  o u ts i d e  as  d i r e c tl y as  p r ac ti c ab l e
an d  s h a l l  d i s c h ar g e  ab o ve  th e  r o o f at a l o c a ti o n ,  h e i gh t,  an d

ve l o c i ty suffcient to  p r e ve n t r e - e n tr y o f h a z a r d o u s  c h e m i c al s .

9 . 2 . 1 . 2    A h a z a r d o u s  c h e m i c a l  e x h a u s t s ys te m  o f a fab r i c a ti o n
a r e a s h al l  n o t c o n n e c t to  n o n h az ar d o u s  e x h au s t s ys te m s .

9 . 2 . 2    E n e r gy c o n s e r vati o n  d e vi c e s  th a t c r e a te  a  r i s k o f r e tu r n ‐
i n g c o n tam i n a n ts  to  th e  c l e an r o o m  a i r  s u p p l y s h al l  n o t b e  u s e d
i n  e x h au s t s ys te m s .

9 . 2 . 3    Ai r  c o n ta i n i n g h a z a r d o u s  c h e m i c al s  s h a l l  b e  c o n ve ye d
th r o u g h  d u c t s ys te m s  th a t ar e  m ai n ta i n e d  at a n e g ati ve  p r e s ‐

s u r e  r e l ati ve  to  th e  p r e s s u r e  o f n o r m a l l y o c c u p i e d  ar e a s  o f th e
b u i l d i n g .

9 . 2 . 3 . 1    T h e  r e q u i r e m e n ts  o f 9 . 2 . 3  s h a l l  n o t ap p l y to  d u c ts
d o wn s tr e a m  o f fan s ,  s c r u b b e r s ,  an d  tr e atm e n t d e vi c e s .

9 . 2 . 4    Wo r ks tati o n  e x h a u s t ve n ti l ati o n  s h a l l  b e  d e s i gn e d  to
c a p tu r e  an d  e x h au s t c o n ta m i n an ts  g e n e r ate d  i n  th e  s ta ti o n .

9 . 3  L o c al  H az ard o u s  C h e m i c al  E x h au s t S ys te m  C o n s tr u c ti o n .

9 . 3 . 1 *    F l e x i b l e  c o n n e c ti o n s ,  u n l e s s  l i s te d  fo r  fu m e  e x h a u s t
a n d  fo r u s e  wi th o u t i n te r n a l  a u to m a ti c  s p r i n kl e r  p r o te c ti o n ,
s h a l l  n o t b e  u s e d  i n  e x h au s t d u c two r k th a t i s  c o n n e c te d  to

c o m b u s ti b l e  wo r ks tati o n s  o r  to  wo r ks tati o n s  wh e r e  c o m b u s ti b l e
c h e m i c a l s  ar e  u s e d .

9 . 3 . 2    T h e  e n ti r e  e x h a u s t d u c t s ys te m  s h a l l  b e  s e l f-c o n ta i n e 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 .

9 . 3 . 2 . 1    N o  p o r ti o n s  o f th e  b u i l d i n g  s h a l l  b e  u s e d  a s  a n  i n te g r al
p ar t o f th e  s ys te m .

9 . 3 . 3    Two  o r  m o r e  o p e r ati o n s  s h al l  n o t b e  c o n n e c te d  to  th e
s a m e  e x h au s t s ys te m  wh e n  th e  c o m b i n ati o n  o f th e  s u b s tan c e s
r e m o ve d  h ave  th e  p o te n ti a l  to  c r e ate  a  fre,  an  e x p l o s i o n ,  o r  a
c h e m i c a l  r e ac ti o n  h az ar d  wi th i n  th e  d u c t s ys te m .

9 . 3 . 4    E x h a u s t d u c ts  p e n e tr ati n g  fre  r e s i s tan c e –r a te d  c o n s tr u c ‐
ti o n  s h al l  b e  c o n tai n e d  i n  an  e n c l o s u r e  o f e q u i va l e n t fre-
resistive  c o n s tr u c ti o n .  F i r e  r e s i s tan c e  c o n s tr u c ti o n  an d
e n c l o s u r e s  wi th  e q u i va l e n t fre-resistive  c o n s tr u c ti o n  s h a l l
e x te n d  1 . 8  m  ( 6  ft)  o r  a d i s tan c e  e q u i val e n t to  two  ti m e s  th e
d u c t d i am e te r,  wh i c h e ve r  i s  g r e ate r,  o n  e i th e r  s i d e  o f th e  r a te d
c o n s tr u c ti o n .

9 . 3 . 5    F i r e  d am p e r s  s h al l  n o t b e  i n s tal l e d  i n  e x h au s t d u c ts .

9 . 3 . 6 *    E x h au s t d u c t s ys te m s  s h al l  b e  c o n s tr u c te d  o f n o n c o m ‐
b u s ti b l e  m ate r i a l s ,  an  ap p r o ve d  o r  l i s te d  d u c t s ys te m  fo r  u s e
wi th o u t i n te r n a l  s p r i n kl e r s ,  o r  p r o te c te d  wi th  s p r i n kl e r s  i n
ac c o r d an c e  wi th  C h a p te r  1 1 .

9 . 3 . 6 . 1    C a r b o n  d i o x i d e  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
e x h a u s t d u c ts .

9 . 3 . 7    D u c two r k d i r e c tl y c o n n e c te d  to  e q u i p m e n t s h al l  b e  i n
ac c o r d an c e  wi th  9 . 3 . 6  fo r  e q u i p m e n t p r o c e s s i n g  fammable  o r
c o m b u s ti b l e  l i q u i d s  o r  fammable  g as e s .

Δ 9 . 3 . 7 . 1    D u c two r k d i r e c tl y c o n n e c te d  to  e q u i p m e n t th at d o e s
n o t p r o c e s s  fammable  o r  c o m b u s ti b l e  l i q u i d s  o r  fammable
gas e s ,  a n d  wh e r e  th e  e q u i p m e n t i s  c o n s tr u c te d  o f n o n -
c o m b u s ti b l e  m a te r i al s  o r  m ate r i a l s  l i s te d  a s  m e e ti n g  th e
r e q u i r e m e n ts  o f U L  2 3 6 0 ,  Test Method for Determining the
Combustibility Characteristics of Plastics Used in Semiconductor Tool
Construction,  o r  AN S I / F M  4 9 1 0 ,  Standard for Cleanroom Materials
Flammability Test Protocol,  s h a l l  b e  p e r m i tte d  to  b e  c o m p l e te d
u s i n g  d u c two r k th at i s  c o n s tr u c te d  o f m a te r i al s  l i s te d  as  m e e t‐
i n g  th e  r e q u i r e m e n ts  o f U L  2 3 6 0  o r  AN S I / F M  4 9 1 0 ,  p r o vi d e d
th e  h o o k-u p  d u c t d o e s  n o t e x c e e d  5  m  ( 1 6 . 4  ft)  a n d  i s  c o n n e c ‐
te d  d i r e c tl y to  a  d u c t th a t c o m p l i e s  wi th  9 . 3 . 6 .

9 . 3 . 7 . 1 . 1    D u c two r k m e e ti n g  th e  r e q u i r e m e n ts  o f 9 . 3 . 7 . 1  s h a l l
n o t r e q u i r e  i n te r n al  s p r i n kl e r s .

Δ 9 . 3 . 8    T h e  i n te r i o r  an d  e x te r i o r  s u r fac e  o f n o n m e ta l l i c  e x h a u s t
d u c ts  s h a l l  h a ve  a  fame  s p r e a d  i n d e x  o f 2 5  o r  l e s s ,  a n d  th e
e x te r i o r  s u r fa c e  o f n o n m e ta l l i c  e x h a u s t d u c ts  s h al l  h ave  a
s m o ke -d e ve l o p e d  i n d e x  o f 2 5  o r  l e s s  wh e n  th e  i n te r i o r  o r  e x te ‐
ri o r  o f th e  d u c t i s  e x p o s e d  to  fre  wh e n  te s te d  i n  ac c o r d a n c e
wi th  AS T M  E 8 4 ,  Standard Test Method for Surface Burning Charac‐
teristics of Building Materials,  o r  U L  7 2 3 ,  Test for Surface Burning
Characteristics of Burning Materials.

9 . 4  H az ard o u s  C h e m i c al  E x h au s t D u c t Airfow an d  D i l uti o n .

9 . 4 . 1 *  To o l s  U s i n g Fl am m ab l e  o r C o m b u s ti b l e  C h e m i c al s .    Al l
to o l s  u s i n g fammable  o r  c o m b u s ti b l e  c h e m i c a l s  s h a l l  b e  p r o vi ‐
d e d  wi th  a n  e x h a u s t d e vi c e  to  r e d u c e  th e  c o n c e n tr ati o n  o f
fammable  ga s e s  an d  va p o r s  to  l e s s  th an  2 5  p e r c e n t o f th e  L F L .

9 . 4 . 1 . 1 *    To  d e te r m i n e  th e  p r e s e n c e  o f a  fammable  c o n c e n tr a‐
ti o n  i n  d u c two r k,  c al c u l a ti o n s  s h al l  b e  m ad e  a t,  b u t n o t p r i o r
to ,  th e  p o i n t wh e r e  th e  p r o c e s s  effuent e n te r s  d u c two r k wi th  a
c r o s s -s e c ti o n a l  ar e a  e q u al  to  o r  g r e ate r  th a n  4 8 0  c m 2  ( 7 5  i n . 2 ) .

9 . 5  E x h au s t D u c ts .    Au to m ati c  s p r i n kl e r  p r o te c ti o n  s h a l l  b e
p r o vi d e d  i n  a c c o r d an c e  wi th  C h ap te r  1 1 .

9 . 6  H az ard o u s  C h e m i c al  E x h au s t C o n tro l s .

9 . 6 . 1 *    T h e  e m e r ge n c y p o we r  s h al l  o p e r ate  th e  e x h a u s t s ys te m
a t n o t l e s s  th a n  5 0  p e r c e n t c a p ac i ty wh e n  i t i s  d e m o n s tr ate d
th at th e  l e ve l  o f e x h a u s t m ai n ta i n s  a s afe  atm o s p h e r e .

9 . 6 . 2    F i r e  d e te c ti o n  an d  al a r m  s ys te m s  s h a l l  n o t b e  i n te r ‐
l o c ke d  to  s h u t d o wn  l o c a l  e x h a u s t fan s  au to m ati c a l l y.

9 . 6 . 3    E x h a u s t d am p e r s ,  wh e r e  r e q u i r e d  fo r  b a l a n c i n g o r
c o n tr o l  o f th e  e x h au s t s ys te m ,  s h al l  b e  o f th e  l o c ki n g  typ e .

C h ap te r 1 0    Was te  Tre atm e n t

1 0 . 1  Was te  Re c o ve r y an d  H an d l i n g S ys te m s .    Wa s te  tr e atm e n t
fac i l i ti e s  s h al l  b e  d e s i gn e d  wi th  d u a l  was te  tr e a tm e n t l i n e s  o r

al te r n ati ve  b u i l t-i n  r e d u n d a n c y,  to  a s s u r e  th e  c o n ti n u i ty o f
was te  tr e a tm e n t i n  th e  e ve n t o f m a i n te n an c e  o r  u n p l an n e d
o u ta ge s .

1 0 . 2  Ac i d  Was te  Tre atm e n t Fac i l i ty S afe gu ard s .    Ac i d  was te
tr e atm e n t fac i l i ti e s  s h a l l  b e  p r o vi d e d  wi th  th e  fo l l o wi n g s a fe ‐

gu ar d s .

1 0 . 2 . 1 *    Au to m ati c  p H  m o n i to r i n g s h al l  b e  p r o vi d e d  i n
n e u tr al i z a ti o n  ta n ks  u s i n g r e d u n d a n t p r o b e s  wi th  a u to m a ti c

c l e an i n g  fac i l i ti e s  to  m i n i m i z e  c o r r o s i o n  o f p r o b e s .  T h e  o p e r a‐
ti o n  o f th e  was te  tr e atm e n t fa c i l i ty s h a l l  b e  i n te r l o c ke d  to

p r e ve n t th e  tr an s fe r  o f l i q u i d s  fr o m  n e u tr al i z i n g  tan ks  u n ti l  th e
p H  m e as u r e m e n t i s  wi th i n  a c c e p ta b l e  l i m i ts  fo r  s u b s e q u e n t
p r o c e s s i n g .

1 0 . 2 . 2    T h e  d e s i g n  o f a c i d  was te  tr e atm e n t fac i l i ti e s  h a n d l i n g
a m m o n i u m  s al ts  an d  am m o n i a c o n ta i n i n g c o m p o u n d s  s h a l l

p r e ve n t th e  ad d i ti o n  o f N aO C l  to  a c i d i c  was te  s tr e am s  p r i o r  to
th e  ad j u s tm e n t o f was te  s tr e am  p H  to  ac c e p tab l e  l e ve l s .

1 0 . 3  O rgan i c  Was te  Tre atm e n t Fac i l i ti e s .    O r ga n i c  was te  tr e a t‐
m e n t fac i l i ti e s  th at a r e  c ap a b l e  o f g e n e r ati n g  i g n i tab l e  c o n c e n ‐
tr ati o n s  o f fammable  g as e s  o r  vap o r s  d u r i n g n o r m al  o p e r a ti o n

o r  u p s e t c o n d i ti o n  s h a l l  b e  z o n e d  i n  a c c o r d an c e  wi th  N F PA 4 9 7
o r  b e  p r o vi d e d  wi th  ad e q u ate  ve n ti l ati o n  ( n atu r a l  o r  m e c h a n i ‐
c a l )  to  p r e ve n t an  i g n i tab l e  c o n c e n tr ati o n  o f fammable  ga s e s

o r  vap o r s .

1 0 . 4  Was te  L i q u i d  H an d l i n g.

1 0 . 4 . 1    H a z a r d o u s  c h e m i c a l s  p i p i n g an d  tu b i n g  s h al l  c o m p l y
wi th  AS M E  B 3 1 . 3 ,  Process Piping.

1 0 . 4 . 2    S e p ar ate  d r a i n a ge  s ys te m s  s h al l  b e  p r o vi d e d  fo r  i n c o m ‐
p ati b l e  m a te r i al s .

1 0 . 4 . 3 *    D r a i n a ge  s ys te m s  s h a l l  b e  l ab e l e d  i n  a n  a p p r o ve d
m a n n e r  to  i d e n ti fy th e i r  i n te n d e d  c o n te n ts .

1 0 . 4 . 4    C o l l e c ti o n  o f c h e m i c al s  s h al l  b e  d i r e c te d  to  c o n tai n e r s
c o m p a ti b l e  wi th  th e  m ate r i a l  b e i n g  c o l l e c te d .

1 0 . 4 . 5    F l a m m a b l e  l i q u i d  wa s te  s h a l l  b e  c o l l e c te d  i n  a p p r o ve d
c o n tai n e r s .

1 0 . 4 . 5 . 1    F l a m m a b l e  l i q u i d  was te  c o n tai n e r s  s h al l  b e  e q u i p p e d
wi th  l o c al  e x h a u s t o r  b e  fu l l y e n c l o s e d  to  p r e ve n t th e  l i b e r a ti o n

o f va p o r s  to  th e  fa b  o r  s u b -fab  r o o m  e n vi r o n m e n t d u r i n g  tr an s ‐
fe r  o p e r ati o n s .

1 0 . 4 . 6    D u r i n g c o l l e c ti o n  o f fammable  l i q u i d s ,  th e  was te
c o n tai n e r  s h al l  b e  wi th i n  s e c o n d ar y c o n ta i n m e n t.
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1 0 . 4 . 7    C h e m i c al  c o n ta i n e r s  s h a l l  b e  l ab e l e d  as  to  th e i r
c o n te n ts  i n  a n  a p p r o ve d  m an n e r.

1 0 . 4 . 8    I n c o m p a ti b l e  c h e m i c al s  s h al l  n o t b e  tr an s p o r te d  s i m u l ‐
ta n e o u s l y o n  th e  s a m e  h a z a r d o u s  c h e m i c al  c ar t.

1 0 . 4 . 9    C l a s s  I  l i q u i d  wa s te s  s h al l  n o t b e  h an d l e d  o r  u s e d  i n
b a s e m e n ts .

1 0 . 4 . 9 . 1    C o l l e c ti o n  o f C l a s s  I  wa s te s  c o l l e c te d  i n  ve s s e l s  i n
b e l o wgr a d e  s u b -fab s  s h a l l  b e  p e r m i tte d  i f th e  c r i te r i a i n
1 0 . 4 . 9 . 1 . 1  th r o u g h  1 0 . 4 . 9 . 1 . 6  ar e  m e t.

1 0 . 4 . 9 . 1 . 1    T h e  c o l l e c ti o n  ve s s e l  s h al l  b e  l o c ate d  i n s i d e  a n
ap p r o ve d  was te  c o l l e c ti o n  s ys te m .

1 0 . 4 . 9 . 1 . 2    T h e  s to r ag e  c ab i n e t s h al l  b e  e q u i p p e d  wi th  e x h a u s t
ve n ti l ati o n .

1 0 . 4 . 9 . 1 . 3    T h e  e x h au s t ve n ti l a ti o n  s h al l  b e  e q u i p p e d  wi th  a
s tati c  p r e s s u r e  m o n i to r i n g  d e vi c e  th at i s  i n te r l o c ke d  to  s h u t
d o wn  th e  p r o c e s s  u p o n  l o s s  o f ve n ti l ati o n .

1 0 . 4 . 9 . 1 . 4    T h e  c a b i n e t s h al l  b e  e q u i p p e d  wi th  a n  a u to m a ti c
s p r i n kl e r  h e ad .

1 0 . 4 . 9 . 1 . 5    A l e ve l  s e n s i n g d e vi c e  s h a l l  b e  p r o vi d e d  to  m o n i to r
th e  l e ve l  o f th e  c o l l e c ti o n  ve s s e l .

1 0 . 4 . 9 . 1 . 6    A s e c o n d  c o l l e c ti o n  ve s s e l  s h al l  b e  p r o vi d e d  fo r
au to m a ti c  tr an s fe r  fr o m  o n e  c o l l e c ti o n  ve s s e l  to  an o th e r  wh e n
a c o l l e c ti o n  ve s s e l  l e ve l  r e a c h e s  i ts  m a x i m u m  p e r m i s s i b l e
am o u n t.

1 0 . 5  Effuent Tre atm e n t S ys te m s .    Tr e atm e n t s ys te m s  s h a l l  b e
p r o vi d e d  fo r  h i g h l y to x i c  o r  to x i c  g as e s  i n  a c c o r d an c e  wi th
N F PA 1 .

1 0 . 6  S c r ub b e rs .

1 0 . 6 . 1    T h e r m a l  p r o c e s s i n g  u n i ts  ( T P U s )  c o m p r i s e d  o f gas-
fred  a n d  we t s c r u b b i n g  s e c ti o n s  s h al l  b e  p r o vi d e d  wi th  au to ‐
m a ti c  s p r i n kl e r  p r o te c ti o n  o r  i n s tal l e d  i n  an  a r e a th a t i s
i s o l ate d  fr o m  c l e an r o o m  a i r  r e c i r c u l ati o n  s ys te m s  b y a m i n i ‐
m u m  1 -h o u r  fre-rated  c o n s tr u c ti o n ,  e i th e r  i n  a c u t-o ff r o o m  o r
i n  th e  fac i l i ty s u b -fab .

1 0 . 6 . 2    T P U s  s h al l  b e  p r o vi d e d  wi th  th e  i n te r l o c ks  d e s i g n e d  i n
ac c o r d an c e  wi th  S e c ti o n  8 . 3  a n d  l i s te d  i n  1 0 . 6 . 2 . 1  th r o u g h
1 0 . 6 . 2 . 7 .

1 0 . 6 . 2 . 1  E x h au s t O ve r te m p e rature .    T h e  i n te r l o c k s h al l  d e te c t
an  i n c r e as e  i n  e x h a u s t te m p e r atu r e  ab o ve  th e  s e tp o i n t an d
s h a l l  p r e ve n t d e g r ad ati o n  o f m ate r i al s  i n  th e  T P U  e x h a u s t
s tr e am  an d  fa c i l i ty e x h a u s t s ys te m .

1 0 . 6 . 2 . 2  E x h au s t Fl o w.    T h e  e x h a u s t fow s h al l  b e  d e s i g n e d  to
o p e r ate  c o n ti n u al l y an d  an  i n te r l o c k s h al l  b e  p r o vi d e d  to
d e te c t a r e d u c ti o n  i n  e x h au s t fow o f 5 0  p e r c e n t.

1 0 . 6 . 2 . 3  Fl am e  Fai l u re .    A s e n s o r  s h a l l  b e  i n s ta l l e d  a n d  l o c a te d
to  d e te c t fame  fai l u r e  i n  th e  r e ac ti o n  c h am b e r.

1 0 . 6 . 2 . 4  L o w Fu e l  P re s s u re .    T h e  i n te r l o c k s h al l  d e te c t e x c e s s
fu e l  p r e s s u r e  fo r  gas-fred  b u r n e r s .

1 0 . 6 . 2 . 5  H i gh  Re ac ti o n  C h am b e r Te m p e ratu re .    A s e n s o r  s h a l l
b e  l o c ate d  a n d  s e t a t a te m p e r atu r e  th a t p r e ve n ts  d e gr a d a ti o n
o f th e  s tr u c tu r al  i n te g r i ty o f th e  r e a c ti o n  c h a m b e r  o r  i ts
s u r r o u n d i n g m ate r i a l s .

1 0 . 6 . 2 . 6  C o o l i n g Wate r.    A s e n s o r  s h a l l  b e  i n s ta l l e d  to  m o n i to r
c o o l i n g wate r  fow a n d  s e t at a fow r ate  th at p r e ve n ts  d e gr a d a‐

ti o n  o f th e  s tr u c tu r al  i n te g r i ty o f th e  r e a c ti o n  c h am b e r  o r  i ts
s u r r o u n d i n g m ate r i a l s .

1 0 . 6 . 2 . 7  H i gh  Fu e l  P re s s u re  Al ar m .    A s e n s o r  an d  al ar m  s h a l l
d e te c t e x c e s s  fu e l  p r e s s u r e  fo r  gas-fred  b u r n e r s  an d  o p e r a te  a
l o c al  vi s u a l  an d  au d i b l e  a l ar m .

1 0 . 6 . 2 . 8  L o w Re ac ti o n  C h am b e r Te m p e rature  Al ar m .    A
s e n s o r  s h a l l  b e  l o c a te d  a n d  s e t to  d e te c t l o w r e a c ti o n  c h am b e r

te m p e r a tu r e  a n d  o p e r a te  a l o c a l  vi s u al  an d  a u d i b l e  al ar m .

1 0 . 6 . 3    F ac i l i ty fu m e  e x h au s t s c r u b b e r s  s h al l  b e  l o c ate d  e x te r ‐
n a l  to  th e  fab r i c a ti o n  b u i l d i n g o r  e x te r n al  to  th e  c l e an r o o m  i n

a c u t-o ff r o o m  s e p ar a te d  b y 1 - h o u r  fre-rated  c o n s tr u c ti o n .

1 0 . 6 . 4    Wh e r e  fac i l i ty fu m e  e x h au s t s c r u b b e r s  o f c o m b u s ti b l e
c o n s tr u c ti o n  a r e  l o c ate d  o n  a  r o o f an d  s u p p l i e d  b y c o m b u s ti b l e
d u c two r k th at i s  n o t p r o te c te d  b y a u to m a ti c  s p r i n kl e r s ,  i n d i vi d ‐

u al  s c r u b b e r s  s h al l  b e  s e p ar a te d  b y a t l e a s t 6 . 5 6  ft ( 2  m )  to
p r e ve n t fre  s p r e a d  an d  fac i l i tate  m an u al  i n te r ve n ti o n  b y fre
fghters.

1 0 . 6 . 5    Au to m a ti c  fxed  fre  p r o te c ti o n  s ys te m s  fo r  s c r u b b e r s
s h a l l  b e  i n  a c c o r d a n c e  wi th  C h ap te r  1 1 .

1 0 . 7  Vap o r Re c o ve r y an d  Vap o r P ro c e s s i n g S ys te m s .    F l am m a‐
b l e  an d  c o m b u s ti b l e  va p o r  r e c o ve r y a n d  va p o r  p r o c e s s i n g

s ys te m s ,  i n c l u d i n g  a b ate m e n t s ys te m s ,  s h al l  c o m p l y wi th  th e
p r o vi s i o n s  o f S e c ti o n  1 9 . 5  o f N F PA 3 0 .

C h ap te r 1 1    Fi re  P ro te c ti o n

1 1 . 1  Fac i l i ty- Wi d e  S ys te m s .

1 1 . 1 . 1 *  E m e rge n c y C o n tro l  S tati o n .

1 1 . 1 . 1 . 1    An  e m e r g e n c y c o n tr o l  s tati o n  s h al l  b e  p r o vi d e d  at an
ap p r o ve d  l o c ati o n ,  o u ts i d e  o f th e  fa b r i c ati o n  ar e a ,  an d  s h a l l  b e
c o n ti n u o u s l y s taffe d  b y tr a i n e d  p e r s o n n e l .

1 1 . 1 . 1 . 2    T h e  fre  s ys te m  s h a l l  tr an s m i t al l  al ar m s ,  tr o u b l e ,  an d
s u p e r vi s o r y c o n d i ti o n s  to  th e  e m e r g e n c y c o n tr o l  s tati o n .

1 1 . 1 . 1 . 3    T h e  e m e r g e n c y c o n tr o l  s tati o n  s h a l l  b e  p e r m i tte d  to
s e r ve  a s  th e  s u p e r vi s i n g s tati o n  wh e n  i t c o m p l i e s  wi th  NFPA 72

fo r  s u p e r vi s i n g  s tati o n s .

1 1 . 1 . 1 . 4    Al l  e m e r g e n c y s afe ty c o n d i ti o n s  s h al l  b e  tr an s m i tte d
to  th e  e m e r ge n c y c o n tr o l  s tati o n ,  i n c l u d i n g e m e r g e n c y a l a r m

s ys te m s ,  ga s  d e te c ti o n  s ys te m s ,  an d  e m e r g e n c y p o we r  s ys te m s .

1 1 . 1 . 2  Al ar m  an d  C o m m u n i c ati o n  S ys te m s .

1 1 . 1 . 2 . 1  G e n e ral .    A fre  a l ar m  s ys te m  s h al l  b e  p r o vi d e d
th r o u g h o u t b u i l d i n g s  c o n tai n i n g  fab r i c a ti o n  a r e as ;  th e  s ys te m
s h a l l  b e  d e s i gn e d  a n d  i n s tal l e d  i n  a c c o r d an c e  wi th  NFPA 72.

1 1 . 1 . 2 . 1 . 1  I n i ti ati o n .    I n i ti ati o n  o f th e  r e q u i r e d  fre  al a r m
s ys te m  s h al l  b e  b y m a n u a l  m e an s  an d  b y m e a n s  o f an y r e q u i r e d
fre  s u p p r e s s i o n  s ys te m  waterfow a l a r m s ,  d e te c ti o n  d e vi c e s ,  o r

d e te c ti o n  s ys te m .

1 1 . 1 . 2 . 1 . 2  Notifcation.    Notifcation  i n  th e  fo r m  o f au d i b l e
al a r m  s i gn a l s  s h al l  b e  p r o vi d e d  th r o u g h o u t th e  b u i l d i n g to
al e r t o c c u p an ts  o f a fre  o r  o th e r  e m e r g e n c y.
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1 1 . 1 . 2 . 1 . 3  E m e rge n c y Fo rc e s .    Ac ti vati o n  o f th e  fre  a l a r m
s ys te m  s h al l  tr a n s m i t th e  a p p r o p r i a te  s i g n al  to  th e  s u p e r vi s i n g
s tati o n  i n  a c c o r d a n c e  wi th  NFPA 72.

1 1 . 1 . 3  D e te c ti o n  S ys te m s .

1 1 . 1 . 3 . 1 *  S m o ke  D e te c ti o n  S ys te m .    A l i s te d  o r  ap p r o ve d
s m o ke  d e te c ti o n  s ys te m  s h a l l  b e  p r o vi d e d  i n  th e  c l e an r o o m
re tu r n  a i r s tr e a m .

1 1 . 1 . 3 . 1 . 1    D e te c ti o n  s h a l l  b e  p e r m i tte d  to  b e  ac c o m p l i s h e d
u s i n g  a s p i r a ti n g s m o ke  d e te c ti o n  ( ai r  s am p l i n g –typ e  s m o ke
d e te c ti o n )  o r  s p o t- typ e  d e te c ti o n  s ys te m s .

1 1 . 1 . 3 . 2    S m o ke  d e te c ti o n  wi th i n  a c l e a n r o o m  s h al l  r e s u l t i n  an
al a r m  tr an s m i s s i o n  to  a  s u p e r vi s i n g s tati o n  as  we l l  as  a l o c al
al a r m  s i g n al  wi th i n  th e  c l e an r o o m  th at i s  d i s ti n c ti ve  fr o m  b o th
th e  fac i l i ty au d i b l e  al ar m  s i g n al  an d  an y p r o c e s s  e q u i p m e n t
al a r m  s i gn a l s  i n  th e  c l e a n r o o m .

1 1 . 1 . 3 . 3    S m o ke  d e te c ti o n  s h a l l  b e  l i s te d  to  o p e r ate  i n  th e
airfow ve l o c i ti e s  a n ti c i p a te d  wi th i n  th e  c l e an r o o m .

1 1 . 1 . 3 . 4    T h e  c l e an r o o m  s m o ke  d e te c ti o n  s ys te m  s h a l l  b e
d e s i g n ate d  as  e i th e r  a  p r o p e r ty p r o te c ti o n  s ys te m  o r  a l i fe  s a fe ty
s ys te m  b as e d  o n  a r i s k as s e s s m e n t.

1 1 . 1 . 3 . 4 . 1    Wh e r e  a c l e a n r o o m  s m o ke  d e te c ti o n  s ys te m  i s
d e s i g n ate d  as  a  l i fe  s a fe ty s ys te m ,  a fre  e vac u ati o n  s i gn a l  s h a l l
b e  i s s u e d  wh e n  th e  d e te c ti o n  s ys te m  d e te c ts  s m o ke  a t th e  l e ve l s
specifed  i n  1 1 . 1 . 3 . 5 . 2 .

1 1 . 1 . 3 . 4 . 2    Wh e r e  a c l e a n r o o m  s m o ke  d e te c ti o n  s ys te m  i s
d e s i g n ate d  as  a p r o p e r ty p r o te c ti o n  s ys te m ,  an  i n ve s ti ga ti o n
s h a l l  b e  c a r r i e d  o u t i m m e d i ate l y b y th e  s i te  e m e r ge n c y
re s p o n s e  te a m  o n  r e c e i p t o f a n  a l e r t s i g n al  b e i n g r e c e i ve d  a t
th e  s u p e r vi s i n g  s tati o n .

1 1 . 1 . 3 . 4 . 3    Wh e r e  a c l e a n r o o m  s m o ke  d e te c ti o n  s ys te m  i s
d e s i g n ate d  as  a p r o p e r ty p r o te c ti o n  s ys te m ,  a  fre  e vac u a ti o n
s i gn a l  s h al l  n o t b e  r e q u i r e d  to  b e  i s s u e d  au to m ati c al l y fo l l o wi n g
an  al e r t s i g n al  fr o m  th e  c l e an r o o m  s m o ke  d e te c ti o n  s ys te m .

1 1 . 1 . 3 . 5    Wh e r e  s m o ke  d e te c ti o n  i s  i n s tal l e d  b e l o w a  waffe
foor  to  d e te c t s m o ke  i n  th e  ai r s tr e a m  p as s i n g  fr o m  th e  c l e an ‐
ro o m  to  th e  s u b -fab ,  ar e a  o f c o ve r a ge  o f s p o t-typ e  d e te c to r  o r
s a m p l i n g p o r t s h al l  b e  l i m i te d  to  1 8 . 6  m 2  ( 2 0 0  ft2 ) .

1 1 . 1 . 3 . 5 . 1    T h e  m i n i m u m  a l e r t s e n s i ti vi ty fo r  a s i n g l e  s am p l i n g
p o r t o r  s p o t-typ e  d e te c to r  s h al l  b e  a  m ax i m u m  val u e  o f

0 . 6 5  p e r c e n t/ m e te r  ( 0 . 2  p e r c e n t/ fo o t) .

1 1 . 1 . 3 . 5 . 2    T h e  m i n i m u m  a l a r m  s e n s i ti vi ty fo r  a s i n g l e
s a m p l i n g p o r t o r  s p o t-typ e  d e te c to r  s h al l  b e  a  m ax i m u m  va l u e
o f 3 . 2  p e r c e n t/ m e te r  ( 1 . 0  p e r c e n t/ fo o t) .

1 1 . 1 . 3 . 6 *    I n  th e  a b s e n c e  o f p e r fo r m a n c e - b a s e d  d e s i g n  c r i te r i a,
wh e r e  s m o ke  d e te c ti o n  i s  i n s tal l e d  a t th e  e n tr y to  th e  r e tu r n  ai r

p ath ,  a r e a c o ve r ag e  o f s p o t-typ e  d e te c to r  o r  s am p l i n g  p o r t s p ac ‐
i n g  s h a l l  b e  l i m i te d  to  0 . 4  m 2  ( 4 . 3  ft2 ) .

1 1 . 1 . 3 . 6 . 1    T h e  m i n i m u m  a l e r t s e n s i ti vi ty fo r  a s i n g l e  s am p l i n g
p o r t o r  s p o t-typ e  d e te c to r  s h al l  b e  a  m ax i m u m  val u e  o f
0 . 6 5  p e r c e n t/ m e te r  ( 0 . 2  p e r c e n t/ fo o t) .

1 1 . 1 . 3 . 6 . 2    T h e  m i n i m u m  a l a r m  s e n s i ti vi ty fo r  a s i n g l e
s a m p l i n g p o r t o r  s p o t-typ e  d e te c to r  s h al l  b e  a m ax i m u m  va l u e

o f 3 . 2  p e r c e n t/ m e te r  ( 1 . 0  p e r c e n t/ fo o t) .

1 1 . 1 . 3 . 7    F o r  an  ai r  s am p l i n g –typ e  s ys te m ,  th e  m ax i m u m  tr an s ‐
p o r t ti m e  fr o m  th e  m o s t r e m o te  s am p l i n g  p o r t to  th e  d e te c ti o n

u n i t s h a l l  n o t e x c e e d  6 0  s e c o n d s .

1 1 . 1 . 3 . 8    S m o ke  d e te c ti o n  s ys te m s  s h al l  b e  m a i n tai n e d  i n
a c c o r d an c e  wi th  NFPA 72.

1 1 . 1 . 3 . 9  Te s ti n g o f Ve n ti l ati o n  S ys te m  D e te c ti o n  S ys te m s .

1 1 . 1 . 3 . 9 . 1    T h e  fr e q u e n c y o f te s ti n g  fo r  au to m ati c  s m o ke
d e te c ti o n  d e vi c e s  to  s h u t d o wn  ve n ti l a ti o n  s ys te m s  a n d / o r
c o n tr o l  s m o ke  s h al l  fo l l o w th e  r e q u i r e m e n ts  o f NFPA 72,

N F PA 9 0 A,  an d  N F PA 9 2 .

1 1 . 1 . 3 . 9 . 2    To  avo i d  c o n tam i n a ti o n  o f th e  c l e a n r o o m ,  th e
d e te c ti o n  a n d  c o n tr o l  c o m p o n e n ts  s h a l l  b e  p e r m i tte d  to  b e

te s te d  i n d e p e n d e n t o f s h u td o wn  o f th e  ve n ti l ati o n  s ys te m s
a n d / o r  s m o ke  c o n tr o l  s ys te m s .

1 1 . 1 . 3 . 9 . 2 . 1 *    T h e  a c tu al  ve n ti l ati o n  s ys te m  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  d u r i n g  th e  te s ti n g .

1 1 . 1 . 3 . 9 . 2 . 2    An c i l l a r y e q u i p m e n t a c tu a te d  b y a s i gn a l  fr o m  th e
fre  d e te c ti o n  an d  fre  al a r m  s ys te m ,  s u c h  as  ve n ti l ati o n  s ys te m s

an d  g as  s ys te m s ,  s h al l  n o t b e  r e q u i r e d  to  s h u t d o wn  d u r i n g te s t‐
i n g o f th e  i n te r fac e  d e vi c e s .

1 1 . 1 . 4  B u i l d i n g Auto m ati c  S p ri n kl e r S ys te m s .

1 1 . 1 . 4 . 1 *  G e n e ral .    We t p i p e  au to m ati c  s p r i n kl e r  p r o te c ti o n
s h a l l  b e  p r o vi d e d  th r o u g h o u t fac i l i ti e s  c o n ta i n i n g c l e an r o o m s
a n d  c l e a n  z o n e s .

1 1 . 1 . 4 . 2 *    Au to m ati c  s p r i n kl e r s  fo r  c l e an r o o m s  o r  c l e a n  z o n e s
s h a l l  b e  i n s tal l e d  i n  a c c o r d a n c e  wi th  N F PA 1 3 ,  an d  s h a l l  b e

h yd r au l i c al l y d e s i g n e d  fo r  a  d e n s i ty o f 8 . 1 5  L / m i n · m 2

( 0 . 2 0  g p m / ft2 )  o ve r  a d e s i g n  ar e a  o f 2 7 8 . 8  m 2  ( 3 0 0 0  ft2 ) .

1 1 . 1 . 4 . 3    Au to m a ti c  s p r i n kl e r  p r o te c ti o n  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  th e  p l e n u m  an d  i n te r s ti ti a l  s p ac e  ab o ve  c l e an r o o m s
i n  ac c o r d an c e  wi th  N F PA 1 3 ,  fo r  a d e n s i ty o f 8 . 1 5  L / m i n · m 2

( 0 . 2 0  g p m / ft2 )  o ve r  a d e s i g n  ar e a  o f 2 7 8 . 8  m 2  ( 3 0 0 0  ft2 ) .

1 1 . 1 . 4 . 4 *    Ap p r o ve d  q u i c k-r e s p o n s e  s p r i n kl e r s  s h al l  b e  u ti l i z e d
fo r  s p r i n kl e r  i n s tal l ati o n s  wi th i n  down-fow ai r s tr e am s  i n  c l e an ‐
r o o m s  a n d  c l e a n  z o n e s .

1 1 . 2  P ro te c ti o n  o f Specifc  Fac i l i ty E l e m e n ts .

1 1 . 2 . 1  E x h aus t D u c ts .    I n te r i o r  au to m ati c  s p r i n kl e r s  s h a l l  b e
p r o vi d e d  i n  e x h au s t d u c ts  c o n ve yi n g vap o r s ,  fu m e s ,  o r  m i s ts

ge n e r a te d  b y h az ar d o u s  c h e m i c al s  a s  fo l l o ws :

( 1 ) I n te r i o r  au to m ati c  s p r i n kl e r s  s h al l  b e  p r o vi d e d  i n  m e ta l l i c
an d  n o n c o m b u s ti b l e ,  n o n m e tal l i c  e x h au s t d u c ts  wh e n

b o th  o f th e  fo l l o wi n g c o n d i ti o n s  ar e  p r e s e n t:

( a) * L ar g e s t i n te r i o r  c r o s s - s e c ti o n al  ar e a  i s  e q u al  to  o r
gr e a te r  th an  0 . 0 4 8  m 2  ( 7 5  i n . 2 ) .

( b ) D u c ts  a r e  c o n ve yi n g fammable  vap o r s  o r  fu m e s  a t
c o n c e n tr a ti o n s  gr e a te r  th a n  2 5  p e r c e n t o f th e  l o we r
fammable  l i m i t ( L F L ) .

( 2 ) I n te r i o r  a u to m a ti c  s p r i n kl e r s  s h a l l  b e  p r o vi d e d  i n
c o m b u s ti b l e  n o n m e ta l l i c  e x h a u s t d u c ts  wh e n  th e  l ar g e s t
i n te r i o r  c r o s s - s e c ti o n al  a r e a i s  e q u al  to  o r  g r e ate r  th an
0 . 0 4 8  m 2  ( 7 5  i n . 2 ) .

1 1 . 2 . 1 . 1    I n te r i o r  au to m ati c  s p r i n kl e r s  s h al l  n o t b e  r e q u i r e d
wh e r e  d u c ts  ar e  a p p r o ve d  fo r  u s e  wi th o u t i n te r n a l  a u to m a ti c
s p r i n kl e r s .
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1 1 . 2 . 1 . 2    S p r i n kl e r s  i n s tal l e d  i n  d u c t s ys te m s  s h a l l  b e  h yd r au l i ‐
c a l l y d e s i g n e d  to  p r o vi d e  1 . 9  L / m i n  ( 0 . 5  g p m )  o ve r  an  ar e a
d e r i ve d  b y m u l ti p l yi n g  th e  d i s ta n c e  b e twe e n  th e  s p r i n kl e r s  i n  a
h o r i z o n tal  d u c t b y th e  wi d th  o f th e  d u c t.

1 1 . 2 . 1 . 2 . 1 *    M i n i m u m  d i s c h a r ge  s h al l  b e  7 6  L / m i n  ( 2 0  gp m )
p e r  s p r i n kl e r  fr o m  th e  fve  h yd r au l i c a l l y m o s t r e m o te  s p r i n ‐
kl e r s .

1 1 . 2 . 1 . 2 . 2    S p r i n kl e r s  s h al l  b e  s p ac e d  a m ax i m u m  o f 6 . 1  m
( 2 0  ft)  ap ar t h o r i z o n tal l y a n d  3 . 7  m  ( 1 2  ft)  ap ar t ve r ti c al l y.

1 1 . 2 . 1 . 2 . 3    S p r i n kl e r s  s h a l l  b e  i n s ta l l e d  wi th i n  1  m  ( 3 . 2  ft)
d o wn s tr e a m  o f a c o n n e c ti o n  to  a l ar g e r  d u c t.

1 1 . 2 . 1 . 3    A s e p ar a te  i n d i c ati n g  c o n tr o l  va l ve  s h al l  b e  p r o vi d e d
fo r  s p r i n kl e r s  i n s tal l e d  i n  d u c two r k.

1 1 . 2 . 1 . 4 *    D r a i n a ge  s h al l  b e  p r o vi d e d  to  r e m o ve  th e  an ti c i p a‐
te d  s p r i n kl e r  wate r  d i s c h a r ge d  i n  d u c two r k.

1 1 . 2 . 1 . 5    Wh e r e  c o r r o s i ve  atm o s p h e r e s  e x i s t,  d u c t s p r i n kl e r s
an d  p i p e  fttings  s h a l l  b e  m a n u fac tu r e d  o f c o r r o s i o n -r e s i s tan t
m a te r i al s  o r  c o a te d  wi th  ap p r o ve d  m a te r i al s .

1 1 . 2 . 1 . 6    T h e  s p r i n kl e r s  s h al l  b e  ac c e s s i b l e  fo r  p e r i o d i c  i n s p e c ‐
ti o n  a n d  m ai n te n an c e .

1 1 . 2 . 1 . 7 *    Wh e r e  th e  b r an c h  e x h a u s t d u c two r k i s  c o n s tr u c te d
o f c o m b u s ti b l e  m a te r i al ,  a u to m a ti c  s p r i n kl e r  p r o te c ti o n  s h a l l
b e  p r o vi d e d  wi th i n  th e  wo r ks tati o n  tr an s i ti o n  p i e c e  o r  th e
b r a n c h  e x h au s t d u c t.

1 1 . 2 . 1 . 8    Wh e r e  th e  b r an c h  e x h au s t d u c two r k i s  s u b j e c t to
c o m b u s ti b l e  r e s i d u e  b u i l d u p ,  r e ga r d l e s s  o f th e  m ate r i a l  o f
c o n s tr u c ti o n ,  i n te r i o r  au to m ati c  s p r i n kl e r  p r o te c ti o n  s h al l  b e
p r o vi d e d .

1 1 . 2 . 2 *  P as s - T h ro u gh  C ab i n e ts .    Au to m a ti c  s p r i n kl e r s  s h al l  b e
p r o vi d e d  i n  p as s -th r o u gh s  u s e d  to  c o n ve y c o m b u s ti b l e  c h e m i ‐
c a l s .

1 1 . 2 . 3  S c r u b b e rs .    An  a u to m a ti c  s p r i n kl e r  s h al l  b e  i n s tal l e d  i n
th e  i n l e t a n d  o u tl e t o f c o m b u s ti b l e  s c r u b b e r s .

1 1 . 2 . 3 . 1    L o c al  fre  h yd r a n ts  o r  s tan d p i p e s  s h al l  b e  p r o vi d e d
wi th i n  3 0  m  ( 9 8 . 4  ft)  o f al l  r o o f-m o u n te d  s c r u b b e r s .

1 1 . 2 . 4 *  G as  C ab i n e ts  an d  E x h au s te d  E n c l o s u re s .

1 1 . 2 . 4 . 1    S p r i n kl e r s  s h al l  b e  i n s tal l e d  i n  g as  c a b i n e ts  th a t
c o n tai n  fammable,  to x i c  a n d  h i g h l y to x i c ,  an d  p yr o p h o r i c
ga s e s  ( i n c l u d i n g  s i l an e ) .

1 1 . 2 . 4 . 1 . 1    E x h au s te d  e n c l o s u r e s  a s  defned  b y th i s  s tan d ar d
s h a l l  n o t r e q u i r e  s p r i n kl e r s .

1 1 . 2 . 4 . 1 . 2    Au to m a ti c  s p r i n kl e r s  ar e  n o t r e q u i r e d  i n  ga s  c ab i ‐
n e ts  c o n tai n i n g  wate r- r e ac ti ve  g as e s .

1 1 . 2 . 4 . 1 . 3    S p r i n kl e r s  s h al l  n o t b e  r e q u i r e d  i n  g as  c ab i n e ts
l o c ate d  i n  a  h a z a r d o u s  c h e m i c a l  r o o m  o r  ga s  r o o m ,  o th e r  th a n
i n  th o s e  c a b i n e ts  c o n ta i n i n g p yr o p h o r i c  g as e s .

1 1 . 2 . 5  S i l an e  G as  S ys te m s .

Δ 1 1 . 2 . 5 . 1    O p ti c al  fame  d e te c to r s  th at wi l l  r e s p o n d  to  th e  fame
s i gn a tu r e  o f s i l a n e  o r  h i gh -s e n s i ti vi ty s m o ke  d e te c ti o n  s h al l  b e
p r o vi d e d  to  d e te c t a  fre  at p o te n ti al  l e ak p o i n ts  o n  th e  s i l a n e
d e l i ve r y s ys te m .

N 1 1 . 2 . 5 . 1 . 1    C o ve r ag e  s h a l l  b e  p r o vi d e d  to  ad d r e s s  c o n tai n e r
c o n n e c ti o n s ,  p r o c e s s  g as  an d  p u r ge  g as  p an e l s ,  an d  o th e r

p o te n ti a l  l e a k p o i n ts  wh e r e  u n we l d e d  fttings  o r  c o n n e c ti o n s
ar e  u s e d .

1 1 . 2 . 5 . 1 . 2    A fre  d e te c ti o n  s ys te m  s h a l l  b e  p r o vi d e d  i n s i d e  o f
al l  e q u i p m e n t as  defned  i n  1 1 . 2 . 5 . 1 . 3  to  d e te c t a fre  wi th i n  th e
e q u i p m e n t.

1 1 . 2 . 5 . 1 . 3    Ac ti vati o n  o f a fre  d e te c ti o n  s ys te m  s h a l l  r e s u l t i n
th e  c l o s i n g  o f th e  fo l l o wi n g n e a r e s t i s o l a ti o n  val ve :

( 1 ) At l o c al  g as  b o x e s  n e ar  th e  to o l  o r  i n  th e  to o l  g as  j u n g l e
( 2 ) At VM B s ,  s h u t d o wn  i n d i vi d u al  s ti c ks
( 3 ) At th e  g as  c yl i n d e r  s o u r c e
( 4 ) At th e  b u l k s o u r c e

1 1 . 2 . 5 . 1 . 4    F i r e  d e te c ti o n  s h a l l  r e s u l t i n  an  a l a r m  tr a n s m i s s i o n
to  th e  s u p e r vi s i n g  s tati o n  as  we l l  as  a l o c al  a l ar m  s i g n al  th at i s
d i s ti n c ti ve  fr o m  th e  fac i l i ty’ s  a u d i b l e  al a r m  s i g n al  an d  an y p r o c ‐

e s s  e q u i p m e n t al ar m  s i g n al s .

1 1 . 2 . 5 . 2  Au to m ati c  S p ri n k l e r S ys te m s .

1 1 . 2 . 5 . 2 . 1 *  O p e n  Rac k  C yl i n d e r D i s p e n s i n g S ys te m s .    Au to ‐
m a ti c  q u i c k-r e s p o n s e  s p r i n kl e r s  o r  a  d e l u ge  s ys te m  s h al l  b e

p r o vi d e d  i n  th e  p r o x i m i ty o f a n d  d i r e c te d  at i n d i vi d u a l  s i l a n e
c yl i n d e r s  i n  o p e n  r ac k d i s p e n s i n g a r e as .

1 1 . 2 . 5 . 2 . 1 . 1    Wh e r e  th e  o p e n  r a c k d i s p e n s i n g  s ys te m  i s  i n
ac c o r d an c e  wi th  AN S I / C GA G-1 3 ,  Storage and Handling of Silane
and Silane Mixtures,  an d  d e s i g n e d  to  m i ti ga te  th e  e ffe c ts  o f d e to ‐

n a ti o n ,  a n  au to m ati c  d e l u g e  wate r  s p r ay s ys te m  s h a l l  n o t b e
r e q u i r e d .

1 1 . 2 . 5 . 2 . 2  B u l k S i l an e  S ys te m s .

1 1 . 2 . 5 . 2 . 2 . 1    Au to m ati c  fxed  d e l u g e  wa te r  s p r a y p r o te c ti o n
s h a l l  b e  p r o vi d e d  to  b u l k s i l a n e  d e l i ve r y s ys te m s .

1 1 . 2 . 5 . 2 . 2 . 2    T h e  s ys te m  s h al l  b e  d e s i gn e d  to  p r o vi d e  a d e n s i ty
o f 1 2  m m / m i n  ( 0 . 3 0  g p m / ft2 )  o ve r  th e  e x te r n al  s u r fac e  ar e a o f

th e  tr a i l e r s  fo r  a  2 -h o u r  d u r a ti o n .

1 1 . 2 . 5 . 2 . 2 . 3    Re gu l ar  s ys te m s  an d  c o n tr o l  p a n e l  ar e as  s h a l l  a l s o
b e  p r o te c te d  b y th i s  s ys te m .

1 1 . 2 . 5 . 2 . 2 . 4    T h e  wate r  s p r ay s ys te m  s h a l l  b e  a u to m a ti c a l l y a c ti ‐
vate d  b y a p p r o ve d  o p ti c a l  fame  d e te c to r s .

1 1 . 2 . 6  P yro p h o ri c  L i q u i d s  C ab i n e ts .

1 1 . 2 . 6 . 1  Fi re  D e te c ti o n  S ys te m .    E a c h  c ab i n e t s h al l  b e  e q u i p ‐
p e d  wi th  a n  au to m ati c  fre  d e te c ti o n  s ys te m  th a t c o m p l i e s  wi th
th e  fo l l o wi n g  c o n d i ti o n s :

( 1 ) Automatic detection system:  O p ti c al  fame  d e te c ti o n  th a t wi l l
r e s p o n d  to  th e  fame  s i gn a tu r e  o f th e  c h e m i c al  o r  h i gh -
s e n s i ti vi ty s m o ke  d e te c ti o n  s h al l  b e  p r o vi d e d  i n s i d e  e a c h

c a b i n e t to  d e te c t a  fre  at p o te n ti a l  l e a k p o i n ts  o n  th e
d e l i ve r y s ys te m .  C o ve r ag e  s h al l  b e  p r o vi d e d  to  ad d r e s s

c o n tai n e r  c o n n e c ti o n s ,  p r o c e s s  g as ,  a n d  p u r g e  g as  p an e l s ,
a n d  o th e r  p o te n ti al  l e ak p o i n ts  wh e r e  u n we l d e d  fttings

o r  c o n n e c ti o n s  ar e  u s e d .
( 2 ) Automatic shutoff:  Ac ti vati o n  o f th e  d e te c ti o n  s ys te m  s h a l l

au to m ati c al l y c l o s e  th e  s h u to ff val ve ( s )  o n  th e  l i q u i d
s u p p l y.
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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 1 . 2 . 7  P ro d u c ti o n  E q u i p m e n t.

1 1 . 2 . 7 . 1  P ro d u c ti o n  E q u i p m e n t D e te c ti o n  S ys te m  O p ti o n s .

1 1 . 2 . 7 . 1 . 1 *  S ys te m  O p ti o n s .    Wh e r e  p r o vi d e d ,  d e te c ti o n
s ys te m s  s h a l l  b e  d e s i g n e d ,  i n s tal l e d ,  an d  m ai n ta i n e d  i n  a c c o r d ‐
an c e  wi th  NFPA 72,  o r  m a n u fac tu r e r ’ s  specifcations.

1 1 . 2 . 7 . 2  P ro d u c ti o n  E q u i p m e n t S u p p re s s i o n  S ys te m  O p ti o n s .

1 1 . 2 . 7 . 2 . 1  C arb o n  D i o x i d e  Age n t S u p p re s s i o n  S ys te m s .

1 1 . 2 . 7 . 2 . 1 . 1    Wh e r e  p r o vi d e d ,  c ar b o n  d i o x i d e  ag e n t s u p p r e s ‐
s i o n  s ys te m s  s h a l l  b e  d e s i g n e d ,  i n s ta l l e d ,  an d  m ai n ta i n e d  i n
ac c o r d an c e  wi th  N F PA 1 2 .

1 1 . 2 . 7 . 2 . 2  C l e an  Age n t S up p re s s i o n  S ys te m s .

1 1 . 2 . 7 . 2 . 2 . 1    Wh e r e  p r o vi d e d ,  c l e an  ag e n t s u p p r e s s i o n  s ys te m s
s h a l l  b e  d e s i g n e d ,  i n s ta l l e d ,  an d  m ai n ta i n e d  i n  ac c o r d an c e  wi th
N F PA 2 0 0 1 .

1 1 . 2 . 7 . 2 . 3  Wate r M i s t Age n t S u p p re s s i o n  S ys te m s .

1 1 . 2 . 7 . 2 . 3 . 1    Wh e r e  p r o vi d e d ,  wate r  m i s t ag e n t s u p p r e s s i o n
s ys te m s  s h a l l  b e  d e s i g n e d ,  i n s tal l e d ,  an d  m ai n ta i n e d  i n  a c c o r d ‐
an c e  wi th  N F PA 7 5 0 .

1 1 . 2 . 7 . 2 . 4  Au to m ati c  S p ri n k l e r S ys te m s .

1 1 . 2 . 7 . 2 . 4 . 1    Wh e r e  p r o vi d e d ,  a u to m ati c  s p r i n kl e r  s ys te m s  s h a l l
b e  d e s i gn e d ,  i n s tal l e d ,  an d  m ai n ta i n e d  i n  a c c o r d a n c e  wi th
N F PA 1 3 .

C h ap te r 1 2    G e n e ral  S afe ty P re c auti o n s

1 2 . 1  E m e rge n c y P l an .

1 2 . 1 . 1  P l an s  an d  D i agram s .    P l a n s  an d  d i ag r am s  s h al l  b e  m ai n ‐
tai n e d  i n  a p p r o ve d  l o c ati o n s  i n d i c a ti n g ar c h i te c tu r al  fe a tu r e s ,
u s e ,  a n d  th e  ap p r o x i m a te  e q u i p m e n t p l a c e m e n t fo r  e ac h  ar e a ;
th e  am o u n t an d  typ e  o f h az ar d o u s  c h e m i c a l s  s to r e d ,  h a n d l e d ,
an d  u s e d ;  l o c ati o n s  o f s h u to ff val ve s  fo r  h az ar d o u s  c h e m i c al s
s u p p l y p i p i n g;  e m e r ge n c y te l e p h o n e  l o c ati o n s ;  a n d  l o c ati o n s  o f
e x i ts .

1 2 . 1 . 2  P l an  U p d ati n g.

1 2 . 1 . 2 . 1    P l an s  an d  d i ag r am s  s h al l  b e  m ai n ta i n e d  u p -to -d a te .

1 2 . 1 . 2 . 2    T h e  fre  d e p ar tm e n t s h al l  b e  i n fo r m e d  o f a r c h i te c ‐
tu r al  c h an g e s  affe c ti n g  ac c e s s  a n d  e g r e s s ,  u s e ,  m ate r i a l s ,  o c c u ‐
p an c y,  wa r n i n g  an d  c o n tr o l s ,  o r  o th e r  fu n c ti o n s  th at c o u l d
affe c t th e i r  e m e r g e n c y r e s p o n s e .

1 2 . 2  E m e rge n c y Re s p o n s e  Te am .

1 2 . 2 . 1    Re s p o n s i b l e  p e r s o n s  s h al l  b e  d e s i gn a te d  to  an  o n - s i te
e m e r g e n c y r e s p o n s e  te am  a n d  tr ai n e d  to  b e  l i a i s o n  p e r s o n n e l
fo r  th e  fre  d e p ar tm e n t.

1 2 . 2 . 2    T h e s e  p e r s o n s  s h a l l  a i d  th e  fre  d e p ar tm e n t i n  p r e p l an ‐
n i n g  e m e r g e n c y r e s p o n s e s ;  i d e n ti fyi n g  l o c a ti o n s  wh e r e  h az ar d ‐
o u s  c h e m i c al s  a r e  s to r e d ,  h an d l e d ,  an d  u s e d ;  a n d  s h al l  b e
fa m i l i ar  wi th  th e  c h e m i c al  n atu r e  o f h az ar d o u s  c h e m i c a l s .

1 2 . 2 . 3    An  ap p r o ve d  n u m b e r  o f p e r s o n n e l  fo r  e a c h  wo r k s h i ft
s h a l l  b e  d e s i gn a te d .

1 2 . 3  E m e rge n c y D ri l l s .

1 2 . 3 . 1    E m e r g e n c y d r i l l s  o f th e  o n -s i te  e m e r g e n c y r e s p o n s e
te a m  s h al l  b e  c o n d u c te d  o n  a fr e q u e n c y th a t e n s u r e s  prof‐
ciency.

1 2 . 3 . 2    Re c o r d s  o f d r i l l s  c o n d u c te d  s h a l l  b e  m a i n tai n e d  a t th e
e m e r g e n c y c o n tr o l  s tati o n  fo r  a p e r i o d  o f o n e  ye a r.

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.

Δ A. 1 . 1    T h e  p r i m ar y s e m i c o n d u c to r  an d  r e l ate d  i n d u s tr i e s
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 ) Silicon Integrated Circuits.  Tr ad i ti o n al  s e m i c o n d u c to r  p r o c ‐
e s s  fo r  m e m o r y,  l o gi c ,  m i c r o p r o c e s s o r s ,  an d  s i m i l ar  i n te ‐

g r ate d  c i r c u i ts  o n  s i l i c o n  wafe r s .  P r o c e s s  i n c l u d e s
e p i tax i a l  l aye r  fo r m a ti o n ,  o x i d ati o n ,  c h e m i c a l  vap o r

d e p o s i ti o n ,  s p u tte r i n g ,  p h o to l i th o g r ap h y,  e tc h i n g ,  an d
i o n  i m p l a n ta ti o n .  P r o c e s s i n g c a n  i n vo l ve  th e  u s e  o f o ve r
3 0  e l e c tr o n i c  s p e c i a l ty m ate r i a l s —p r i m ar i l y i n  g as  an d

l i q u i d  fo r m .  C u r r e n t te c h n o l o g i e s  fo c u s  o n  2 0 0  m m
( 7 . 9  i n . )  an d  3 0 0  m m  ( 1 1 . 8  i n . )  wafe r  s i z e s  wh i l e  4 5 0  m m

( 1 7 . 7  i n . )  wafe r  te c h n o l o gy i s  u n d e r  d e ve l o p m e n t.
( 2 ) III–V MOCVD (Metalorganic Chemical Vapor Deposition).

P r o c e s s  u s i n g  th e  I I I –V fam i l y o f s e m i c o n d u c to r s  fo r
p o we r  tr an s i s to r s ,  l o g i c  c h i p s ,  L E D ,  a n d  s o m e  p h o to vo l ‐
tai c  p r o d u c ts  o n  typ i c al l y g al l i u m  ar s e n i d e  wafe r s .  P r o c e s s

i s  s i m i l a r  to  s i l i c o n  wafe r s ,  b u t p r i m a r y m a te r i al s  a r e
d i ffe r e n t an d / o r  u s e d  i n  d i ffe r e n t q u a n ti ti e s  ( p r o c e s s e s
r e q u i r e  l ar g e  vo l u m e s  o f ar s i n e ,  p h o s p h i n e ,  a m m o n i a ,

a n d  m e tal  o r g an i c s ) .  C u r r e n t te c h n o l o g i e s  fo c u s  o n
1 5 0  m m  ( 5 . 9  i n . )  wafe r s .

( 3 ) TFT-LCD (Thin flm transistor liquid crystal displays).  P r o c e s s
u ti l i z i n g l a r ge  gl as s  s u b s tr ate s  to  m a n u fac tu r e  fat-panel
d i s p l ays  fo r  u s e  i n  te l e vi s i o n s ,  c o m p u te r  s c r e e n s ,  m o b i l e

d e vi c e  s c r e e n s ,  a n d  o th e r  ap p l i c a ti o n s .  P r i m ar y p r o c e s s
i n c l u d e s  P E C VD  ( p l as m a-e n h a n c e d  c h e m i c a l  va p o r  d e p o ‐

s i ti o n ) ,  p h o to l i th o gr a p h y,  s p u tte r i n g ,  an d  e tc h i n g ( d r y
an d  we t) .  T h e  n u m b e r  o f h az ar d o u s  m ate r i a l s  u s e d  i s  l e s s
th a n  s i l i c o n  p r o c e s s e s ,  b u t th e  vo l u m e s  a r e  m u c h  l ar g e r ;

u s u al l y i n vo l vi n g  b u l k s u p p l i e s .  T h e  l ate s t Ge n e r a ti o n  8
p r o c e s s  u ti l i z e s  2 2 0 0  m m  ( 8 6 . 6  i n . )  x  2 5 0 0  m m  ( 9 8 . 4  i n . )

gl as s  s u b s tr ate s .
( 4 ) Crystalline Silicon Photovoltaic.  S i l i c o n - b a s e d  p r o c e s s  fo r

c r e a ti n g s o l ar  c e l l s  o n  wafe r s ,  s q u ar e  i n g o ts ,  o r  r i b b o n s .
P r o c e s s  d o e s  n o t r e q u i r e  s tr i n ge n t c l e an l i n e s s ,  a n d  i s  l o c a‐
te d  i n  n o n c l e an  r o o m  e n vi r o n m e n ts  fo r  d o p i n g  s i l i c o n

l aye r s  an d  gr o wi n g antirefection  l a ye r s .  T h e  u s e  o f
P E C VD  p r o c e s s  i s  p r e va l e n t,  wi th  n e w i o n  i m p l a n ta ti o n
te c h n o l o g y i n tr o d u c e d  i n  2 0 1 1 .

( 5 ) Thin Film Photovoltaic.  T h i s  i n d u s tr y i s  m u c h  m o r e  fr a g‐
m e n te d  wi th  m a n y d i ffe r e n t typ e s  o f te c h n o l o g i e s  o n  a
var i e ty o f s u b s tr a te s  ( gl as s ,  s tai n l e s s  s te e l ,  s i l i c o n  r i b b o n ) .

T h e  tr ad i ti o n al  am o r p h o u s  s i l i c o n  p r o c e s s  u s e s  s i l a n e ,
am m o n i a,  n i tr o g e n  trifuoride,  an d  tr i m e th yl b o r o n

m i x tu r e s  i n  b u l k s u p p l y.  O th e r  te c h n o l o g i e s  u s e  d i ffe r e n t
m a te r i al s  an d  te c h n i q u e s .

A. 1 . 2    A s ys te m s  ap p r o ac h  to  r i s k m an a ge m e n t wa s  atte m p te d
th r o u g h o u t th i s  s ta n d ar d .  T h e s e  fre  s afe ty o b j e c ti ve s  ar e
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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

ac h i e ve d  th r o u g h  th e  p r o p e r  m an a ge m e n t o f fre  p r e ve n ti o n
an d  fre  r e s p o n s e  ac ti vi ti e s .

A. 1 . 4 . 3    An  e q u i val e n t m e th o d  o f p r o te c ti o n  i s  o n e  th at
p r o vi d e s  an  e q u al  o r  gr e a te r  l e ve l  o f p r o te c ti o n .  I t i s  n o t a
wai ve r  o r  d e l e ti o n  o f a s tan d a r d  r e q u i r e m e n t.

A. 1 . 5    F o r  ad d i ti o n al  c o n ve r s i o n s  a n d  i n fo r m ati o n ,  s e e  AS T M
S I 1 0 ,  Standard for Use of the International System of Units (SI): The
Modern Metric System.

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 ati 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 ay 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  a b 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 tal ‐
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 a ti 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 a ti 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 a n 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 a l ,  s tate ,  l o c a l ,  o r  o th e r  r e g i o n a l  d e p ar 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 au ,  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 a u 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 ;
at g o ve r n m e n t i n s tal l a ti 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 a b e l e d .  T h e  au th o r i ty h a vi 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.

A. 3 . 3 . 6  C o r ro s i ve  M ate ri al .    A c h e m i c a l  i s  c o n s i d e r e d  to  b e
c o r r o s i ve  i f i t d e s tr o ys  o r  i r r e ve r s i b l y c h a n ge s  th e  s tr u c tu r e  o f
th e  ti s s u e  at th e  s i te  o f c o n tac t wi th i n  a specifed  p e r i o d  o f ti m e
u s i n g  o n e  o f th e  in vivo o r  in vitro O E C D  te s t m e th o d s  a u th o r ‐
i z e d  i n  4 9  C F R P a r t 1 7 3 . 1 3 7 .  F o r  p u r p o s e s  o f th i s  c o d e ,  th i s
te r m  d o e s  n o t r e fe r  to  a c ti o n  o n  i n an i m ate  s u r fa c e s  ( e . g . ,  s te e l
o r  al u m i n u m ) .  Avai l ab l e  te s ti n g  d ata p r o d u c e d  p r i o r  to
S e p te m b e r  3 0 ,  1 9 9 5 ,  fr o m  th e  te s t m e th o d  i n  Ap p e n d i x  A to
4 9  C F R P ar t 1 7 3  i n  e ffe c t o n  O c to b e r  1 ,  1 9 9 4 ,  c a n  al s o  b e  u s e d
to  d e te r m i n e  th e  c o r r o s i vi ty o f a m ate r i a l .  [ 1 ,  2 0 1 8 ]

A. 3 . 3 . 2 1 . 1  P e r m i s s i b l e  E x p o s u re  L i m i t ( P E L ) .    T h e  m a x i m u m
p e r m i tte d  ti m e -we i gh te d  a ve r a ge  e x p o s u r e s  to  b e  u ti l i z e d  a r e
th o s e  p u b l i s h e d  i n  2 9  C F R 1 9 1 0 . 1 0 0 0 .  [ 5 0 0 0 ,  2 0 1 8 ]

A. 3 . 3 . 3 8  To x i c  M ate ri al .    Wh i l e  c ate go r i z a ti o n  i s  b a s i c al l y
s i m p l e  i n  a p p l i c ati o n ,  th e  d e g r e e  o f h az ar d  d e p e n d s  o n  m a n y
va r i ab l e s  th at s h o u l d  b e  c a r e fu l l y c o n s i d e r e d  i n d i vi d u a l l y an d
i n  c o m b i n a ti o n .  S o m e  e x am p l e s  i n c l u d e  th e  fo l l o wi n g:

( 1 ) M ate r i a l s  wh e r e i n  th e  to x i c  c o m p o n e n t o r  m i x tu r e s
th e r e o f ar e  i n e x tr i c ab l y b o u n d  an d  c a n n o t b e  r e l e a s e d  s o

th e r e  i s  l i ttl e  o r  n o  p o te n ti al  fo r  e x p o s u r e
( 2 ) N o n fr i ab l e  s o l i d  h a z a r d o u s  m ate r i al s  e x i s ti n g  i n  p r o d u c t

fo r m s  a n d  i n  th e  d e m o n s tr a te d  a b s e n c e  o f i n h al ab l e
p ar ti c l e s  th at m i gh t n o t p r e s e n t th e  s a m e  i n h al a ti o n
h az ar d  as  th e  c h e m i c al  c o m p o n e n ts  e x i s ti n g i n  a  fr i ab l e
s tate

( 3 ) M i x tu r e s  o f to x i c  m ate r i a l s  wi th  o r d i n ar y m ate r i a l s ,  s u c h
a s  wate r,  th at m i gh t n o t wa r r an t classifcation  as  to x i c

[ 1 ,  2 0 1 8 ]

An y h az ar d  e val u a ti o n  th at i s  r e q u i r e d  fo r  th e  p r e c i s e  c ate go ‐
r i z ati o n  o f to x i c  m a te r i al  i s  r e q u i r e d  to  b e  p e r fo r m e d  b y e x p e ‐

r i e n c e d ,  te c h n i c a l l y c o m p e te n t p e r s o n s .  [ 1 ,  2 0 1 8 ]

A. 3 . 3 . 3 8 . 1  H i gh l y To x i c  M ate ri al .    Wh i l e  c ate go r i z ati o n  i s  b as i ‐
c a l l y s i m p l e  i n  ap p l i c ati o n ,  th e  d e gr e e  o f h az ar d  d e p e n d s  o n
m a n y var i a b l e s  th a t 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  i n d i vi d u al l y

an d  i n  c o m b i n ati o n .  S o m e  e x a m p l e s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) M ate r i a l s  wh e r e i n  th e  h i g h l y to x i c  c o m p o n e n t o r
m i x tu r e s  th e r e o f ar e  i n e x tr i c ab l y b o u n d  an d  c a n n o t b e

r e l e as e d  s o  th e r e  i s  l i ttl e  o r  n o  p o te n ti a l  fo r  e x p o s u r e
( 2 ) N o n fr i ab l e  s o l i d  h a z a r d o u s  m ate r i al s  e x i s ti n g  i n  p r o d u c t

fo r m s  a n d  i n  th e  d e m o n s tr a te d  a b s e n c e  o f i n h al ab l e
p ar ti c l e s  th at m i gh t n o t p r e s e n t th e  s a m e  i n h al a ti o n
h az ar d  as  th e  c h e m i c al  c o m p o n e n ts  e x i s ti n g i n  a  fr i ab l e

s tate
( 3 ) M i x tu r e s  o f h i g h l y to x i c  m ate r i al s  wi th  o r d i n a r y m ate r i al s ,

s u c h  as  wa te r,  th at m i g h t n o t war r a n t classifcation  a s
h i g h l y to x i c

[ 1 ,  2 0 1 8 ]

An y h az ar d  e va l u a ti o n  th at i s  r e q u i r e d  fo r  th e  p r e c i s e  c ate go ‐
r i z a ti o n  o f h i g h l y to x i c  m a te r i al  i s  r e q u i r e d  to  b e  p e r fo r m e d  b y

e x p e r i e n c e d ,  te c h n i c a l l y c o m p e te n t p e r s o n s .  [ 1 ,  2 0 1 8 ]

A. 3 . 3 . 3 9  Wate r- Re ac ti ve  M ate ri al .    T h e r e  ar e  th r e e  c l as s e s  o f
wate r- b a s e d  m a te r i al .  C l a s s  1  wa te r-r e ac ti ve  m ate r i a l s  a r e  th o s e

wh o s e  h e at o f m i x i n g  i s  a t o r  a b o ve  3 0  c a l / g an d  l e s s  th an  1 0 0
c a l / g .  C l a s s  2  wate r-r e ac ti ve  m ate r i a l s  a r e  th o s e  wh o s e  h e at o f

m i x i n g i s  at o r  a b o ve  1 0 0  c al / g a n d  l e s s  th an  6 0 0  c al / g .  An d
C l a s s  3  wate r-r e ac ti ve  m a te r i al s  a r e  th o s e  wh o s e  h e a t o f m i x i n g
i s  g r e ate r  o r  e q u al  to  6 0 0  c al / g .

A. 3 . 3 . 4 0  Wo rk s tati o n .    T h e  te r m s  workstation,  tool,  process tool,
process equipment,  an d  semiconductor manufacturing equipment ar e

o fte n  u s e d  i n te r c h an g e ab l y.  I n  th e  U n i te d  S ta te s ,  th e  te r m  work‐
station h as  c o n n o ta ti o n  an d  defnition  u n d e r  o th e r  r e c o gn i z e d

c o d e s  a n d  s ta n d a r d s .  I n  th i s  d o c u m e n t,  th e  te r m  workstation i s
u s e d  to  specifcally d e s i g n ate  th e  p o i n t wh e r e  a s i n g l e  p r o c e s s

s te p ,  fu n c ti o n ,  o r  p r o c e d u r e  i s  p e r fo r m e d .  E q u i p m e n t u s e d  i n
th e  m an u fa c tu r e  o f s e m i c o n d u c to r  d e vi c e s  c an  c o n ta i n  o n e  o r

m o r e  p r o c e s s  s te p s  an d  a c c o r d i n gl y o n e  o r  m o r e  wo r ks tati o n s .

I t s h o u l d  b e  n o te d  th at al l  wo r ks ta ti o n s  ar e  to o l s ,  b u t n o t a l l
to o l s  ar e  wo r ks tati o n s .

T h e  wo r ks ta ti o n  c an  i n c l u d e  c o n n e c te d  c a b i n e ts  a n d  c o n tai n
ve n ti l ati o n  e q u i p m e n t,  fre  p r o te c ti o n  d e vi c e s ,  s e n s o r s  fo r  ga s

a n d  o th e r  h az ar d s ,  e l e c tr i c al  d e vi c e s ,  a n d  o th e r  p r o c e s s i n g  an d
scientifc  e q u i p m e n t.

A. 4 . 3    B u i l d i n gs  h o u s i n g th e s e  c l e an r o o m s  s h o u l d  b e  o f
n o n c o m b u s ti b l e  o r  fre-resistive  c o n s tr u c ti o n .
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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 .

A. 4 . 6 . 2 ( 4 )    T h e  i n te n t o f th i s  r e q u i r e m e n t i s  to  p r o h i b i t a
c o m m u n i c a ti o n  o f two  c o m p a r tm e n ts  o n  th e  s a m e  foor  vi a two
c o n ve n i e n c e  o p e n i n g s .  T h i s  i s  r e p r e s e n te d  i n  F i gu r e
A. 4 . 6 . 2 ( 4 ) .

A. 4 . 6 . 2 ( 6 )    T h i s  r e q u i r e m e n t p r o h i b i ts  m e an s  o f e gr e s s  d o wn
o r  u p  th e  c o n ve n i e n c e  o p e n i n g .  I t d o e s  n o t p r o h i b i t m e an s  o f
e s c ap e  fr o m  r u n n i n g  d o wn  o r  u p  th e  c o n ve n i e n c e  o p e n i n g
wi th i n  r e s i d e n ti al  d we l l i n g  u n i ts .

A. 4 . 8    T h e  h a n d  d e l i ve r y a n d  p o u r i n g  o f c o m b u s ti b l e  an d
fammable  c h e m i c a l s  h a ve  b e e n  r e d u c e d  to  a m i n i m u m  i n
l ar g e  s tate -o f-th e - ar t fac to r i e s .  S to r ag e ,  l o c a te d  i n  s to r ag e
ro o m s ,  i s  r e m o te  fr o m  th e  c l e an r o o m .  T h e  m aj o r i ty o f c h e m i ‐
c a l s  ar e  d i s p e n s e d  au to m ati c al l y b y way o f b u l k d e l i ve r y s ys te m s .
T h e  h az ar d s  a s s o c i a te d  wi th  s p i l l s  i n  th e  c l e an r o o m  ar e  m i n i ‐
m a l ,  c o n s i d e r i n g  th e  am o u n t o f ai r  b e i n g r e c i r c u l ate d .

Δ A. 5 . 1    T h e  fo l l o wi n g  d o c u m e n ts  s h o u l d  b e  c o n s u l te d  fo r  s to r ‐
age  a n d  h an d l i n g  o f h az ar d o u s  c h e m i c a l s :

( 1 ) N F PA 6 8
( 2 ) N F PA 3 2 9

A. 5 . 3 . 1    M o d e l  b u i l d i n g c o d e s  i n  th e  U n i te d  S tate s  c al l  fo r
s p e c i al  p r o te c ti o n  r e q u i r e m e n ts  fo r  c o r r i d o r s  wh e r e  h az ar d o u s
m a te r i al s  ar e  tr a n s p o r te d .  T h e s e  c o d e s  d o  n o t n e c e s s a r i l y a p p l y
to  j u r i s d i c ti o n s  o u ts i d e  th e  U n i te d  S tate s .

A. 5 . 3 . 3    I n d i vi d u a l ,  b r e a ka b l e  c h e m i c a l  c o n tai n e r s  s h o u l d  b e
s e p ar a te d  to  avo i d  b r e akag e .

A. 5 . 5    F o r  Ta b l e  5 . 5 ,  th e  c o n tai n m e n t s ys te m  d e s i g n  c a n
c o n s i s t o f a s e p ar a te  b a s i n  fo r  e ac h  c h e m i c a l ,  a  s e r i e s  o f d r ai n ‐
age  tr e n c h e s  th at d r ai n  i n c o m p ati b l e  c h e m i c al s  to  i n d e p e n d ‐
e n t c o l l e c ti o n  b as i n s ,  d r a i n s ,  o r  a n y confguration  th at
m a i n tai n s  s e p a r ati o n  o f i n c o m p a ti b l e s .

Δ A. 5 . 5 . 2 . 2 . 1    S E M I  S 2 ,  Environmental,  Health,  and Safety Guideline
for Semiconductor Manufacturing Equipment,  an d  S E M I  S 1 4 ,  Safety
Guidelines for Fire Risk Assessment and Mitigation for Semiconductor
Manufacturing Equipment,  ar e  e x am p l e s  o f ac c e p tab l e  g u i d e l i n e s
fo r  r i s k a s s e s s m e n t.

A. 5 . 6 . 2 . 1    C an i s te r  fa b r i c ato r s  s h o u l d  tr e a t th e  d e s i g n  o f th e
c a n i s te r  a s  a  p r e s s u r e  ve s s e l .  I t i s  s tr o n g l y r e c o m m e n d e d  a l l  n e w

C o n ve n i e n c e
o p e n i n g

C o n ve n i e n c e
o p e n i n g

C o n ve n i e n c e
o p e n i n g

C o n ve n i e n c e
o p e n i n g

F i r e  o r  
s m o ke  b a r r i e r

F i r e  o r  
s m o ke  b a r r i e r

FI G U RE  A. 4 . 6 . 2 ( 4 )   C o n ve n i e n c e  O p e n i n g Ar ran ge m e n t.

c a n i s te r s  ar e  s u b j e c te d  to  r ad i o gr a p h i c  ( X -r a y)  an al ys i s  o f a l l
we l d s .

A. 5 . 8 . 2    T h e r m o p l as ti c  we l d e r s  s h o u l d  b e  qualifed  u n d e r  D VS
we l d i n g s tan d ar d s .  ( D VS  =  D e u ts c h e r  Ve r b an d  fü r  S c h we i s s e n

u n d  ve r wa n d te  Ve r fah r e n  e . V. )

A. 6 . 2    I t i s  th e  c o m m i tte e ’ s  i n te n t th a t th i s  s e c ti o n  d o e s  n o t
ap p l y to  p i p i n g wi th i n  to o l  e n c l o s u r e s .  To o l  e n c l o s u r e s  s h o u l d
b e  e val u a te d  u s i n g  S E M I  S 1 4 ,  Safety Guidelines for Fire Risk Assess‐

ment and Mitigation for Semiconductor Manufacturing Equipment,  to
e n s u r e  a c c e p ta b l e  r i s k-b as e d  an a l ys i s .  (See Annex C. )

Δ A. 6 . 4 . 1    Te s ti n g  h a s  s h o wn  th at th e r e  i s  n o  p r a c ti c a l  way to
s u p p r e s s  a fre  i n vo l vi n g  p yr o p h o r i c  l i q u i d s .  A fre  c o n tr o l

m e th o d  s h o u l d  b e  d e s i gn e d  to  p r o te c t th e  c a b i n e t an d
s u r r o u n d i n g ar e a s .  Ac c e p ta b l e  fre  c o n tr o l  m e th o d s  m u s t b e

c a p ab l e  o f p e r fo r m i n g  th e  fo l l o wi n g :

( 1 ) D e te c ti n g  th e  l e a k
( 2 ) C ap tu r i n g ,  c o n tai n i n g,  an d  r e m o vi n g  al l  l e a ke d  m a te r i al

an d  a s s o c i a te d  c o m b u s ti o n  b y-p r o d u c ts
( 3 ) S u p e r vi s i n g th e  r e m o val  p r o c e s s  to  e n s u r e  al l  l e a ke d

h az ar d o u s  m ate r i al  h a s  b e e n  fu l l y r e ac te d  b e fo r e  a l l o wi n g
p e r s o n n e l  to  e n te r  th e  c a b i n e t s o  th at r e i g n i ti o n  c an n o t

o c c u r  wh e n  th e  d e l i ve r y c ab i n e t i s  o p e n e d

Te s ti n g  h a s  s h o wn  th at n i tr o g e n  i n e r ti n g i s  th e  o n l y kn o wn
m e th o d  to  p r e ve n t a  fame  s h o u l d  p yr o p h o r i c  l i q u i d s  l e ak.

A. 6 . 4 . 2    C ar e fu l  c o n s i d e r ati o n  s h o u l d  b e  g i ve n  to  th e  a m o u n t
o f l i q u i d  p yr o p h o r i c  m ate r i al  n e e d e d  fo r  o p e r a ti o n s .  M a n y

ti m e s  th e  2 0  L  ( 5 . 3  g al )  q u a n ti ty i s  n o t n e e d e d  to  s u s tai n
p r o d u c ti o n .

A. 6 . 4 . 4    C a b i n e t i n te r n al  p r e s s u r e  s h o u l d  r e m ai n  n e g ati ve  o r
n e u tr a l  r e l ati ve  to  s u r r o u n d i n g a r e as  u p o n  d i s c h a r ge  o f a fre
c o n tr o l  m e d i u m ,  s u c h  as  n i tr o ge n  i n e r ti n g .

A. 6 . 7    S e e  defnitions  a n d  e m p i r i c al  te s ts  r e q u i r e d  to  c l as s i fy
wate r  r e a c ti ve  m ate r i a l s  i n  An n e x  E  o f N F PA 7 0 4 .

A. 6 . 7 . 1    I f wate r  i s  i n tr o d u c e d  i n to  th e  c yl i n d e r s  c o n ta i n i n g th e
wate r  r e ac ti ve  c h e m i s tr i e s  i t c an  l e a d  to  e x p l o s i ve  r u p tu r e  o f

th e  c yl i n d e r.  N o n -wa te r-b as e d  h e a te r  b ath s  s h o u l d  b e  u s e d  o r
a l te r n ate  te m p e r a tu r e  c o n tr o l  m e th o d s  e m p l o ye d .

A. 7 . 1    N F PA 5 5  i s  a  material-specifc  c o d e  th a t ad d r e s s e s  th e
s to r ag e ,  tr an s fe r,  an d  u s e  o f i n d u s tr i al  g as e s .  T h e  r e q u i r e m e n ts
wi th i n  N F PA 5 5  ar e  a p p l i c a b l e  fo r  s e m i c o n d u c to r  a n d  r e l ate d

fa c i l i ti e s .  T h e  N F PA 3 1 8  s tan d ar d  l e ve r ag e s  th e  r e q u i r e m e n ts
wi th i n  N F PA 5 5  b y r e fe r e n c i n g  r e l e van t c h a p te r s .  Wi th i n  C h a p ‐
te r  7 ,  N F PA 3 1 8  p r o vi d e s  ad d i ti o n a l  u s e  an d  industry-specifc

ga s - r e l ate d  r e q u i r e m e n ts  p e r tai n i n g  to  s e m i c o n d u c to r  an d  r e l a‐
te d  fac i l i ti e s .

T h e  u s e  an d  i n d u s tr y-r e l a te d  r e q u i r e m e n ts  i n  N F PA 3 1 8
we r e  d e ve l o p e d  b y c o m p ar i n g  th e  fo l l o wi n g  p r i m ar y gas-
specifc  s a fe g u a r d s  c o n tai n e d  wi th i n  N F PA 5 5  an d  N F PA 3 1 8 :

( 1 ) Gas  d e te c ti o n  s ys te m s  a n d  s o u r c e  s h u td o wn  ar r an g e m e n ts
( 2 ) Re s tr i c te d  F l o w Orifces  ( RF O s )
( 3 ) E m e r g e n c y s h u to ff val ve s
( 4 ) P r e s s u r e  r e l i e f d e vi c e s  fo r  s o u r c e s
( 5 ) Ve n ti l a ti o n  r a te s  fo r  var i o u s  a r r an g e m e n ts
( 6 ) F i r e  d e te c ti o n  an d  fre  p r o te c ti o n  fo r  var i o u s  ar r a n ge ‐

m e n ts
( 7 ) Tr e a tm e n t s ys te m s
( 8 ) E x c e s s  fow c o n tr o l
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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

A.7.1 .1 .1    F o r  i n fo r m ati o n  o n  s a fe ty i n  c u tti n g  an d  we l d i n g,  s e e
N F PA 5 1 B .

A.7.1 .3.3    I f th e  d i s tr i b u ti o n  p i p i n g i s  o f n o n c o m b u s ti b l e
c o n s tr u c ti o n ,  a  c o m b u s ti b l e  o u te r  j ac ke t c an  b e  u s e d  fo r  s e c o n ‐
d ar y c o n tai n m e n t.

A.7.1 .4.1    Au to m a te d  p u r g e  p an e l s  ar e  r e c o m m e n d e d  b e c au s e
th e y r e d u c e  th e  p o te n ti al  fo r  h u m a n  e r r o r.  (See 7. 6. 2 for silane
and silane mixes. )

A.7.1 .4.3    T h e  b as i c  c o m p o n e n ts  o f p u r ge  p an e l s  s h o u l d  i n c o r ‐
p o r ate  th e  fo l l o wi n g  fe a tu r e s :

( 1 ) T i e d  d i ap h r ag m  r e g u l ato r s  s h o u l d  b e  u s e d .
( 2 ) Al l  p i p i n g o r  tu b i n g  c o n n e c ti o n s ,  e x c e p t th e  val ve

c o n n e c ti o n  to  a c yl i n d e r,  s h o u l d  b e  we l d e d  o r  h a ve  a
m e tal  ga s ke t fac e  s e al  ftting  wi th  z e r o  c l e ar a n c e .

( 3 ) B u r s t p r e s s u r e  c o m p o n e n ts  s h o u l d  b e  r ate d  to  a t l e as t
5 0  p e r c e n t a b o ve  th e  m ax i m u m  p r e s s u r e  a va i l ab l e  to  a l l

c o m p o n e n ts .
( 4 ) Al l  c o m p o n e n ts  s h o u l d  h ave  a h e l i u m  l e ak r ate  n o

g r e ate r  th a n  0 . 0 0 0 0 1  c c / h r.
( 5 ) Re g u l ato r s  s h o u l d  b e  o f th e  h an d -l o a d e d  typ e .  D o m e -

l o ad e d  r e g u l ato r s  s h o u l d  n o t b e  u s e d  o n  h az ar d o u s
ga s e s .  Re m o te l y o p e r a te d  g as -d e l i ve r y s ys te m s  c a n  u s e
d o m e -l o ad e d  r e g u l a to r s .

( 6 ) N o  c h e c k va l ve s  s h o u l d  b e  u s e d  as  a p r i m ar y c o n tr o l  o f
p o te n ti a l  c r o s s -c o n ta m i n ati o n  an d  backfow.

( 7 ) E l e c tr i c al  c o m p o n e n ts  o n  p u r ge  p an e l s  s h o u l d  b e
i n tr i n s i c al l y s a fe .

( 8 ) E x c e s s  fow c o n tr o l  ( va l ve  o r  s wi tc h )  s h o u l d  b e  p r o vi d e d
o n  th e  h i g h -p r e s s u r e  s i d e  o f th e  p u r ge  p an e l .

( 9 ) E m e r g e n c y h i g h -p r e s s u r e  s h u to ff va l ve s  s h o u l d  b e  p r o vi ‐
d e d  an d  s h o u l d  o p e r a te  o n  th e  ac ti va ti o n  o f an  e m e r ‐

g e n c y o ff b u tto n ,  g as  m o n i to r i n g  al ar m  ( h i g h  al ar m ) ,  o r
e l e c tr o n i c a l l y m o n i to r e d  e x c e s s  fow c o n tr o l  s wi tc h .

( 1 0 ) Al l  s ys te m s  s h o u l d  b e  e q u i p p e d  wi th  a n  e m e r g e n c y s h u t‐
o ff.

A.7.1 .6    C h ap te r  7  o f N F PA 5 5  a d d r e s s e s  g as  d e te c ti o n  i n
material-specifc  s e c ti o n s  wi th i n ,  wi th  th e  o n l y d i r e c t r e q u i r e ‐
m e n t l i s te d  fo r  to x i c  an d  h i g h l y to x i c  ga s e s .  G as  d e te c ti o n  fo r
o th e r  h az ar d o u s  g as e s  i s  war r a n te d .

A.7.1 .8.1    Al te r n ati ve  s u b s tan c e s  s h o u l d  b e  c o n s i d e r e d  fo r
re p l a c e m e n t o f h az ar d o u s  g as e s .

A.7.1 .8.2    T h e  u s e  o f n o r m al l y c l o s e d ,  p n e u m ati c -o p e r a te d
c yl i n d e r  val ve s  l o c ate d  d i r e c tl y o n  H P M  c yl i n d e r s  i s  p r e fe r r e d
as  i t p r o vi d e s  th e  ab i l i ty to  i s o l a te  th e  c yl i n d e r  an d  s to p  g as  fow
i n  th e  e ve n t o f a l e a k.  E m e r g e n c y s h u to ff val ve s  l o c ate d  d o wn ‐
s tr e am  o r  ad j ac e n t to  th e  ac ti ve  c yl i n d e r  m i gh t n o t b e  e ffe c ti ve
i n  p r e ve n ti n g  l e a ks  c au s e d  a t th e  p o i n t o f c o n n e c ti o n  o f th e
c yl i n d e r  to  th e  ga s  d e l i ve r y s ys te m ,  wh e r e  th e  m aj o r i ty o f l e aks
ar e  i n vo l ve d .

A.7.5.1    I f an  RF O  i s  p l a c e d  i n  a  s ys te m  wi th  an  e x c e s s  fow
d e vi c e ,  th e  e x c e s s  fow d e vi c e  m i g h t n o t s h u t o ff.

A.7.6    AN S I / C GA G -1 3 ,  Storage and Handling of Silane and Silane
Mixtures,  c o n ta i n s  e x te n s i ve  r e q u i r e m e n ts  fo r  th e  s to r a ge ,  u s e ,
an d  h a n d l i n g  o f s i l an e  g as .  Wi th  s o m e  e x c e p ti o n s ,  th e s e
r e q u i r e m e n ts  ar e  a l i gn e d  wi th  th e  h i s to r i c a l  a p p r o a c h  wi th i n
N F PA 3 1 8 .  E x c e p ti o n s  a r e  i n c l u d e d  wi th i n  N F PA 3 1 8  r e q u i r e ‐
m e n ts  i n  va r i o u s  s e c ti o n s .

T h e  u s e  o f s i l an e / to x i c  m i x e s  i s  d i s c o u r ag e d  b e c au s e  o f th e
d an g e r s  i n h e r e n t i n  th e s e  m a te r i al s .  Al te r n ati ve  m e th o d s

s h o u l d  b e  s o u gh t to  e l i m i n ate  th e  u s e  o f th e s e  c h e m i c a l s .  D u e
to  th e  e x tr e m e l y h a z a r d o u s  n a tu r e  o f s i l a n e ,  s to r ag e  an d
d i s p e n s i n g a r e as  wo u l d  beneft fr o m  vi d e o  c a m e r as  fo r  r e m o te

m o n i to r i n g  an d  s e c u r i ty p u r p o s e s .

A.7.6.1    T h e  u s e  o f a  c yl i n d e r-m o u n te d  a u to m a ti c  p n e u m a ti c
c yl i n d e r  va l ve  i s  th e  p r e fe r r e d  s h u to ff val ve .  P n e u m ati c  va l ve s

th a t e m p l o y a kn i fe  e d g e  s e at d e s i g n  r e d u c e  c r o s s - p o r t l e aks
an d  s i l an e  “ p o p p e r s . ”

A.7.6.2    T h e  u s e  o f two  s i n gl e -s ta ge  r e g u l ato r s  i n  s e r i e s  wi l l
h e l p  r e d u c e  l i q u e fac ti o n  d u r i n g  p r e s s u r e  r e d u c ti o n .  Re p l ac e a‐

b l e  m e ta l  ga s ke ts  i n  D I S S  c o n n e c ti o n s  a r e  p r e fe r r e d  o ve r  P T F E
ga s ke ts  th a t c an  c o l d  fow a n d  l e ak a t p r e s s u r e s  h i gh e r  th a n
3 4 4 8  kP a  ( 5 0 0  p s i ) .  T h e  u s e  o f s o l i d  s ta i n l e s s  s te e l  p i g ta i l  l i n e s

i s  p r e fe r r e d  o ve r  fexible  s te e l  l i n e s .  T h e  u s e  o f a Ve n tu r i  e d u c ‐
to r  to  e va c u ate  th e  g as  p a n e l  d u r i n g s ys te m  p u r ge  i s  s tr o n g l y
r e c o m m e n d e d .  T h e  d o m e  o f th e  p r e s s u r e  r e g u l ato r  s h o u l d  al s o
b e  ve n te d  to  a s afe  l o c ati o n .

A.7.14.2    A s u b a tm o s p h e r i c  g as  s o u r c e  ( S AGS )  r e d u c e s  th e  r i s k
an d  m ag n i tu d e  o f g as  r e l e as e s .  I n  a S AG S ,  a va c u u m  ( s u b atm o ‐

s p h e r i c )  c o n d i ti o n  i s  r e q u i r e d  to  i n d u c e  g as  fow fr o m  th e
c yl i n d e r.  An  a c c i d e n tal  o p e n i n g  o f th e  val ve  u n d e r  atm o s p h e r i c
c o n d i ti o n s  wi l l  r e s u l t i n  l i ttl e  o r  n o  ga s  r e l e a s e .  I n  a Typ e  1

S AG S ,  ga s  i s  a d s o r b e d  o n  a  m e d i u m  a n d  i s  r e l e as e d  u n d e r  a
va c u u m  c o n d i ti o n .  I n  a  Typ e  2  S AGS ,  th e  p r e s s u r e  d r i ve r  i s
m i ti ga te d  vi a a  n o r m al l y c l o s e d  i n te r n al  va l ve  th a t r e q u i r e s  a

vac u u m  c o n d i ti o n  to  r e l e a s e  th e  ga s .   B e c au s e  o f i ts  i m p r o ve d
b u i l t-i n  s afe ty fe a tu r e s ,  a S AGS  s h o u l d  b e  u s e d  i n s te ad  o f s tan d ‐
ar d  h i g h -p r e s s u r e  c yl i n d e r  ga s  wh e r e ve r  p r o c e s s  c o m p ati b i l i ty

a l l o ws .

A.7.14.2.1    Re l e as e  r ate s  fr o m  S AGS  wi l l  b e  s m al l  r e l ati ve  to  a
c o n ve n ti o n a l  c o m p r e s s e d  g as .  Wh e n  c o m b i n e d  wi th  ve n ti l a‐

ti o n ,  th i s  r e s u l ts  i n  a l o w r i s k o f m i x i n g  i n c o m p ati b l e  g as e s .

A.7.14.2.2    S u b s e c ti o n s  6 3 . 2 . 1 7 . 2  a n d  6 3 . 2 . 1 8 . 1  o f N F PA 1
p r o vi d e  r e fe r e n c e  r e q u i r e m e n ts  fo r  m i n i m u m  fac e  ve l o c i ti e s  o f
2 0 0  fp m  ( 1  m / s )  at o p e n i n g s  i n  g as  c a b i n e ts  o r  e x h au s te d

e n c l o s u r e s .  M ai n ta i n i n g c o n d i ti o n s  b e l o w I D L H  wi th i n  th e  ga s
b o x  r e p r e s e n ts  a h i g h e r  s tan d a r d  o f c o n tr o l .  Al s o ,  p e r  N F PA 1 ,
tr e a tm e n t s ys te m s  fo r  c o r r o s i ve ,  to x i c ,  o r  h i g h l y to x i c  ga s e s  c a n

i n c l u d e  n o n tr e ate d  ve n ti l a ti o n  s ys te m s  th a t d i l u te  th e  a c c i d e n ‐
ta l  r e l e as e  to  l e s s  th an  1 ∕2  I D H L .  Ve n ti l a ti o n  s ys te m  d e s i g n  fo r

S AG S  m e e ts  th e s e  d i l u ti o n  th r e s h o l d s  an d  th e r e fo r e  m e e ts  th e
r e q u i r e m e n t fo r  tr e a tm e n t s ys te m s .

A.7.14.2.5    T h e  a u to m a ti c  s h u to ff val ve  r e q u i r e m e n t i s  e ffe c ‐
ti ve l y m e t i n  b o th  S AGS  s o u r c e s .  S AGS  s o u r c e s  a r e  d e s i gn e d  to
fow g as  u n d e r  vac u u m  c o n d i ti o n s  an d ,  c o u p l e d  wi th  ve n ti l a‐

ti o n  r e q u i r e m e n ts ,  e n s u r e  th at c o n c e n tr ati o n s  i n  g as  c ab i n e ts
o r  e x h au s te d  e n c l o s u r e s  wi l l  b e  l e s s  th a n  I D L H .

A.7.14.2.6    A Typ e  1  S AGS  h as  an  i n h e r e n t fow r e s tr i c ti o n
b e c a u s e  th e  c yl i n d e r ’ s  i n te r n al  ga s  p r e s s u r e  i s  s u b a tm o s p h e r i c .

Δ A.8.2.1 .2    N F PA h a s  d e ve l o p e d  N F PA 2 8 7 ,  to  p r o vi d e  gu i d a n c e
fo r  th e  a s s e s s m e n t o f th e  fre  h az ar d  e x p e c te d  o f m ate r i al s  u s e d

i n  e n vi r o n m e n ts  h i g h l y s e n s i ti ve  to  th e r m al  a n d  n o n th e r m al
d am a ge ,  s u c h  as  wi th i n  c l e an r o o m s  i n  th e  s e m i c o n d u c to r
i n d u s tr y.  AS T M  h as  al s o  d e ve l o p e d  AS T M  E 2 0 5 8 ,  Standard Test

Methods for Measurement of Synthetic Polymer Material Flammability
Using a Fire Propagation Apparatus (FPA),  a s  a  ge n e r i c  ve r s i o n  o f
th e  s a m e  te s t m e th o d .  T h e  i n i ti al  wo r k o n  th i s  i s s u e  wa s

p e r fo r m e d  at F M  Gl o b al  an d  p u b l i s h e d  as  AN S I / F M  4 9 1 0 ,
Standard for Cleanroom Materials Flammability Test Protocol.


